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PREFACE

The 27th volume of POSTPRINTS contains papers, tips, and posters presented at the Textile Specialty 
Group (TSG) session and the General session of the annual meeting of the American Institute for 
Conservation of Historic and Artistic Works, Chicago, Illinois, in May and June 2017.

TSG POSTPRINTS is a non-juried publication. Submission of these papers to juried publications, such as 
the Journal of the American Institute for Conservation, is encouraged. The papers chosen from abstracts 
submitted to the meeting chair, Laura Mina, Textile Specialty Group vice chair for 2016–2017, are 
published as submitted by the authors. Papers were edited according to the Journal of the American 
Institute for Conservation’s “Guidelines for Authors” and the “Best Practices for Online PDF Publication: 
AIC Specialty Group Annuals & Postprints,” 2014 version. Materials and methods presented within the 
papers should not be considered official statements of either the Textile Specialty Group or of the 
American Institute for Conservation of Historic and Artistic Works.

The editors wish to thank the contributors to this publication for their cooperation and timeliness. 
Without their enthusiasm and hard work, this publication would not have been possible. Special thanks 
are extended to Aptara, Inc. for copyediting and layout. 
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ABSTRACT—Flags and banners are our most patriotic national textiles. Often made of silk or thin wool bun-
ting, they can be extremely fragile and require advanced conservation techniques for their preservation. 
American Revolutionary War–era flags are frequently painted and overpainted with oil-based, distemper, or 
other water-based paint that may have physically or chemically compromised the ground silk and resulted in 
flaking paint or loss of original material. Although 18th century silk flags may be distorted and dished from 
use and display, they are often in better condition than their Civil War counterparts. Museum Textile Services 
has endeavored to find new techniques for safely stabilizing and mounting 18th century silk flags without a 
full adhesive lining. Self-stenciling to apply low-tack adhesive only where needed on a sheer lining fabric is 
reversible, requires minimal handling and flipping of the flag, and is successful with or without an additional 
overlay. This article illustrates the treatment of two ca. 1780 flags conserved in 2016: the Third Connecticut 
flag belonging to the New-York Historical Society Museum & Library, and the Bucks of America flag belong-
ing to the Massachusetts Historical Society. Applications of this revolutionary labor- and resource-saving 
treatment to the conservation of other textiles are also discussed. 

¿DICES QUE QUIERES UNA REVOLUCIÓN? UN TRATAMIENTO ADHESIVO INNOVADOR DE 
BAJA TOMA PARA LAS BANDERAS DE SEDA DEL SIGLO XVIII

RESUMEN—Banderas y estandartes son nuestros textiles nacionales más patrióticos. A menudo hechos de 
seda o de lana fina, pueden ser extremadamente frágiles y requieren técnicas avanzadas de conservación para 
su preservación. Las banderas de la época de la Guerra Revolucionaria Americana son frecuentemente pinta-
das con óleos, témpera u otra pintura a base de agua que puede haber comprometido la seda físicamente o 
químicamente y dar como resultado pintura descascarillada o pérdida de material original. Aunque las ban-
deras de seda del siglo XVIII pueden distorsionarse por el uso y la exhibición, a menudo están en mejores 
condiciones que sus contrapartes de la Guerra Civil. Museum Textile Services se ha esforzado por encontrar 
nuevas técnicas para estabilizar y montar con seguridad banderas de seda del siglo XVIII sin un forro adhe-
sivo completo. El “auto-estarcido” para aplicar adhesivo de baja adherencia solo donde sea necesario en un 
tejido de forro es reversible, requiere un manejo y volteo mínimo de la bandera, y tiene éxito con o sin otra 
capa de textil sobrepuesta. Este artículo ilustra el tratamiento de dos banderas c. 1780 conservadas en 2016: la 
bandera “Third Connecticut” perteneciente al Museo y la Biblioteca de la Sociedad Histórica de Nueva York y 
la bandera “Bucks of America” perteneciente a la Sociedad Histórica de Massachusetts. También se discuten 
las aplicaciones de este tratamiento revolucionario que ahorra trabajo y recursos a la conservación de otros 
textiles.

SO YOU WANT A REVOLUTION? AN INNOVATIVE LOW-TACK ADHESIVE TREATMENT FOR 
18TH CENTURY SILK FLAGS

CAMILLE MYERS BREEZE AND MORGAN BLEI CARBONE

1. INTRODUCTION

More flags are conserved at Museum Textile Services (MTS) each year on average than any other type of 
historic textile. Hailing from private collectors, government agencies, branches of the military, and museums 
of all sizes, flags are universally seen as important documents of national pride and personal devotion. 
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Eighteenth century flags from the time of the American Revolution are rare specimens of technology, artistry, 
and tradition. Most have already seen the hands of conservators whose prior treatments may now be at risk of 
causing new damage if not reversed. In light of ongoing efforts to develop low-intervention treatments that 
combine longevity and reversibility, conservators at MTS recently adapted techniques used successfully for 
19th century silk flags to create a new method for supporting 18th century silk flags. The following case stud-
ies show how self-stenciling was used to apply a low-tack adhesive only where needed to sheer lining fabric, 
requiring minimal handling and flipping of the flag. 

2. THE BUCKS OF AMERICA FLAG

One of the best known flags of the American Revolution is the Bucks of America Flag, which is in the collection 
of the Massachusetts Historical Society (fig. 1). The Bucks of America was a Boston-based unit of the Massa-
chusetts militia composed entirely of African Americans. Conservation of this irreplaceable textile was initiated 
after a loan request by the Smithsonian National Museum of African American History and Culture for its inau-
gural exhibition opening in 2016. Made of two horizontal panels of ecru silk with an inset canton of blue silk, 
the center of the flag contains the painted symbol of the Bucks of America—a leaping stag and pine tree. Painted 
above the stag is a field with the name of the unit. Below is a smaller painted field reading “JGWH” [note 1].

William C. Nell in his 1855 book (17), The Colored Patriots of the American Revolution, wrote that: 

At the close of the Revolutionary War, John Hancock presented the colored company, called “the Bucks 
of America,” with an appropriate banner, bearing his initials, as a tribute to their courage and devotion 
throughout the struggle. The “Bucks,” under the command of Colonel Middleton, were invited to a 

Fig. 1. The Bucks of America flag before conservation. Image courtesy of Massachusetts Historical Society.
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collation in a neighboring town, and, en route, were requested to halt in front of the Hancock Mansion, 
in Beacon Street, where the Governor and his son united in the presentation. 

2.1 PRIOR TREATMENTS
By 2015, the 105.5 cm × 161.5 cm (41.5 in. × 63.5 in.) Bucks of America flag had been pressure mounted 

for approximately 50 years between a felt-covered piece of Masonite and a 0.6-cm (¼-in.) thick piece of clear 
acrylic (Bentley 2015). The sandwich was held together with binder clips inside a heavy wood frame. The 
unpainted areas of the flag were still supple despite distortion and discoloration with only a few splits where 
the flag had been folded at some point in its past. The painted designs were in poorer condition with substan-
tial craquelure, splits to the silk around the perimeter of the paint, and losses. At least three campaigns of 
treatment were evident in the painted areas: glassine adhesive patches, narrow pressure-sensitive cellophane 
tape, and wider tape resembling Scotch brand Magic tape (fig. 2). In some cases, fragments of painted silk had 
been adhered in the wrong place, were stacked on top of each other, or were upside down and backward 
(fig. 3). MTS conservators were able to successfully reverse these prior treatments using warm water vapor 
delivered through a Preservation Pencil. Loose fragments were placed temporarily onto diagrams for ease in 
repositioning.

Due to the overall fragility of the painted fields and the inability to stitch through them without causing 
further damage, a full adhesive lining seemed an obvious choice to stabilize the flag. However, unlike chemi-
cally treated silks found in Civil War–era flags, the Bucks of America silk was sound throughout the 
unpainted areas, making a full adhesive lining unnecessarily invasive. Furthermore, a full adhesive lining 
would result in unsightly, shiny, unspent adhesive showing behind the complex pattern of losses. Past attempts 
at using hand-drawn stencils made from flags to paint liquid adhesive onto a lining only where needed had 
failed due to registration errors. Complicating the decision-making process was a restriction by the Massa-
chusetts Historical Society that no sheer overlay would be permitted in the conservation process. 

Fig. 2. Detail of prior repairs to the Bucks of America flag.
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2.2 ADHESIVE TESTING
Two neutral synthetic adhesives in different concentrations were tested on scraps of silk crepeline. Crepe-

line was the preferred lining material over net or polyester sheer fabrics because it is a woven fabric made of 
the same fiber as the flag, it is readily available, and it has a low sheen. Solutions of Plextol B-500 and BEVA 
D8 were prepared at 12.5%, 25%, 50%, and 75% v/v with filtered water. In one set of tests, fragments of 19th 
century painted silk from the MTS sample collection were adhered to crepeline while the adhesive was still 
wet. For the second set of tests, the adhesive was painted onto the crepeline and allowed to dry before silk 
fragments were adhered to it using a tacking iron. 

The desired characteristics for these test results were a low-tack bond, flexibility, minimal shine, and 
excellent control in application. The adhesive solution chosen was a 50% v/v solution of Plextol B-500 with  
filtered water. The technique found to be most successful began by painting the adhesive onto tensioned  
crepeline. The 50% solution allowed extremely precise application with a minimum of wicking. When dry, the 
crepeline was peeled away and flipped over to expose the smooth layer of adhesive that formed against the 
film. The test fragments were then adhered to that side of the crepeline with a tacking iron through silicone 
release polyethylene film and allowed to cool. The resulting bond stayed intact when the test fragments were 
handled, yet allowed the lining to be peeled away with no damage if needed.   

In the process of testing, two important discoveries were made that led to the development of a new adhe-
sive application technique. The first was that the side of the adhesive-coated crepeline that dried against the 
silicone release film should be placed against the back of the flag rather than the side to which the adhesive 
was applied. The second was that the adhesive could be painted onto the crepeline over silicone release film 
using the back of the flag itself as a guide rather than a tracing of the flag. By self-stenciling with the flag face 
down, it was already in position for the adhesive lining to be applied. The flag, therefore, only needed to be 
flipped twice to complete the adhesive lining process. 

2.3 HUMIDIFICATION AND REALIGNMENT
Before beginning treatment, every stage of the humidification, realignment, and adhesive lining was 

planned out. A piece of brown corrugated cardboard larger than the flag was covered in silicone release film. 
The flag was transferred onto this board, which became the bottom of a Gore-Tex humidification chamber. 
The flag was covered with a sheet of Gore-Tex laminated onto polyester nonwoven, positioned with the 
polytetrafluoroethylene membrane toward the flag. Acid-free blotter paper was moistened with deionized 

Fig. 3. Removing pressure-sensitive tape and repositioning fragments of the Bucks of America flag.
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water and placed over the Gore-Tex. The humidification chamber was completed with a cover sheet of 4-mil 
polyethylene sealed at the edges with weights. The humidification process was checked every 15 minutes and 
concluded after a total of 45 minutes when the flag was perceptively damp. The flag was uncovered, realigned 
by hand, and allowed to air-dry flat. Areas of stubborn wrinkling—namely, the corners where the flag had 
been bunched up and tied—were further relaxed with a warm tacking iron through muslin, leaving ample 
evidence of their pattern of use. When the flag was completely dry, another board covered with silicone 
release film was placed on top, and the flag was flipped face down. 

2.4 LINING AND REPLACING LOOSE FRAGMENTS
Undyed silk crepeline was taped under slight tension to a temporary stretcher made of cardboard. The 

stretcher was then placed over the upside-down flag with a layer of silicone release film in between. The 
boards were clamped together with binder clips to keep the crepeline firmly in place relative to the flag. Using 
a fine brush, a 50% v/v solution of Plextol B-500 was painted onto the silk crepeline lining fabric only in areas 
of paint, including the leaping stag, tree, two text fields, and the 13 gold-painted stars (fig. 4). Because crepe-
line is transparent, there was no problem achieving detailed application. The adhesive stopped slightly inside 
the margins the losses in the text fields to avoid showing. 

When the adhesive was dry, the crepeline lining was peeled off of the silicone release film, taking great 
care not to let the adhesive surface touch itself. The film was removed from the flag and the crepeline was 
positioned onto the back of the flag. The lining was carefully adhered with a warm tacking iron through a 
piece of silicone release film. When the flag was cool, it was sandwiched between two boards and flipped face 
up. The fragments of painted silk that had been set aside were flipped over and painted with the same 50% v/v 

Fig. 4. Conservator Cara Jordan self-stenciling the silk crepeline underlay for the Bucks of America flag.
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solution of Plextol B-500 in filtered water. Each was then repositioned face up onto the silk crepeline and left 
to dry under moderate weight [note 2]. 

The Massachusetts Historical Society opted for a solid blue color-compensating fabric behind remaining 
areas of loss in the two text fields rather than trying to restore the missing letters. A piece of sheer turquoise 
polyester Stabiltex (now-discontinued) provided the best match when seen through the silk crepeline lining. 
Two custom-shaped underlays were created by taping Stabiltex to the center of a large piece of silicone release 
film, placing it over the desired areas of the flag, and carefully tracing the perimeter of each text field with the 
same adhesive solution used elsewhere. When dry, the Stabiltex underlays were peeled off the silicone release 
film and trimmed. The adhesive perimeter omitted the need for hot cutting the Stabiltex (fig. 5).  

2.5 MOUNTING AND FRAMING
An aluminum honeycomb panel was covered with 0.6-cm (¼-in.) polyester felt followed by cotton poplin. 

The flag was centered on the panel. While one person lifted the edge of the flag carefully with small boards, a 
second person reached under and positioned the two blue Stabiltex underlays before tacking them in place 
with the iron. The edges of the undyed silk crepeline lining were hemmed under and pinned to secure. Next, a 
line of stitching with Gütermann Skala polyester thread connected the perimeter of the flag and the lining 
below to the panel (fig. 6). Additional stitching was done throughout existing seams in the flag and along 
areas of weakness. The flag was given a final vacuuming before it was pressure mounted with a sheet of 0.5-cm 
(3/16 in.) UV-filtering acrylic. The acrylic was screwed down into the top of the panel through predrilled holes 
around the perimeter. The flag was photographed, packed, and shipped to the Smithsonian National Museum 
of African American History and Culture, where it received a custom frame (fig. 7). 

Fig. 5. Blue Stabiltex underlays for the Bucks of America flag after (top) and before (bottom) placement.
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Fig. 6. Stitch diagram for the Bucks of America flag.

Fig. 7. The Bucks of America flag on display at the Smithsonian Museum of African American History and Culture.
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3. THE THIRD COMPANY, THIRD CONNECTICUT REGIMENT FLAG

Just a few months later the opportunity arose to conserve a Revolutionary War–era flag belonging to the  
New-York Historical Society Museum and Library. The Third Company, Third Connecticut Regiment flag is 
made of a single piece of silk with a linen hoist binding. The two-sided painted design consists of Roman 
numerals “III” and a laurel wreath suspended by a red ribbon from a sword. The Third Connecticut Regiment 
was organized in 1777 and merged with the 4th Connecticut Regiment in 1881, providing a reliable four-year 
date range (Robertson 2016). 

The body of the flag was mostly sound with minor losses and splits occurring where the stiff paint met the 
flexible silk, similar to the Bucks of America flag. One painted laurel leaf had entirely separated and was 
upside down and in the wrong location. Luckily there were no adhesive patches or tape to remove, though the 
flag appeared to have been overpainted. 

3.1 TREATMENT
The Third Connecticut Regiment flag was humidified and realigned after surface cleaning with a high-

efficiency filtered vacuum on low suction. The flag was then placed face down onto a board and covered with 
silicone release film. Rather than stretch silk crepeline onto a cardboard stretcher, this time it was placed 
directly over the silicone release film and taped in place using green polyethylene terephthalate tape, which 
sticks to silicone release film (fig. 8). A 50% v/v solution of Plextol B-500 with filtered water was applied to the 
crepeline to correspond with the fragile painted and split areas of the flag (fig. 9) [note 3]. To avoid needing to 
hem the silk crepeline, a line of adhesive was painted around the perimeter of the underlay to allow for a 
clean-cut edge. When the adhesive was dry, the crepeline was carefully peeled off the silicone release film, 
realigned over the back of the flag, and adhered with a tacking iron (fig. 10). The perimeter of the crepeline 
was trimmed carefully before it too was tacked to the back of the flag. The flag was flipped face up and the 
loose fragments were individually glued into place. After mounting to an aluminum honeycomb panel, the 

Fig. 8. Reverse of the Third Connecticut Regiment flag covered by silicone release film followed by silk crepeline.
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Fig. 9. Self-stenciling the silk crepeline underlay for the Third Connecticut Regiment flag.

Fig. 10. Applying the silk crepeline underlay to the back of the Third Connecticut Regiment flag using a tacking iron.

flag was given a powder-coated welded aluminum frame. The Third Company, Third Connecticut Regiment 
flag was returned to the New-York Historical Society and displayed in the 2016 exhibit The Battle of Brooklyn 
(fig. 11). 
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3.2 EVOLUTION OF THE TECHNIQUE
This second application of self-stenciling to the lining of a Revolutionary War–era flag was as successful as 

the first, with variations in technique that made it even more time-efficient. The crepeline underlay was taped 
to the same board that the flag was on, eliminating unwanted movement during adhesive application. The flag 
could be mounted with less stitching than was used for the Bucks of America Flag because the lining was 
adhered not just behind painted areas but also around the perimeter and behind splits and tears (fig. 12). 
Measuring just 74.9 cm × 87.6 cm (29.5 in. × 34.5 in.), the Third Connecticut flag is less than half the size of 
the first flag treated, allowing conservators to rely more on the pressure of the acrylic and reduce the amount 
of necessary stitching. For both flags, repositioning the adhesive lining even after it was tacked in place was 
made possible by the low-tack nature of the adhesive bond.

4. OTHER APPLICATIONS FOR SELF-STENCILING 

Curiosity about whether self-stenciling could save time and manipulation in other textile lining projects led 
conservators to test the method twice more. In one case it was successful and in the other case it was not. 

4.1 THE ABIGAIL ADAMS APRON
Self-stenciling was used successfully to conserve a silk apron belonging to the New Hampshire Historical 

Society that is said to have been worn by Abigail Adams. The apron was damaged along the proper-right side 

Fig. 11. The Third Connecticut Regiment flag after conservation.
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Fig. 12. Adhesive diagram for the Third Connecticut Regiment flag.

Fig. 13. Front and back of the Abigail Adams apron, before conservation.

from extensive light exposure leading to physical instability, loss of material, and color change (fig. 13). 
Because the silk disintegrated easily when stitched, an adhesive lining was the best option for stabilizing the 
apron enough to allow for display. A sheer underlay of brown polyester Stabiltex was found to provide the 
best support and color compensation in areas of loss. 
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The two ties were removed from the upper corners, followed by a piece of trim that was stitched over the 
gathered top edge. The apron was flattened out and pinned face down onto a plastic-coated board. After 
moistening and finger blocking the apron to correct distortion, silicone release film was placed over the back 
of the apron. The brown Stabiltex was then taped down over the textile. A 50% v/v solution of Plextol B-500 
with filtered water was painted onto the Stabiltex wherever there was surviving silk on the apron, leaving no 
adhesive to show behind areas of loss (fig. 14). The silicone release film was carefully lifted off the apron and 
placed on another surface to dry. The adhesive lining was tacked to the back of the apron with a tacking iron 
and the perimeter was trimmed with scissors. When the lining process was complete, the apron was flipped 
over and a piece of brown nylon net was stitched to the front to completely sandwich it for support. The apron 
was once again gathered and the original trim was hand stitched into place. The ties were reattached at the top 
corners and support pillows were inserted below the gathers (fig. 15). 

4.2 THE LITTLE COLONEL DRESS
A silk taffeta costume worn by Shirley Temple in the 1935 film The Little Colonel was brought to MTS in a 

state of near-complete failure. Chemical degradation, light exposure, and extensive handling had caused the 

Fig. 14. Polyester Stabiltex underlay for the Abigail Adams apron after adhesive was applied. The apron is still damp from 
blocking.
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silk to powder and split in all directions. Approximately 20% of the original silk was missing or not suitable to 
reuse in the conservation treatment. A solution was needed, therefore, to consolidate the remaining pieces of 
the dress onto a new silk lining so that the dress could be reassembled and displayed. 

A 16-mm silk habotai was chosen as the lining fabric and dyed a suitable shade of ecru using Jacquard 
acid dyes. A test was set up to try self-stenciling over an area of loss on one of the skirt panels. The original 
material was flipped face down and covered with silicone release film. The dyed silk lining fabric was taped 
over the area being tested. Because of the opacity of the silk habotai, it was not possible to see where areas of 
loss existed on the skirt panel and where the adhesive solution should be painted, and self-stenciling was not 
used. 

5. CONCLUSIONS

Self-stenciling proved useful for creating extremely accurate adhesive linings for fragile textiles with complex 
patterns of damage. Rather than applying adhesive to the entire support fabric, the textile itself was used as a 
guide to paint adhesive only where needed so it does not show through areas of loss. Extremely accurate 
adhesive application is possible with both silk crepeline and polyester Stabiltex due to their transparency and 
dense weave structure. Precise alignment of the adhesive lining to the textile was made easier by the use of a 
low-tack solution of Plextol B-500, which is repositionable without needing to be reheated or remoistened. 

Fig. 15. The Abigail Adams apron after conservation.
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SO YOU WANT A REVOLUTION? AN INNOVATIVE LOW-TACK ADHESIVE TREATMENT FOR 
18TH CENTURY SILK FLAGS

Adhesive treatments are sometimes seen as a last resort for textiles that cannot be conserved by other meth-
ods, in part because reversibility can be questionable. With this technique, a fully reversible, minimally visible 
adhesive lining can be safely used to extend the life of worn and venerated textiles.
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NOTES

[1]  The “JGWH” initials on the flag are now widely believed to be those of John Hancock’s son, John George 
Washington Hancock. Born in 1778 in Fairfield, Connecticut, “Johnny” was something of a mascot to the 
unit, and therefore it is fitting that Hancock had his young son’s initials painted on the flag. The initials 
prove relevant because they allow the flag to be dated tentatively to between 1780, when Hancock started 
his first term as governor, and 1787, when Johnny died after an ice skating accident.

[2]  This technique of painting individual fragments with a 50% solution of Plextol B-500 before adhering 
them in place onto the lining fabric works only with painted fragments. This adhesive solution will satu-
rate unpainted silk fragments, changing their color and appearance. 

[3]  During adhesive application, an undetected hole in the silicone release film allowed adhesive to leak onto 
the flag, wicking to the front of an area of unpainted silk. The adhesive was removed by applying a 50% v/v 
solution of 91% isopropanol and filtered water, blotting excess moisture, and then drying with a cool air 
dryer. 
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BEVA D8 and BEVA film
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Tel: (973) 927-4855
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Green PET Tape (polyethylene terephthalate)
Uline
21575 Uline Drive
Pleasant Prairie, WI 53158
Tel: (800) 295-5510
Fax: (800) 295-5571
www.uline.com

Polyester Stabiltex/Tetex in limited colors and quantities
PlastOk Associates, Ltd. 
75–77 Market Street 
Birkenhead, Merseyside 
CH41 6AN UK 
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Fax: + 011 44 151 650 0073
www.plastok.co.uk

Aluminum honeycomb panel, UV-filtering acrylic, and welded aluminum frame
SmallCorp., Inc.
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www.smallcorp.com

Cotton poplin
Philips-Boyne
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Tel: (631) 755-1230
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www.philipsboyne.com

Jacquard acid dye
Dharma Trading Co.
1805 South McDowell Boulevard Ext.
Petaluma, CA 94954
Tel: (800) 542-5227
Fax: (707) 283-0379
www.dharmatrading.com
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ABSTRACT—In recent years, the study of material culture has increasingly included techniques based on 
DNA sequencing. This article describes the mitochondrial DNA (mtDNA) sequencing and subsequent identi-
fication of mammal skins present in a Malawian garment. Three different sampling techniques were used to 
obtain tissue from 12 locations on the object, including a noninvasive sampling method recently developed 
for the study of parchment that was applied in this investigation. The sequence data obtained were matched 
against the online reference database GenBank, providing the identities of the species used in the construc-
tion of the garment. Published studies on primate phylogenetics enabled the likely geographic region of origin 
to be established for one set of samples. As an item of dress in a museum context, DNA contamination from 
human sources presented a challenge to properly identifying the mammalian species of interest. Aspects of 
the method developed to overcome this problem are described and the results, which indicated that at least 
seven species were used in making the object, are discussed. The rationale for using this method and the sam-
pling considerations and techniques are discussed.

IDENTIFICACIÓN DE LAS PIELES MAMÍFERAS PRESENTES EN UNA PRENDA DE NGONI DE 
MALAWI MEDIANTE ANÁLISIS DE GENOMA MITOCONDRIAL

RESUMEN—En los últimos años, el estudio de la cultura material ha incluido cada vez más técnicas basadas 
en la secuenciación del ADN. Este artículo describe la secuenciación del ADN mitocondrial (ADNmt) y la 
posterior identificación de las pieles de mamíferos presentes en una prenda de Malawi. Se utilizaron tres téc-
nicas de muestreo diferentes para obtener tejido de 12 ubicaciones en el objeto, incluyendo un método de 
muestreo no invasivo desarrollado recientemente para el estudio del pergamino que se aplicó en esta investig-
ación. La secuencia de datos obtenida se comparó con la base de datos de referencia en línea GenBank para 
identificar las especies utilizadas en la prenda. Los estudios publicados sobre filogenia de primates permiti-
eron establecer una región geográfica de origen probable para un conjunto de muestras. Como un elemento 
de vestimenta en el contexto de un museo, la contaminación por ADN de origen humano presentó un desafío 
para identificar adecuadamente las especies de interés de los mamíferos. Se describen los aspectos del método 
desarrollado para superar este problema y se discuten los resultados, que indicaron que se utilizaron al menos 
siete especies para hacer el objeto. Se discuten las razones para utilizar este método, así como las consideracio-
nes y técnicas de muestreo.

IDENTIFICATION OF MAMMAL SKINS PRESENT IN AN NGONI GARMENT FROM MALAWI 
USING MITOCHRONDIAL DNA ANALYSIS

ANNE PERANTEAU AND LARA SHEPHERD

1. INTRODUCTION

The investigation of the regalia described in this article (fig. 1) took place in the context of a survey of the 
Museum of New Zealand Te Papa Tongarewa (Te Papa) International History Collection, which consists of 
approximately 2000 items from Asia, Africa, and the Americas. Only a small portion of this collection is 
associated with anthropological fieldwork; much of it has ties to missionary activity undertaken by New 
Zealanders overseas or was acquired with larger collections of Māori and Pacific ethnographic material. The 
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objects typically have geographic rather than specific cultural attributions and are not well described or 
researched. 

Conservation survey activities included documentation of materials and the condition for each item, as 
well as imaging objects as needed to increase levels of knowledge and access. Basic rehousing was carried out 
where needed. The museum’s database and online collections platform were updated with information on 
materials and, where possible, cultural attribution.

The waist garment was donated to the museum in 1936 by George Day, a Wellington resident and senior 
member of the Church of Christ. It was displayed in the museum’s ethnology gallery shortly thereafter [note 1]. 
Paper labels attached to the object describe it as a witch doctor’s outfit from Nyasaland [note 2]. Text accom-
panying this display, accessed in the museum’s archives, reveals that the garment was interpreted as a repre-
sentation of pan-African, rather than culturally specific, practice: 

In Africa, the Medicine Man, or Witch Doctor, combines in himself the functions of lawyer, doctor, and priest…
Mystery and secrecy hide this knowledge from the ordinary person and so give the Witch Doctor his wide power. 
He disguises himself to induce a sense of mystery and suspense…The Witch Doctor’s outfit exhibited is an heir-
loom added to by each generation. It is used only on ceremonial occasions and is regarded with great awe by the 
superstitious natives. (Phillips 1936)

Fig. 1. The two components of the regalia GH024605 (sporran) and GH024606 (waist garment).
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The label describes the materials as “tails of the sacred black and white monkey.” 
Both the sporran and the waist garment use the same range of pelts, although the latter has a greater 

diversity. None of the pelts had a mixture of black and white fur. Further study of the hair fibers and skins was 
pursued to confirm the hypothesis that a wide range of species was used, possibly including primates alluded 
to in the 1930s display text. 

Alongside the materials investigation, research established that the garment is associated with the Ngoni 
culture. While the species identification work was not directly responsible for this attribution, the geographic 
region of origin of some of the samples is consistent with the cultural attribution. This and the more compli-
cated question of the witch doctor assignation are returned to in the Conclusions section. 

2. OBJECT DESCRIPTION

The regalia consists of two components, a waist garment and a smaller accessory, referred to on the paper 
label as a sporran. The waist garment measures 80 cm long × 95 cm wide × 8 cm deep and features a variety 
fur pelts varying in length from 20 to 73 cm that are secured to a waistband. There are approximately two 
pelts per 2.5 cm along the waistband, resulting in more than 100 pelts in total; it weighs 5 kg. Similarities in 
patterning and coloration among these allowed them to be grouped into 11 fur types. Sampling locations were 
identified to represent each of the 11 groups.  

With the exception of a single, narrow strip of skin placed at center back, the animals’ skins have been 
scraped and elaborately cut (fig. 2). These cut shapes subsequently curled to form cascading tiers of tassel-like 

Fig. 2. Detail of one pelt showing the pattern of cuts made to produce the curled tassel shape.
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forms. It is unknown if any substance was applied to the skins to preserve them; they are slightly pliable rather 
than brittle. The waistband consists of a top, bottom, and central cord, each made of between 14 and 25 plies 
of z-spun cotton. The pelts are fixed in place along the waistband with the central cord as it interlaces between 
the top and bottom cords. On the exterior of the waistband there are 11 torus-shaped embellishments consist-
ing of a ring of either spun cotton thread or strips of woven cloth, wrapped with tightly coiled strips of skin. 
These adornments are attached to the waistband with 2S-ply bast fiber thread. 

The second, smaller component measures 65 cm high × 25 cm wide × 7.5 cm deep. It has a T-shaped 
hide component foundation, 12.5 cm high × 5 cm wide. Pelts are drawn through small holes placed around 
the entire perimeter of this. At the top of the T, on the exterior, there is a spherical adornment covered with 
what appears to be a type of flattened reed. Over this is a latticework of predominantly blue glass beads, con-
nected with a simple linking technique using bast fiber thread (fig. 3).

Initial examination of the hair fibers from both components was carried out using the gelatin scale cast 
method (Appleyard 1978). Root and tip regions of coarse and fine fibers were examined using visible light 
microscopy at 200x and 400x magnification. Hairs were also mounted in glycerin so that the medullae could 
be characterized. The primary goal was to compare the hair fibers with each other to establish a diversity of 
species. Precise identification of each was precluded by the absence of published photomicrographs and suit-
able references for comparison (fig. 4). 

The waist garment has suffered from insect grazing and there are several skins that have lost significant 
amounts of fur. When the tassel shapes of the skins were examined and carefully unfurled for assessment, 
heavy deposits of frass and casings were observed in most of the recessed areas. No traces of inorganic 

Fig. 3. Detail of the beaded spherical adornment worn at center front. 
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pesticide residues were detected when the object was analyzed using handheld XRF. Handwriting on the stor-
age box indicates that the garment was likely frozen at some point in the 1980s or 1990s to halt any potentially 
active infestation.

3. DNA ANALYSIS

3.1 RATIONALE
DNA analysis of the skins offered the possibility of identification based on comparison with sequence 

information from GenBank (Benson et al. 2013), an open-access online reference database containing DNA 
sequences for more than 250,000 species. Several factors were considered in the decision whether to pursue 
this research.

Information obtained through the investigation would be valuable for updating and increasing the level of 
understanding of this object. The presence of extinct or critically endangered species might help to date it, and 
sequence data could potentially link the skins in the garment with a geographic region of origin. Phylogeo-
graphic research—the study of geographic distribution of genetic groups (clades)—carried out on New Zealand’s 
endemic kiwi birds had demonstrated the ability of genetic sequence information to establish a likely geo-
graphic region of origin for feathers used to make traditional Māori cloaks (kahu kiwi) and bags (kete), from 
museum collections across New Zealand and the United Kingdom (Hartnup et al. 2011). If any of the species 
used in the African garment had similar population data, another layer of information could potentially be 
obtained. 

Additionally, the research would provide an opportunity to test less invasive sampling methods, so that 
protocols for a wider variety of Te Papa’s collection items (beyond natural history specimens) could be estab-
lished. The pest damage to the object meant that sampling small fragments, approximately 2 mm2, would not 
significantly alter the condition of the object. Results would be shared with curators of related collections and 
relevant source community members to maximize the value of the information obtained.

Finally, the object was not associated with specific, known, living individuals in the source community. 
This is not to say that had this been the case, DNA analysis would have been precluded, but to underscore that 
consent of those descendants would be considered essential. 

Fig. 4. Gelatin scale casts of the root region of coarse hair fibers, shown at 200x. From left to right, these fibers correspond with 
samples later identified as wildcat, serval, slender mongoose, vervet or Malbrouck monkey, and yellow baboon. 
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3.2 mtDNA ANALYSIS 
Ancient or historic DNA (aDNA) studies usually rely on the DNA found in the mitochondria. Whereas there is 

only one nucleus per cell, there are thousands of mitochondria—hence the relative ease of extracting aged and frag-
mented DNA sequence information from them. The polymerase chain reaction (PCR) is directed with the use of 
primers. These attach to the DNA sequence of interest and direct the enzymes responsible for copying to increase 
the amount of target genetic material from <0.01% of a sample to more than 99% of a sample (Saiki et al. 1988). 

Proteinaceous materials that have successfully yielded mtDNA include leather (Vuissoz et al. 2007), 
parchment (Campana et al. 2010), gutskin (Tjiong and Levinson 2012), hair (Higuchi et al. 1988), feathers 
(Hartnup et al. 2011), and baleen (Eastop and McEwing 2005). The mtDNA resides in the remnants of body 
tissues associated with collagen and keratin proteins such as hair and feather follicles. There is no reliable cor-
relation between the visual appearance of a sample, or even its age, and the likely success of obtaining genetic 
information from it. Factors such as prior storage environment and applied preservation treatments, such as 
formalin, can cause the DNA to become fragmented (Zimmerman et al. 2008). This lessens the chances of 
success when trying to obtain intact copies of a gene, although use of next-generation sequencing technolo-
gies has overcome these limitations in some cases (Gilbert et al. 2007). Past conservation treatments such as 
pesticide application, cleaning, and consolidation all have largely unknown and potentially deleterious effects 
on the integrity of the DNA (Eklund 2012). 

The risk of contamination of samples with exogenous DNA is high and should be anticipated, particularly 
for objects with a history of being worn in close contact with the body and handled in a museum setting 
(Thomas 1994). The use of a laboratory dedicated to analysis of aDNA that is fully isolated from both modern 
DNA and the synthetic copies of DNA made by PCR amplification lessens the risk of contamination of samples 
from modern sources. In this research, it was unknown which species were present; therefore DNA primers 
were used that would broadly amplify across all mammals. Because these primers would also copy human DNA, 
an additional primer that blocks the amplification of human DNA was used. By contrast, studies in which lim-
ited numbers of known species are analyzed (such as the kiwi feather research referenced earlier, Hartnup et al. 
2011) use primers specific to those species so that only the DNA of the species of interest is obtained. 

The sampling and analysis methods used in this investigation are described in the next section.

4. METHODS

4.1 SAMPLING AND EXTRACTION
Twelve different locations were selected for sampling (figs. 5, 6). These included 11 pelts with extant fur, 

representing the diversity of color and patterning seen in the garment plus a sample removed from the thick 
T-shaped hide foundation piece. Disposable gloves were worn for sampling and changed between samples. 
Three different DNA sampling methods were tested. For all pelts, a piece of tissue 2 mm2 or less was removed 
with a fresh sterile razor blade. Hair samples were taken (~10 hairs per sample) from all except the T-shaped 
hide. In the last method, adapted from Fiddyment et al. (2015), a Staedtler Mars polyvinyl chloride eraser was 
gently rubbed on the flesh side of the skins (fig. 7) and eraser fragments were collected into microcentrifuge 
tubes; the sampled area was surface cleaned with a dental aspirator to remove any remaining eraser particu-
lates. Subsequent steps taken to isolate the DNA were the same for all sampling methods.

All DNA extractions and PCR setups were performed in a dedicated aDNA laboratory, physically isolated 
from areas where modern DNA and PCR products were handled. Potential contamination was monitored for 
by the use of negative extraction and PCR controls.
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DNA extractions were performed with a DNeasy Blood and Tissue Kit. The skin, hair, and eraser frag-
ments were incubated for 3 hours in Buffer ATL and proteinase K on a 50°C heating block. After incubation 
the manufacturer’s instructions were followed, except that the final elution used 45 µL of Buffer AE and was 
spun through the column twice (i.e., the first elution was placed back on the column and spun through a  
second time). 

4.2 PCR AMPLIFICATIONS AND mtDNA SEQUENCING
Preliminary PCR trials revealed the presence of contaminating human DNA in some of the DNA extracts; 

therefore a blocking primer approach was used to prevent its amplification. The 16Smam1, 16Smam2, and 
16Smam_blkhum3 primer set from Boessenkool et al. (2012) was used to amplify a short fragment (91–95 
base pairs [bp] in length) of the mitochondrial 16S gene. PCR amplifications were performed in 12-µL 

Fig. 5. Sampling locations on waist garment GH024606.
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volumes containing 1× MyTaq Mix, 0.4 µM each of 16Smam1 and 16Smam2, 2.0 µM of the blocking primer 
16Smam_blkhum3, and 0.04 µg human serum albumin. Thermocycling followed the protocol of Boessenkool 
et al. (2012), except that only 35 amplification cycles were run. 

PCR products were visualized by electrophoresis on a 2% MS/1% LE agarose gel, then purified by diges-
tion with 1 U shrimp alkaline phosphatase and 5 U exonuclease I at 37°C for 15 minutes, followed by inacti-
vation of the enzymes at 80°C for 15 minutes. DNA sequencing was performed by capillary separation on an 
Applied Biosystems 3730 DNA Analyzer at the Massey Genome Service (Palmerston North, New Zealand).

For several of the pelts, the 16S sequence alone was not sufficient to definitively identify the source taxon 
(species or subspecies). For these, additional DNA sequences from more informative DNA regions for which 
reference sequences were available were obtained. For wildcats, a 138-bp fragment of the ND5 gene was 

Fig. 6. Sampling locations on smaller component GH024605.



Textile Specialty Group Postprints Volume 27, 2017 27

ANNE PERANTEAU AND LARA SHEPHERD

amplified using novel primers (FelisND5F 5′ CAACCACGATTCAATACCTTG and Felis ND5R 5′  
CACGGCAAGAGCAGTTAGTTT) designed in Primer3 (Untergasser et al. 2012) using sequences from 
Driscoll et al. (2007). For baboons, a 74-bp variable fragment of the cytochrome b gene was amplified using 
the BabCytbF (5′ TACGTACTCCCATGAGGCCA) and BabCytbR (5′ GGGTCCGCCTCAAACTCATT) 
primers designed in Primer3 using sequences from Zinner et al. (2009). Finally, the primers HERP-cytb-41L 
and HERP-cytb-204H (Gaubert and Zenatello 2009) were used to amplify a 124-bp cytochrome b sequence 
for mongoose.

PCR amplifications were performed as described for 16S, except that 0.5 µM of each primer was included 
but blocking primer was not. Thermocycling conditions were 2 minutes at 94°C, followed by 35 cycles of 94°C 
for 30 seconds, 50°C for 40 seconds and 72°C for 1 minute, ending with a final extension of 10 minutes at 
72°C. 

The identities of the DNA sequences obtained were investigated through BLAST (Basic Local Alignment 
Search Tool) searches. BLAST is an online tool that looks for similarity between a query sequence and those 
available in the GenBank database.

5. RESULTS

Results are shown in table 1. Further rationale for species identification is provided in the appendix. 
Sequences were successfully obtained from all skin samples, whereas hair and/or eraser sampling methods 

Fig. 7. A Staedtler Mars eraser is gently rubbed across the skin surface to obtain a sample for DNA analysis.
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Table 1. DNA Sequencing Results From 12 Components of a Garment From Malawi

Sample

Sampling 
Method

16S GenBank  
Accession  
Numbers

Other Loci  
GenBank  
Accession Numbers Species IdentificationTa Hb Ec

A Yd Y Y MF444948 MF444961 Wildcat, Felis silvestris (clade 4 [Driscoll 
et al. 2007])

B Y Ne N MF444945 n/a Wildcat, Felis sp.
C Y Y Y MF444949 n/a Civet, Civettictis civetta
D Y Y Y MF444950 n/a Serval, Leptailurus serval
E Y N N MF444951 n/a Vervet or Malbrouck monkey, Chlorocebus 

pygerythus or C. cynosuros
F Y Y N MF444952 n/a Vervet or Malbrouck monkey Chlorocebus 

pygerythrus or C. cynosuros
G Y N Y MF444953 MF444958 Yellow baboon, Papio cynocephalus 

(southern yellow clade [Zinner et al. 
2009])

H Y N N MF444954 MF444957 Slender mongoose, Galerella  
sanguinea

I Y Y N MF444947 MF444960 Wildcat, Felis silvestris (clade 4 [Driscoll 
et al. 2007])

J Y Y N MF444946 MF444959 Wildcat, Felis sylvestris (clade 2 [Driscoll 
et al. 2007])

K Y Y Y MF444955 n/a Cow, Bos taurus
L Y n/a n/a MF444956 n/a Cow, Bos taurus
aT = skin tissue removed
bH = hair
cE = eraser fragments
dY = 16S sequence obtained
eN = 16S sequence not obtained

yielded information for 8 of the 11 locations sampled. The 16S sequences that were obtained for each of the 
pelts were identical regardless of the sampling method. Species were identified based on the 16S sequences 
alone, or by subsequent comparison with information obtained from a second locus (ND5 or cytochrome b). 

For two of the species identified, African wildcat (Felis silvestris lybica) and yellow baboon (Papio cyno-
cephalus), more specific information about the geographic distribution of genetic subgroups (clades) enabled 
these skin samples to be linked to discrete regions in southern and eastern Africa (Driscoll et al. 2007 and 
Zinner et al. 2015, respectively). Of these two, the baboon sample was most informative because it was linked 
with the smallest geographic region, including the region of Malawi that is east of the Shire River and exclud-
ing Zimbabwe and Zambia (formerly Rhodesia) (Zinner et al. 2015).
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6. CONCLUSIONS

The result obtained for each of the sampled skins is consistent with the macroscopic appearance of the fur and 
correlates with a habitat range that includes Malawi. By overlapping the distribution maps of the seven spe-
cies, a “hot spot” can be identified that defines the region from which the materials present in the garment 
might collectively originate. The baboon sequences allow sample G to be placed into a clade (phylogenetic 
subgroup) associated with a smaller discrete area within this region. Although the object predates the phylo-
genetic studies by approximately 100 years, this conclusion remains valid because the spatial distribution of 
these baboon lineages is unlikely to have changed over the past 2000 years (Zinner, pers. comm.). When 
inferring the origins of historic objects using contemporary phylogeographic data, changes in species distri-
butions, including population extinction, should be taken into consideration. For species that are now extinct 
over most or all of their former range, information about past species and clade distributions can be obtained 
by comparison with DNA from ancient specimens from the areas of interest. 

The PVC eraser sampling method was not as successful in yielding sequence data as the removal of tissue 
fragments. However, when results were obtained they matched those obtained from the skin fragments; like-
wise for the hair samples. This shows that, in this case, contact between adjacent pelts has not resulted in cross 
contamination. The curled forms of the “tassels” have protected the sampled locations to some extent from 
contact with adjacent fur and skin material. 

Animal skin garments are worn in both Chewa and Ngoni forms of dance (Birch de Aguilar, pers. 
comm.). However, the beadwork decoration present on the smaller component of the Te Papa garment estab-
lishes it as Ngoni and connects it to the beadwork traditions of the Zulu-speaking people of southern Africa 
(Van Wyk 2003; Tracey, pers. comm.). When worn, the beaded sphere of the smaller component is positioned 
at center front. In the early 19th century, as a consequence of the Zulu wars, the Ngoni migrated north from 
South Africa and settled in the region around Lake Nyasa. The findings in this study show that at least the 
smaller component of the regalia was most likely made some time after this migration.  

Margaret Read, a British anthropologist working in Nyasaland in 1934–1939, described the dress of Ngoni 
warriors going into battle wearing garments fashioned from goat pelts with white fur and izinkondo, hides cut 
to resemble tails (1956, 32). These descriptions indicate that animal skin garments were widely worn in Ngoni 
society, and that at the time the garment was collected, the identity of the species used likely signified status of 
the wearer or context. For example, lion and leopard skins and claws were reserved for the clothing and acces-
sories of chiefs with the highest status, whereas those of other animals, such as baboon and monkey skins, 
would imply the wearer had lesser status but nevertheless the required skill and cunning to outwit and kill 
these creatures (Mazibuko, pers. comm.). Today, skin garments are still worn for a dance called ingoma; the 
skins used—such as goat, cattle, and wildcat—are those that can be purchased from vendors at a marketplace. 
When this garment was collected, the ingoma dance was performed by young men and women during harvest 
season (Read 1956); today it is understood as being an expression of Ngoni identity and is worn at political 
occasions, such as Malawi Independence Day, and at traditional engagement ceremonies (Mtotha, pers. 
comm.).

The disparity between Read’s description of warriors’ dress recorded at the time and the Te Papa garment 
may indicate that the latter is that of a diviner/healer. However, the witch doctor attribution must be regarded 
as having some implicit bias—the donor was a Christian missionary and the object was displayed as evidence 
of the practices of “superstitious natives.” It is made up of izinkondo, rather than uniformly colored larger 
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skins; pelts with white fur were identified as being from the African wildcat rather than the “sacred black and 
white monkey” listed on the 1930s label. Some species found in the Te Papa garment, such as cat, civet, and 
mongoose, can be found in other Ngoni objects with divination associations in other collections—for exam-
ple, a civet skin collected in 1987 in the Chichiri Museum, Blantyre, Malawi, used for ceremonial practices 
[note 3]. The civet is one of a subset of animals overrepresented in African arts and dress because of its 
boundary-crossing or liminal characteristics, which associate them with the ability to mediate between the 
known and unknown (Roberts 1995; Bovey, pers. comm.). The presence of cowhide is consistent with the cen-
tral importance of this animal in Zulu-speaking cultures: cattle were regarded as liaisons with the divine, 
linked to both wealth and the ancestors. Cow skins were used for a variety of protective functions—from bat-
tle shields to wrappings for the dead (Read 1956). The cloth adornments, wrapped in cowhide, affixed to the 
waist of the Te Papa garment may have conferred status on and protection for the wearer.

The DNA analysis described herein has shed light on the materials of Ngoni dress as well as contributed to 
a fuller understanding of Te Papa’s collections and this type of object more broadly. However, until further 
examples are studied, it remains unknown whether the dress of the diviners in Ngoni society consistently 
used the same animal species found in the Te Papa garment, and whether this contrasted with dance dress 
worn by men without this societal standing. The techniques presented herein may be useful for further eluci-
dating this question. 
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APPENDIX

The 16S locus was successfully amplified from all 12 skin samples removed from the pelts. In contrast, of the 
11 pelts sampled for hairs and with eraser fragments, only 7 and 5 yielded 16S PCR products, respectively. 
Four of the specimens’ species could be identified with the 16S sequences alone (samples C, D, K, and L). 
Samples K and L had identical 16S sequences to cow (Bos taurus). The 16S sequence from C was identical to 
African civet (Civettictis civetta), which has no close relatives. The sequence from sample D differed by 1 bp 
from the serval (Leptailurus serval) sequence on GenBank, but this is likely to be the correct identification 
because this is the sole species in the genus. 

For the remaining specimens, the 16S sequences obtained were unable to definitively identify the species 
of origin because they were either identical for several species or differed by several base pairs from the closest 
GenBank sequence. Samples A, B, I, and J each had 16S sequences that have been found in three subspecies of 
cat (Felis silvestris silvestris, F. silvestris catus, and F. silvestris libyca). An additional ND5 sequence was able to 
be amplified for three of these samples (A, I, and J), which matched that of Felis silvestris silvestris. In addition, 
samples A and I shared an ND2 sequence, which placed them in mitochondrial clade 4 from Driscoll et al. 
(2007), whereas the sequence from J was placed in clade 2. 

Samples E and F shared a 16S sequence identical to that found in two closely related species of African 
monkey: the Malbrouck (Chlorocebus cynosuros) and vervet (C. pygerythrus). Additional mtDNA sequences 
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were not sought for these samples because mtDNA sequences from these species do not match taxonomy 
(Haus et al. 2013).

The 16S sequence from G was identical to GenBank sequences from three species of baboon (Papio cyno-
cephalus, P. kindae, and P. ursinus). The cytochrome b sequence from this sample was identical to Zinner 
et al.’s (2015) clade 5 of southern yellow baboons (P. cynocephalus) from southeast Tanzania and south Malawi 
east of the Shire River. 

The 16S sequence from H was most similar to that from Egyptian mongoose (Herpestes ichneumon)  
but it differed by 2 bp. The additional cytochrome b sequence obtained was identical to that of slender  
mongoose (Galerella sanguinea), and differed from Egyptian mongoose by 12 bp and from black mongoose 
(Galerella nigrata) by 6 bp. 16S sequences were not available from GenBank for either slender or black  
mongoose. 

NOTES

[1] A photo of the waist garment on display was featured in The Auckland Star, July 16, 1936.
[2] Nyasaland was a geopolitical entity (1907–1964) corresponding to present-day Malawi.
[3] See also British Museum Af1922,1114.30; Af1922,1114.31; and Af1922,1114.33. 
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ABSTRACT—In 2016, exploratory research evaluating common methods used to characterize foxing on tex-
tiles was undertaken by the author as a postgraduate intern at the Canadian Conservation Institute. The proj-
ect involved a literature review exploring foxing and related degradation phenomena on textiles, a survey 
distributed to textile conservators around the world, and case-study testing on a foxed textile. UV fluores-
cence observation and adenosine triphosphate/adenosine monophosphate (ATP/AMP) bioluminescence test-
ing were compared for their ability to identify microbiological activity in foxing stains. Levels of 
microbiological activity were found not to correlate with levels of ultraviolet fluorescence. XRF spectroscopy 
and bathophenanthroline strip testing were compared as methods for characterizing iron-catalyzed degrada-
tion in foxing. Although trace amounts of iron were detected, XRF analysis did not find the iron content to be 
higher in foxing spots. The textile did not test positive for reactive iron ions by bathophenanthroline strip test-
ing, indicating that the foxed textile was not at risk of iron-catalyzed deterioration.

LA CARACTERIZACIÓN DE FOXING EN TEXTILES

RESUMEN—En 2016, el autor realizó una investigación exploratoria para evaluar los métodos comunes uti-
lizados para caracterizar el foxing en los textiles, como pasante de posgrado en el Instituto Canadiense de 
Conservación. El proyecto incluyó una revisión de la literatura sobre el fenómeno de foxing y la degradación 
relacionada en los textiles, una encuesta distribuida a conservadores de textiles de todo el mundo y un caso 
práctico sobre un textil con foxing. La observación de fluorescencia ultravioleta y la prueba de bioluminiscen-
cia adenosín trifosfato/adenosín monofosfato (ATP/AMP) se compararon por su capacidad para identificar la 
actividad microbiológica en las manchas de foxing. Se encontró que los niveles de actividad microbiológica 
no se correlacionan con los niveles de fluorescencia ultravioleta. La espectrometría de XRF y pruebas con 
bathofenantrolina se compararon como métodos para caracterizar la degradación catalizada por hierro en el 
foxing. Si bien se detectaron pequeñas cantidades de hierro, el análisis de XRF no encontró que el contenido 
de hierro fuera más alto en las zonas de foxing. El textil no arrojó resultados positivos para los iones reactivos 
de hierro mediante la prueba de bathofenantrolina, lo que indica que el textil con foxing no estaba en riesgo 
de deterioro catalizado por hierro.

THE CHARACTERIZATION OF FOXING ON TEXTILES

SOPHIA ZWEIFEL

1. INTRODUCTION

“Foxing,” a term used to describe yellow to brown spotted staining, has long been researched and debated in 
the paper conservation literature and has been attributed to fungal activity, metal ion–catalyzed degradation, 
localized moisture condensation, or a combination of these factors. Although a visually similar phenomenon 
is frequently observed on textiles and the term foxing has been adopted by textile conservators, it has not yet 
been sufficiently characterized in a textile context. Existing literature on foxing is wide-ranging, and investiga-
tions into the chemical nature and causes of this type of degradation follow often-conflicting streams of 
research. Despite significant research and analysis on foxing, there seems to be no clear consensus on its 
cause. This ambivalence, along with overly general application of the term foxing as a catchall, has caused 
some convolution in how foxing is characterized and therefore treated.
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The plenitude of paper conservation research is a tremendous resource for textile conservators, but it still 
remains to be determined which correlations can and cannot be made between foxing on paper and foxing on 
cellulosic textiles. An initial study of foxing on textiles was necessary—one that explored the methods cur-
rently used to assess foxing and attempted to clarify foxing research in textile conservation. 

An exploratory research project was undertaken as part of the 2016 postgraduate internship in textile 
conservation at the Canadian Conservation Institute (CCI). The author carried out the project under the 
supervision of CCI textile conservator Renée Dancause. The project began with a literature review of existing 
foxing research to demarcate the common ground between paper and textile conservation and which factors 
specific to textiles may require the issue to be considered differently. To supplement this, a survey was distrib-
uted to conservators around the world in an effort to establish how most textile conservators use the term fox-
ing, and gauge the magnitude of this issue for textiles in heritage collections. A case study of a foxed 
study-collection tablecloth was then used to explore and evaluate the advantages and limitations of different 
characterization methods commonly used in the examination of foxing. 

2.  LITERATURE REVIEW 

The literature review initially covered roughly 30 years of conservation research on foxing stains, as well as 
related issues such as the treatment of iron oxide stains, mildew staining, and the formation of “brown line” 
staining at wet-dry interfaces on cellulosic textiles (Bogaty 1952). Because there was paucity of conservation 
literature regarding foxing specific to textiles, the review was expanded beyond the conservation sphere and 
examined the textile industry and dry cleaning industry literature for mention and discussion of foxing on 
textiles. Very little such material was found, and the cause of so little mention of foxing on textiles was ques-
tioned when it is ostensibly observed as a common issue in textile collections. This absence in the textile 
industry and dry cleaning industry literature seemed to suggest that foxing is not an issue for textiles that are 
still in regular use, but rather seems to be unique to heritage collections. More generally, foxing on textiles 
appears to be specific to textiles that are stored for extended periods of time. 

With this in mind, the focus of the literature survey turned to a non-museum context where textiles 
were routinely placed into storage for long periods: large Victorian households. Nineteenth century house-
hold and laundry manuals were studied in the hopes of finding mention of foxing in a textile context. 
Although the term foxing was never used in these texts, the term “ironmould” was found to closely match 
today’s interpretation of the phenomenon. This term seemed to perfectly encapsulate the debate and confu-
sion about metal versus fungal catalysts of foxing. In their book, Crinolines and Crimping Irons. Victorian 
Clothes: How They Were Cleaned and Cared For, Walkley and Foster (1978) describe ironmould just as tex-
tile conservators might describe foxing: as spotted discoloration formed on linens during storage, caused 
by damp conditions and fungal activity. However, their description is not consistent with all other refer-
ences to ironmould in 19th-century literature; the term seems to have been used widely to describe iron 
staining, mildew staining, and even ink spots. Nevertheless, advice on removing ironmould stains was 
often listed separately from these other types of staining, suggesting that it was conceived of as its own 
unique phenomenon.

The ancillary exploration into 19th-century household and laundry guides also highlighted some of the 
cleaning and finishing techniques used on historic textiles that may have contributed to the development of 
foxing. These practices further differentiate foxing on textiles from foxing on paper. General laundry  
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practices, such as the use of copper basins or the boiling of linens in iron or copper kettles (Malcolmsons 
1986), are certainly potential early sources of transition metal inclusions that could have catalyzed foxing. The 
starch finish frequently present on historical cellulosic textiles may also be a contributor to foxing develop-
ment in providing another food source for microbes. Additionally, starch may also foster an uneven absorp-
tion of moisture throughout the textile, resulting in localized degradation. Another example of a historical 
cleaning practice that could potentially have served as a contributing factor to foxing-like degradation is the 
process of “blueing” white textiles by adding dilute blue pigment to a final rinse bath after washing to counter-
act yellowing. Toward the end of the 19th century, most of the blues on the market were in fact Prussian blue 
pigments and dyes (Richards 1882, 78). Prussian blue, an iron-based mineral pigment, is a potential source of 
iron ions that could catalyze foxing. It is particularly sensitive to alkali, so a subsequent history of washing 
these blued textiles with alkaline soaps or other cleaning agents could potentially have resulted in the forma-
tion of brown spots similar to foxing. Ellen Swallow Richards actually warned against this latter phenomenon 
in the 1882 edition of her early home economics text, The Chemistry of Cooking and Cleaning: A Manual for  
Housekeepers (78).

Although the literature of the Victorian household provides insight into only one particular moment of 
Western domestic textile history, it shows the relevance of textile-specific properties to the research and 
assessment of foxing and emphasizes that the paper conservation literature can only go so far in explaining 
how this phenomenon manifests on textiles. 

3.  FOXING ON TEXTILES SURVEY

A survey about foxing on textiles was distributed on the Conservation DistList and the TexCons e-mail list in 
July 2016. The survey received a total of 28 responses from around the globe. The results confirmed that fox-
ing is in fact a common issue that affects textiles: roughly 76% of respondents who work with a medium to 
large collection observed foxing on approximately 2% or more of their textile collections. There is some 
debate among textile conservators whether the term, so closely affiliated with a paper degradation issue, 
should even be used to describe textiles. However, it was found that the term foxing, while apparently used 
regularly, is not used consistently among textile conservators. In fact, textile conservators do not even reserve 
the term foxing for cellulosic textiles, as 33% responded that they had observed foxing on silk and 15% on 
wool. 

The most-used description of foxing selected by survey respondents was also the most general: “localized 
brown spots.”  The survey made it clear that a more unified consensus is needed on what the term foxing 
should be used to describe on textiles. It was felt that the first step toward achieving this would be developing 
a clear, easy, and accessible means of characterizing foxing and related degradation patterns on textiles. The 
next phase of the project sought to begin this process by assessing foxing characterization methods using a 
case-study textile.

4.  EVALUATION OF CHARACTERIZATION METHODS THROUGH A CASE-STUDY TEXTILE

While evaluating foxing characterization methods, it was essential to keep in focus the larger context of how 
the characterization would be used from a practical conservation standpoint. Primarily, how would the char-
acterization most effectively assess levels of active risk associated with the foxing? An additional priority was 
to focus on the simplest and most accessible characterization methods possible for this goal and compare 
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their suitability to that of established but less accessible methods, such as XRF. While a full-fledged research 
project evaluating these methods across many samples would be tremendously useful, the benefit of a case 
study was that it created the opportunity to evaluate how useful different characterization methods are for 
informing the treatment decision-making process.

Throughout the exploration of characterization methods, it was noted that identifying the catalyst of the 
foxing would not necessarily provide a holistic view of the entire system in place that contributed to the tex-
tile’s degradation. Other factors, such as the presence of moisture, high humidity, acidic vapors, soiling, or 
other storage conditions, need to also be considered when characterizing the degradative process. Moreover, 
the initial cause of the foxing does not necessarily indicate the present, active, associated risks to the textile. 
For instance, according to Mary-Lou Florian in her article “The Role of the Conidia of Fungi in Fox Spots,” 
fungal conidia do not often remain viable for longer than 20 years (1996). Therefore in many cases of foxing, 
if fungal activity was the original catalyst, under correct environmental conditions the textile may no longer 
be at risk of this form of deterioration. Similarly, in the case of foxing stains catalyzed by metal ions, the pres-
ence of metal contaminants such as iron or copper does not necessarily mean that these metal inclusions are 
actively degrading the textile. As with iron mordants and iron tannate dyes, it is only when free, reactive iron 
(II) ions are present that iron-induced degradation will occur (specifically, when iron ions catalyze cellulose 
oxidation through reactions that promote the formation of hydroxyl and alkoxy radicals) (Neevel and Reiß-
land 2005). Identifying the presence of overall iron content in the foxed textile is therefore not enough to 
properly characterize whether the textile continues to be at risk. 

Identifying the root cause of the foxing may also not be particularly useful for targeting the treatment of 
foxing stains from an aesthetic standpoint. Even among those authors who agree that fungal activity is a root 
cause of foxing, there is some debate as to whether the actual discoloration of foxing spots is a result of stain-
ing from melanin pigments contained within the fungal structures and the enzymes they excrete (Aranyanak 
1995; Florian and Purinton 1995; Florian 1996; Nieto-Fernandez et al. 2003), or if the color is simply due to 
the oxidation of the cellulose catalyzed by the microbial activity (Biccheri et al. 2001; Missori, Righini, and 
Selci 2004; Choi 2007; Boruvka 2008). Similarly, it is necessary to differentiate between the approach for treat-
ing iron oxide staining (caused by the corrosion of iron inclusions or direct contact with adjacent corroding 
iron) and for discoloration caused by iron ion-catalyzed oxidized cellulose (which is a result of conjugated 
double bond systems formed during oxidation). 

4.1 FUNGAL ACTIVITY ASSESSED BY UV FLUORESCENCE AND ATP/AMP BIOLUMINESCENCE 
TESTING

To address the above-mentioned issues, two common methods presently used to diagnose foxing stains—
UV fluorescence and XRF—were compared to two alternative, low-tech, more accessible methods—ATP/
AMP bioluminescence surface hygiene monitoring and bathophenanthroline testing. 

The case-study textile is an embroidered tablecloth in the CCI study collection that exhibited foxing in 
localized areas (fig. 1). The tablecloth is white cotton, decorated with red and green embroidery. It was 
highly starched (confirmed by an iodine test) and had been stored folded, likely for quite some time. In  
general, the foxing was amorphous in shape, scattered, and localized to specific areas, primarily toward two 
corners of the tablecloth (fig. 2). Foxing spots were all yellow to brown in color but they varied greatly in 
depth of shade. Some of the foxed areas also suffered from overall oxidative yellowing, particularly along 
fold lines.



Textile Specialty Group Postprints Volume 27, 2017 41

SOPHIA ZWEIFEL

Fig. 1. Foxed case-study textile, Canadian Conservation Institute, 2016.

Fig. 2. Detail of foxing along proper left edge of tablecloth, Canadian Conservation Institute, 2016.
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Fig. 3. Detail of foxing on tablecloth under regular reflected light (left) and detail of same area under 360-nm ultraviolet 
illumination (right). Canadian Conservation Institute, 2016.

After overall visual inspection, pH testing, and microscopic examination, the foxed tablecloth was 
observed under a handheld UV light with a wavelength of 360 nm (fig. 3). The use of UV fluorescence is 
found throughout the literature as a method of identifying foxing (Derow and Owen 1992; Choisy 1997;  
Bicchieri 2001; Mina 2016). However, the utility of UV fluorescence in identifying fungal structures in foxing 
(at least without the use of specific fluorescent stains) has been questioned owing to inconsistencies in fluores-
cence behavior reported in literature (Florian 2000), and the similar fluorescence characteristics of oxidizing 
cellulose (Missori, Righini, and Selci 2004; Boruvka 2008). The foxing stains on the tablecloth fluoresced in 
varying intensities and in colors ranging from white to yellow to orange. Some spots that could not be seen 
under visible light could be seen by their fluorescence under UV, whereas some foxing spots seen in visible 
light did not exhibit any fluorescence. Under 20–40x magnification, none of the areas that fluoresced were 
found to have any visible fungal structures. Pigmented fungal structures are reportedly visible under magnifi-
cation as low as 20x (Florian and Purinton 1995). 

The results of overall UV examination of the foxing were compared with ATP/AMP bioluminescence test-
ing, using a Kikkoman Lumitester PD-30 and LuciPac Pens (fig. 4). The LuciPac Pen consists of a swab used 
to take a sample and a tube containing a luciferase enzyme. This enzyme is reactive to microbial activity and 
emits light when exposed to it. Once the sample is taken, the swab is inserted into the enzyme and shaken for 
1 minute. Then the LuciPac Pen is inserted into the Lumitester, which reads the resulting luminescence of the 
enzyme and measures its intensity in relative light units (RLUs). The RLU value of a sample can be compared 
to the RLU value of another sample or set of samples to determine their comparative microbial activity. To 
assess the foxed tablecloth, 24 samples of foxed areas and 14 background samples of unfoxed areas were 
tested. A template with a 3 cm × 3 cm opening was used to standardize the size of each sample area being 
swabbed (fig. 5). The LuciPac Pen swabs were consistently rolled 10 times in the warp direction and 10 times 
in the weft direction, using a uniform pressure.  

On average, ATP/AMP bioluminescence testing did find higher RLU readings in foxed areas versus 
unfoxed areas, indicating higher past or current microbiological activity. However, it is important to note the 
standard deviation of the testing: not all foxed areas were found to have high readings, and not all unfoxed 
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areas were found to have low readings (fig. 6), nor were the color and intensity of the foxing spots found to 
correlate with microbial activity levels. Rather, microbial activity could be more closely correlated to the loca-
tion of the sample spot on the textile. Samples taken on what would have been exposed outer surfaces of the 
folded textile while it was stored over long periods showed the highest readings. Readings progressively 
decreased through what would have been the layers of the folded textile. A similar phenomenon has been 
observed in books, in which three-dimensional structures of foxing stains have been linked to the stacks of 
printed quire sheets piled before being bound into books (Ligterink, Porck, and Smit 1991). Similarly, when 
the foxed tablecloth was refolded in its original folding pattern, the foxing spots lined up through the stratig-
raphy of the folded textile. This discovery highlighted the likely role of storage conditions and localized mois-
ture absorption or condensation in the development of the foxing. 

Although ATP/AMP testing did find higher microbial levels in foxed regions of the textiles, these higher 
levels were not generally consistent with fluorescence under UV. Foxing spots that fluoresced orange under 

Fig. 4. ATP/AMP bioluminescence testing using a Kikkoman Lumitester PD-30 and LuciPac Pens.
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UV—which, according to some authors is indicative of fungal activity—were not found to have higher RLU 
values than those areas that did not fluoresce. This does not mean that UV fluorescence is never a symptom of 
fungal activity, but it does demonstrate that fluorescence alone does not indicate an active fungal issue, as it is 
often related to other processes. Natalie Boruvka’s research published in 2008 demonstrated that the colors of 
UV fluorescence seen in foxing spots on paper are directly related to different stages of cellulose oxidation, 
specifically the progressive formation of conjugated double bond systems. The use of UV fluorescence to 
detect microbial activity in foxing stains is most aptly used during microscopic analysis using specific fluores-
cent stains that detect different fungal species under UV. 

Fig. 5. Swabbing a 3 cm × 3 cm foxing test with LuciPac Pen.

Fig. 6. Relative light unit (RLU) values (measuring relative microbial activity levels) by location and degree of foxing.
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4.2  IRON CONTAMINATION ASSESSED BY XRF AND BATHOPHENANTHROLINE TESTING 
To investigate the possibility of iron contaminants in the foxed tablecloth as a potential foxing catalyst, the 

textile was analyzed by both x-ray fluorescence spectroscopy and bathophenanthroline strip testing. Batho-
phenanthroline strip testing was performed first, following the procedure outlined by Vuori and Tse (2005). 
This test method is extremely useful in assessing foxing stains because of its ease of use and low cost. Further-
more, it tests specifically for iron ions (iron(II) ions that are not bound and are responsible for catalyzing cel-
lulose oxidation) rather than overall iron content (which is what XRF detects). All eight of the 
bathophenanthroline tests performed across the textile tested negative for iron ions. 

For comparison, XRF spectroscopy was performed on the case-study textile at CCI by conservation scien-
tist Jason Anema (fig. 7). Readings were taken in 10 locations, covering 6 foxing spots and 4 spots that did not 
exhibit any foxing (fig. 8). Zinc, iron, calcium, and potassium were found to be present in the tablecloth in low 

Fig. 7. XRF spectroscopy of foxed tablecloth, using an Artax spectrometer equipped with a rhodium target x-ray tube, using a 
40-kV tube voltage, a 1-mA tube current, and a 120-second collection time.
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levels, but levels in foxing spots were not found to be any higher than in unfoxed areas. This showed that the 
foxing was not directly related to iron content in this particular case. However, an iron peak was still present 
across all of the test locations, with count levels similar to some listed in recent foxing literature. Because XRF 
analysis is a semi-quantitative technique, providing only a general and relative idea of how much of an ele-
ment is present, a known sample was required to put the detected iron peak into context. A laboratory-
induced iron oxide stain on a different sample textile was analyzed for this purpose. Readings were taken of a 
spot of a color and color density similar to the foxing spots analyzed on the tablecloth. The iron signal of the 
sample iron oxide stain was roughly 100 times stronger than the iron signal of the foxing spots on the table-
cloth. This put into perspective that although iron was found to be present on the foxed tablecloth, it was not 
present in quantities that would pose a similar risk to cellulose as do iron stains. Levels were so low in com-
parison that it is even possible that the iron found on the tablecloth was simply a component of surface soiling 
or dust. 

The negative bathophenanthroline tests, in addition to the low levels of iron detected by XRF, led to the 
conclusion that iron was non-reactive, and therefore did not pose an active degradation issue for this textile. 
Stabilization methods, such as those involving chelators, were therefore not considered necessary for its even-
tual treatment. The use of chelators to reduce the aesthetic or visual appearance of the foxing spots was also 
ruled out, as the discoloration of the spots was attributed to cellulose oxidation rather than iron oxide 
staining.

5. CONCLUSIONS

The literature review and survey on foxing included in this project provided an essential framework for char-
acterizing foxing on textiles. It offered insight into the magnitude of the foxing problem in textile collections, 
its potential causes, and its associated textile phenomena. The comparative case-study assessment of different 

Fig. 8. Detail of XRF measurement location on an individual foxing spot.
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characterization methods found that UV fluorescence and XRF spectroscopy are less suitable for identifying 
active degradation associated with foxing than are ATP/AMP bioluminescence testing and bathophenanthro-
line testing. While low levels of iron were detected by XRF, the risk posed by reactive iron ions was ruled out 
through bathophenanthroline testing. UV fluorescence was found not to directly correlate with microbial 
activity levels measured by ATP/AMP testing. Furthermore, it remains unclear whether the slightly higher 
microbial levels detected in foxed areas was a cause of the foxing, or an effect of the higher pH, soiling, and 
moisture content of the oxidized cellulose in the foxed regions, providing more viable conditions for micro-
bial life. The microbial activity levels found on the foxed tablecloth were not deemed to be at levels dangerous 
to the textile, and could be addressed by traditional, low-intervention methods such as high-efficiency particle 
air (HEPA)–filter vacuuming, maintaining a stable display environment, and careful consideration of storage 
materials and conditions.  

Perhaps the most useful features of the two recommended characterization methods outlined in this arti-
cle are their relative low cost and accessibility and their ability to identify the degradative agents that pose 
active risks to textiles. This, supported by a research framework considering foxing within a textile context, 
allowed for a clear and informed assessment of the foxed tablecloth that resulted in a straightforward and 
risk-based decision-making process for the treatment of the foxed textile.
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ABSTRACT—This article describes the conservation of the five original Winnie-the-Pooh stuffed animals, 
upon which A. A. Milne’s classic children’s stories are based. The stuffed animals were purchased by the 
Milnes at various points in the 1920s as gifts for their only child, Christopher Robin Milne. In 1947, the toys 
came to the United States in the custody of Milne’s US publisher with whom they remained until 1987, when 
they were donated to the New York Public Library. In 2015, spurred on by multiple loan requests, the library 
sent the toys to the Textile Conservation Workshop for evaluation and treatment.

The toys had been thoroughly repaired sometime before acquisition by the library, and many of these 
repairs had faded to colors drastically different from the original plush. Using historical documentation and 
empirical evidence, the repairs were sorted into those made by the Milnes and those made afterward. The 
decision was made to remove and replace nearly all of the disfiguring repairs made after the toys left the  
custody of the Milnes. The result was toy animals that more closely resembled those immortalized in Milne’s 
classic books, making the connection between literary and object history more accessible to children and 
adults alike.

LA CONSERVACIÓN DE LOS PELUCHES DE WINNIE-THE-POOH

RESUMEN—Este artículo describe la conservación de los cinco peluches originales de Winnie-the-Pooh, 
sobre los cuales se basan las historias infantiles clásicas de A. A. Milne. Los Milnes compraron los peluches en 
varios momentos en la década de 1920 como regalos para su único hijo, Christopher Robin Milne. En 1947, 
los juguetes llegaron a los Estados Unidos bajo la custodia del editor estadounidense de Milne, con quien  
permanecieron hasta 1987, cuando se donaron a la Biblioteca Pública de Nueva York. En 2015, impulsada por 
múltiples solicitudes de préstamos, la biblioteca envió los peluches al Textile Conservation Workshop para su 
evaluación y tratamiento.

Los juguetes habían sido completamente reparados en algún momento antes de ser adquiridos por la  
biblioteca y muchas de estas reparaciones se habían desteñido a colores drásticamente diferentes al felpa  
original. Utilizando documentación histórica y evidencia empírica, las reparaciones se clasificaron en  
aquellas hechas por los Milnes, y las hechas después. Se tomó la decisión de quitar y reemplazar casi todas  
las reparaciones desfigurantes hechas después de que los juguetes salieron de la custodia de los Milnes.  
El resultado final fue que los peluches se asemejaban más a los inmortalizados en los libros clásicos de Milne,  
lo que hace que la conexión entre la historia literaria y los objetos sea más accesible para niños y adultos  
por igual.

OH, BOTHER: THE CONSERVATION OF THE WINNIE-THE-POOH ANIMALS

ALISON CASTANEDA

1. INTRODUCTION

Few realize that the brainless-yet-lovable Winnie-the-Pooh was inspired by an actual stuffed animal, as were 
his companions Eeyore, Piglet, Kanga, Roo, and Tigger (fig. 1). Unusual in children’s literature, the toys came 
before the eponymous literary characters, created by A. A. Milne and illustrated by E. H. Shepard. Currently 
under the custodianship of the New York Public Library, the toys form an important link between literature 
and material culture, having inspired both author and illustrator alike. 



Textile Specialty Group Postprints Volume 27, 2017 52

OH, BOTHER: THE CONSERVATION OF THE WINNIE-THE-POOH ANIMALS

2. THE CHILDREN’S BOOKS

Before he was a children’s author, A. A. Milne was a modestly successful playwright. However, he is best 
remembered for his children’s stories. Milne’s fi rst children’s book was a book of verse titled, When We Were 
Very Young, published in 1924. It had been previewed earlier that year in Punch magazine, and it was Punch 
who selected E. H. Shepard to illustrate the stories. 

On Christmas Eve, 1925, the fi rst Winnie-the-Pooh story premiered in the London Evening News. It was 
the fi rst in a series of nine stories that would be published together in October 1926, in Milne’s second 
children’s book, Winnie-the-Pooh. Another book of verse entitled, Now We Are Six, followed in October 1927. 
Th e second and last Winnie-the-Pooh book, and Milne’s fourth and last children’s book, was published in 
October 1928, under the name Th e House at Pooh Corner. 

3. ACQUIRING THE TOYS

Th e toy that would one day become known as Winnie-the-Pooh was fabricated by the Farnell Company and 
was an early example of their recently redesigned “Alpha Bear” model. Like all Alpha Bears, it was made with 
Yorkshire mohair and stuff ed with wood shavings and wood wool. Th e bear was sold through Harrods depart-
ment store, where it was purchased in August 1921 by Daphne Milne as a fi rst birthday present for her son 
Christopher Robin Milne.

Th e toy donkey, Eeyore, was received next, as a Christmas present. Th e exact dates of arrival of the other 
toys are unspecifi ed, although estimates can be gleaned from the chronology of A. A. Milne’s books and 
Christopher Robin Milne’s memoirs.

Piglet likely came next and was, as Christopher Milne wrote, “a present from a neighbor who lived over 
the way” (Milne 1998, 57). Unique from the other toys, Piglet appears to have been homemade, rather than 
store-bought. Th e date of its arrival can be estimated at sometime in late 1924 or early 1925. 

Th e literary Kanga and Baby Roo were the next arrivals to the Hundred Acre Wood, introduced to the 
three other animals in the seventh chapter of Winnie-the-Pooh. Th is chronology can be reasonably assumed to 
apply to the Milne household as well, putting their arrival at early 1926. 

Tigger was the last arrival and did not appear until Milne’s second Winnie-the-Pooh book, the House at 
Pooh Corner. Th erefore, it was likely purchased between 1927 and 1928.

Fig. 1. Winnie-the-Pooh, Eeyore, Tigger, Piglet, Kanga. Courtesy of New York Public Library.
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4. THE DRAWINGS

Many people worked in tandem to give the literary Pooh, Eeyore, Piglet, Kanga, Roo, and Tigger their personas. 
Inspired by the look of the toys themselves, Daphne Milne appears to have been the first contributor by giving 
them voices while playing with her son. A. A. Milne, observing these play sessions, created fully fleshed-out 
characters. And E. H. Shepard solidified their personalities with his drawings. Interestingly, Shepard drew the 
toys from life, on Milne’s insistence, meaning that all were closely inspired by the actual toys (Milne 1988, 158). 

5. LIFE WITH THE MILNES

The history of the Winnie-the-Pooh toys can be divided into three parts: life with the Milnes, time with  
Dutton publishing, and the current custodianship by the New York Public Library. 

Given the longevity of the toys, the first part was actually quite short, spanning the time from when they 
were gifted to Christopher Milne to when he left for boarding school in 1930 and they were put in a glass case 
in his former nursery.

Winnie-the-Pooh, as the oldest and most beloved of the toys, seems to have required the most mending 
while with the Milnes. Christopher Milne wrote in his memoirs how, “From time to time he went to the  
cleaners, and from time to time, ears had to be sewn on again, lost eyes replaced, and paws renewed” (Milne 
1998, 57). Daphne Milne, in a 1931 interview with the American magazine Parents, concurred, saying that 
now the Winnie-the-Pooh toy “was thinner and more shabby. His nose had been patched and he had been 
taken to the hospital for new paws” (Harrison 2011, 82). 

Piglet, too, had required repair. Christopher Milne recalled that his “face was a funny shape where a dog 
had bitten him” (Milne 1998, 59) and that the toy had further experienced the trials of being carried in a 
pocket to and from school. 

As for Eeyore’s neck, Christopher Milne wrote, “Perhaps in his younger days he had held his head higher, 
but by the time the stories came to be written his neck had gone like that, and this had given him his gloomy 
disposition” (Milne 1998, 57).

There is no mention of the other toys being repaired while with the Milnes, although it is recorded that 
the toy Roo was lost early on in an apple orchard (Milne 1998). After their placement in the glass case in the 
nursery, the remaining stuffed animals stayed there until 1947 when they were introduced to Elliott Macrae, 
the president of E. P. Dutton and Company, Milne’s American publisher. 

In their life with the Milnes, the toys served as companions and muses, and changes undergone at this 
time, such as Eeyore’s continually drooping head or Winnie-the-Pooh’s routine mending, informed the liter-
ary works. However, once they left the Milnes’ custody, they should have become unchangeable representa-
tions of literary characters. This was not the case. 

6. LIFE WITH DUTTON

Elliott Macrae, president of Dutton, visited the Milnes and requested permission to take the toys on a public-
ity tour across the United States to promote a new edition of the books. The Milnes agreed, on the condition 
that “they were not cleaned and returned to England in their present condition” (Harrison 2011, 89). This is 
notable because it emphasizes that the Milnes too saw the stuffed toys as immutable versions of their literary 
counterparts.
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In April 1947, the five toys came to New York. A press release from the time claimed they were insured for 
$50,000, equivalent to over half a million dollars today. Upon arriving, the toys were put in the care of  
E. Graham, who worked in public relations at Dutton. He would be their custodian for the next 40 years, until 
their donation to the New York Public Library. They were carted around the country by Graham, stowed in a 
custom-made canvas tote bag. They visited libraries, bookstores, department stores, and hotels. As early as 1952, 
however, this regimen was taking a toll on the aging toys. In January of that year, Graham wrote that “Kanga and 
Eeyore were in hospital” (Harrison 2011, 97). A month later, he wrote that “the toys had returned from the south 
in a very sad condition. They might need to be restored before finishing their tour” (Harrison 2011, 97).

On January 31, 1956, A. A. Milne died, having suffered a stroke over three years previously. Within the 
month, Dutton had agreed to purchase the toys from Daphne Milne for $2,500, or more than $20,000 today. 

In June 1956, the publisher consulted with a taxidermist from the American Museum of Natural History 
in regard to restoring the toys. It is commentary on how primitive the field of conservation was that the toys 
were being repaired by doll hospitals and taxidermists rather than conservators. 

In 1981, Dutton was purchased by Charles and John Dyson. John Dyson claims that shortly after the  
purchase, he inquired of the Victoria and Albert Museum whether they would like the five toys, and they 
declined. In 1986, Dutton was again purchased, this time by Penguin Books. Concurrently, John Dyson made 
the decision to offer the toys to the New York Public Library, saying that he “wanted to keep Pooh in the  
public eye and didn’t want him to become an asset that could be sold or auctioned” (Harrison 2011, 115). The 
toys were eagerly accepted and on September 11, 1987, an official presentation was given by Mayor Ed Koch.

7. DECISION MAKING 

A marked difference in the esteem in which the toys were held can be seen between the early and late 1980s. 
They went from being carted around in a tote bag for the sake of publicity to being offered to the New York 
Public Library as the culturally and literarily important objects that they are. Increased esteem aside, 40 years 
of marketing and travel had taken a toll on the toys. Their condition varied greatly, from Tigger, who was 
merely lopsided, to Eeyore, who was a hodgepodge of patches. 

In 2015, when the New York Public Library approached the Textile Conservation Workshop about a potential con-
servation campaign, they were motivated by a variety of concerns. First, the library had received multiple requests to 
lend the toys and wanted to ensure they were stable enough to travel. Second, they had received comments that due to 
their appearance, the toys looked uncared-for. And last, the toys’ significance was inextricably tied to Shepard’s draw-
ings of them. Although the stuffed toys preceded the drawings, it was the drawings that achieved celebrity and hence 
the toys were now beholden to their famous likenesses. Therefore, it was essential that they look like the drawings. 

Various treatment plans were developed in close consultation with the library, and ranged from stabiliza-
tion in their current condition, to complete replacement of all unsightly patches, the latter on the condition 
that a suitable replacement fabric could be found. 

The author was at first hesitant to undertake the more aggressive treatment plan favored by the library. 
These children’s toys did, after all, belong to a group of objects where mending and patching was considered 
endearing. And it was unknown when examination began which repairs were made by the Milnes and which 
were made by Dutton publishing. However, as examination continued and empirical evidence was gathered, 
the repairs began to sort themselves into the two categories. 

First, it was known that Dutton publishing had repaired the toys on multiple occasions, and reasoning 
placed the majority of the repairs in this category. With Dutton, the toys spent 30 years traveling the country 
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in a tote bag when they were already more than 20 years old. In comparison, they spent only between two and 
nine years as active companions to Christopher Milne, and this was when they were new. 

Second, the quality of the repairs varied greatly. When a toy beloved by a child is damaged, a parent will 
oft en try to repair the toy as exactingly as possible. Furthermore, skilled needlework was more widely prac-
ticed in the earlier part of the 20th century than the latter. Th erefore, it could reasonably be assumed that the 
attentive repairs were made by the Milnes, while the haphazard repairs were made by Dutton publishing. 
Moreover, the attentive repairs aligned with recollections by the Milnes of mending they had undertaken. 

Lastly, some repairs involved materials that clearly dated to aft er 1930. 
Once the repairs had reasonably been categorized as either having been made by the Milnes or Dutton 

publishing, a curatorial decision was made to return the toys’ appearance to what it had been when they left  
the Milnes and to replace nearly all the repairs made by Dutton. Th is would also necessitate removing the 
patches added during the 1987 treatment so that all patches were a consistent material.

Although the author was confi dent in the reasoning and reading of the empirical evidence, she was not, of 
course, certain. But in a stroke of luck, the author’s speculation was proved correct by the later discovery of 
photographs from 1950 (Skadding 1950a–c). Taken aft er the toys had been acquired by Dutton publishing, 
but before any mention of repairs had been made, the photographs illustrate the condition the toys were in 
when they left  the Milnes. 

8. CONSERVATION

8.1 WINNIE-THE-POOH
When Winnie-the-Pooh arrived at the Workshop, it was observed that the right foot pad had been 

previously covered with nylon net. During treatment the snout and other foot pad and hand pads were 
covered as well. In addition, some loose yarns on the nose were couched down, and the plush fl attened from 
years of sitting was addressed with light steam and gentle teasing (fi g. 2).

Fig. 2. Winnie-the-Pooh, before and aft er treatment. Courtesy of  New York Public Library .
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Fig. 3. Piglet, before and aft er treatment. Courtesy of New York Public Library.

8.2 PIGLET
Th e library was particularly concerned about the patch on toy Piglet’s head. However, since the patch had almost 

certainly been added by the Milnes, the author did not wish to remove it. Th erefore, the sage green color was mediated 
with an overlay of brown crepeline. To avoid a dark line where the crepeline would have been turned under, the edges 
were instead pulled, leaving approximately 3 mm of fringe. Th is approach took advantage of the fl exible grain of the 
crepeline and the edge of the overlay was positioned so that it followed the edge of the green patch.

Th e fl attened state of Piglet’s snout was adjusted by humidifying it through Tyvek, and then sewing a 
thread loop through the nose and taping the end of the loop to a task lamp. Th e lamp was then raised, pulling 
up the thread loop and snout to a satisfactory position, where it was allowed to return to ambient humidity.

Also addressed was a 6-mm hole on the torso and horizontal slits at the fronts of both ankles. Th e torso 
hole was patched with a silk fabric and the ankle slits received crepeline overlays (fi g. 3). 

8.3 EEYORE
Well-fi tted to his character in Milne’s stories, the toy Eeyore was by far the most woebegone of the stuff ed ani-

mals. Th ere was a combination of darning, sewn plush patches, and adhered plush patches across its body, of at 
least fi ve diff erent materials. A treatment plan was developed in which the existing patches would be replaced 
with new patches of two parts: fi rst, a black cotton underlay patch extending beyond the edges of the loss, and 
second, a plug of plush cut to the exact contours of the missing area. However, as the true extent of the previous 
patching revealed itself, along with the acute fragility of the original plush, the necessary coverage of the black 
cotton underlay patches grew until in many areas they were required as an inner “skin” to keep the wood shav-
ings and batting in place, along with a layer of thin polyester heat-bonded felt to even out irregularities (fi g. 4). 

Th e fi rst patch to be removed was an adhesive patch on the underside of Eeyore’s proper right front leg. 
Beneath this patch, two more layers of patches could be found, each revealing slightly more of the original 
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Fig. 4. Eeyore in the process of receiving a cotton underlay patch that serves as an inner “skin”.

plush around its perimeter. Th roughout the treatment, this discovery informed the author’s decision to 
remove large patches in their entirety. It was soon found that what appeared to be multiple small patches 
across Eeyore’s body were actually singular larger ones, the largest of which wrapped almost entirely around 
the torso (fi g. 5). 

Fig. 5. Eeyore, with the extent of the previous patching revealed.
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Fig. 6. Eeyore, before and aft er treatment. Courtesy of New York Public Library.

Because of the sheer number of patches across its body, the successful treatment of Eeyore depended 
almost entirely on finding a plush fabric that was a good match. An entire day was spent in Manhattan’s 
Garment District, scouring stores from large to small. The best match was ultimately an alpaca plush. 
However, it did not have the aged yellow overtone or the matted texture required. It was therefore 
decided to overpaint the new fabric. A combination of Jacquard textile paint and Liquitex acrylic paints 
was used. Using a medium-bristled brush, the paint was applied to the plush with forward and backward 
strokes, both with and against the grain of the pile. After it had been allowed to dry very slightly, a stiff-
bristled brush was drawn along the grain of the pile to both lightly comb it and fix it in a matted, down-
ward direction. After the paint had dried completely, it was set with an iron as instructed by the 
manufacturer.

Nearly all the patches were replaced in this way, necessitating the removal of Eeyore’s eyes and ears to 
access patches beneath them. Only the patches on the feet were left  in place. Th is was done for three reasons. 
(1) Th e drawings suggest that Eeyore’s feet had originally been accented with a diff erent material. (2) Th ey 
were adhesive patches on an especially degraded area of plush. And (3) it was desirable to leave in place some 
evidence of the extensive patching done by Dutton. Lastly, Eeyore was entirely encapsulated with net, to pro-
tect the still-friable original plush (fi g. 6).

8.4 KANGA
Aft er Eeyore, Kanga was the most disturbing of the toys, largely because of the overlong beige-patched 

neck, which furthermore tilted to one side. During examination, the neck patch was partially removed, 
revealing only a minimal amount of original plush. Th is suggested that the neck could potentially be short-
ened by almost 4 cm. Although drastic, this would not only mediate the problem of the tilting neck, but also 
give it proportions closer to those in the original drawings. It was therefore decided, in close consultation with 
the library, to proceed with shortening Kanga’s neck. Aft er the neck patch had been entirely removed, it could 
be seen that the contours of the original plush on the bottom of the head matched those on the top of the 
neck, strengthening the supposition that the neck had originally been considerably shorter (fi g. 7). Th is was 
later confi rmed by the 1950 photographs. 
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More beige patches were removed from behind the arms, and when replaced with underlay patches of 
black cotton and plugs of the same customized plush used on Eeyore, the out-splayed arms returned to the 
front-facing position illustrated in Shepard’s drawings. Smaller beige patches on the backs of the legs and just 
above the tail were left  in place as a record of its journey with Dutton publishing.

Lastly, Kanga’s plush, too, was encapsulated in nylon net (fi g. 8).

8.5 TIGGER
Although lopsided and seemingly faded, Tigger was in otherwise excellent condition. However, at the 

time of treatment, the Library was in negotiations to lend the toys to other institutions and therefore 
requested that Tigger be encapsulated in nylon net to protect his otherwise secure plush from abrasion during 
transport (fi g. 9). 

Fig. 7. Alignment of the contours of the plush on Kanga’s neck.
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9. MOUNTS

Because the fi ve stuff ed animals are on constant display, support mounts were of the utmost importance. 
Although Winnie-the-Pooh, Eeyore, and Piglet had mounts, some changes were requested by the library, in 
addition to new mounts for Kanga and Tigger. Winnie-the-Pooh’s mount would now have a slightly more 
reclined pose, to correct the tendency to lean forward. Eeyore’s mount would have an added neck support. 
Piglet’s mount would remain the same, but the metal would be coated with Paraloid B-72 to isolate the toy 

Fig. 8. Kanga, before and aft er treatment. Courtesy of New York Public Library.

Fig. 9. Tigger, before and aft er treatment. Courtesy of New York Public Library.
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from the unknown mount material. During examination, it was noted that Tigger’s head sagged slightly, caus-
ing undulations in the plush on the chest and stress on the plush on the back neck. A mount was therefore 
designed with a head support to correct this issue. Kanga was largely self-supporting; however, the possibility 
of lending the toys caused the library to be concerned about their handling. All mounts, therefore, were 
designed with a base to fully support the toys when lift ed. For Kanga, this constituted the entirety of the 
mount. Th e Workshop worked in conjunction with the mount makers Cornerstone to design these mounts, 
which Cornerstone then constructed from clear acrylic and metal. Areas where the toys sat were further pad-
ded with the loop side of Velcro strips to minimize fl attening of the plush. 

10. BOXES

Th e possibility of lending the toys also led the library to request new boxes. Custom boxes were ordered from 
Talas, and bottom trays were designed and made at the Workshop to work in conjunction with the newly made 
mounts. Tracings were made of the bases of the mounts and layers of blue board were cut with successively 
sized cutouts. Th e blue board layers were held together with double-sided tape before being wrapped in Tyvek. 
Lastly, a system of twill tape ties was designed to hold the toys both to their mounts and the bottom trays. Upon 
completion, the boxes holding the toys could be tilted up to 45° without causing the toys to shift  (fi g. 10).

Fig. 10. Th e stuff ed animals in their travel boxes.
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11. CONCLUSION

Even now, when one looks at the treatment photographs, they appear drastic, but as the author worked, she 
became increasingly confident that extraneous elements were being removed. Each new discovery supported 
the original categorization of the patches as either having been added by the Milnes or by Dutton publishing. 
It was heartening to see the scars from decades of use in publicity being stripped away and the toys returned 
to what they looked like when they inspired Milne and Shepard. No longer distracted by the faults in their 
appearance, viewers would be able to see the toys for what they were: treasured artifacts.
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ABSTRACT—This article describes a technique to create replacement chairback upholstery using Fosshape. 
Fosshape, a nonwoven polyester that can be manipulated into rigid three-dimensional shapes with the appli-
cation of heat, has been gaining popularity for the construction of custom mannequins. The treatment of a 
suite of Hepplewhite-style furniture, ca. 1790, from Schuyler Mansion State Historic Site, prompted investiga-
tion into its potential for use in upholstery conservation. The suite, consisting of eight upholstered shield-back 
armchairs and a sofa, has been on view in the “best parlor” of Schuyler Mansion since the house was opened 
to the public in 1917. In preparation for the upcoming centennial anniversary, a full treatment of the furniture 
was desired as the show covers and upholstery profiles were incorrect. Challenged by the compound curves of 
the frame in addition to the need for two conservators to create eight consistent and correct replacement 
backs, a method for casting Fosshape over a custom mold was developed. The resulting lightweight and self-
contained upholstery cake can be minimally attached to the frame and easily removed. This article reviews the 
development of the technique as well as considerations for future applications of Fosshape in upholstery 
conservation.

HACIENDO EL MOLDE: EXPLORANDO EL USO DE FOSSHAPE EN LA CONSERVACIÓN  
DE TAPICERÍA

RESUMEN—Este artículo describe una técnica para crear tapicería de repuesto para los respaldos de sillas 
con Fosshape. Fosshape, un poliéster no tejido que puede manipularse en formas tridimensionales rígidas con 
la aplicación de calor, ha ido ganando popularidad para la construcción de maniquíes personalizados. El  
tratamiento de un juego de muebles estilo Hepplewhite, c. 1790, del Sitio Histórico Estatal de Schuyler  
Mansion, provocó una investigación sobre su potencial para el uso en la conservación de tapicería. El juego, 
que consta de ocho sillones con respaldos de forma escuda y un sofá, ha sido vista en el “mejor salón” de 
Schuyler Mansion desde que la casa se abrió al público en 1917. En preparación para el próximo centenario, 
se deseaba un tratamiento completo de los muebles ya que la tela de la tapicería y sus perfiles eran incorrectos. 
Con el desafío de las curvas compuestas del marco, además de la necesidad de crear ocho respaldos de  
reemplazo correctos y consistentes, se desarrolló un método para fundir Fosshape sobre un molde a medida. 
La resultante tapicería liviana y autocontenida se puede unir mínimamente al marco y quitarse fácilmente. 
Este artículo revisa el desarrollo de la técnica, así como consideraciones para futuras aplicaciones de Fosshape 
en la conservación de la tapicería.

MAKING THE MOLD: EXPLORING THE USE OF FOSSHAPE IN UPHOLSTERY 
CONSERVATION

KIRSTEN SCHOONMAKER AND ABBY ZOLDOWSKI

1. INTRODUCTION

Upholstery conservation is sometimes the work of preserving original upholstery materials that remain on a 
frame, but it is often a project of creating something new to compensate for missing materials. New shapes 
can be achieved by building up layers of filling using techniques based on traditional methods. Alternatively, 
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the look of a lofted and stitched filling package can be created by shaping archival materials with physical 
properties far removed from woven textiles. A significant challenge is ensuring that these modern archival 
materials “read” through a show cover as layers of textile and hair, carefully sculpted by stitching. This article 
documents the use of Fosshape, a material currently used in costume display, to create custom upholstery 
packages for eight upholstered shield back chairs from a suite of 18th century furniture.

The investigation and initial work was undertaken as a 12-week Kress Fellowship at the New York State 
Bureau of Historic Sites under the supervision of textile conservator Deborah Trupin; the project was com-
pleted by textile and frame staff conservator Abby Zoldowski. The investigation began in 2014 as part of a 
larger campaign to restore the elegance of Philip Schuyler’s best parlor. 

2. BACKGROUND

The suite of furniture described in this article, consisting of eight armchairs and a sofa, comes from Schuyler 
Mansion State Historic Site in southern Albany, New York. Built between 1761 and 1765, the Georgian struc-
ture served as the city residence of Philip Schuyler, a prominent New York politician and leading figure in 
American society around the time of the American Revolution. The estate was a center for military, business, 
and family affairs and hosted notable guests including George and Martha Washington. As such, the city 
house was furnished in a manner to convey Schuyler’s status. Inventory and purchase records from the 1760s 
indicate Schuyler’s level of taste, including high-end wallpapers and a papier-mâché ceiling to be installed in 
the best parlor of his new home.

After Schuyler’s death in 1804, the estate, without its contents, was sold and/or leased to five different  
owners through the 19th century. The mansion was ultimately sold to New York State in 1914 and opened to 
the public in 1917. Since the house was first opened the best parlor, or “Hamilton Room,” has been a draw, as it 
was the site of the 1780 marriage of Elizabeth Schuyler to Alexander Hamilton. However, it should be noted 
that the current furnishing plan of the room, anchored by the suite of Hepplewhite-style chairs and sofa, reflects 
the later years of Schuyler’s residence, 1790–1804, when he was known to be redecorating (fig. 1). The original 
chairs and sofa, passed through the family, were offered to the site in two separate gifts in 1926 and 1934.

In 1948, the site underwent a major redecoration project. Executive consultant Elizabeth Holahan,  
decorating without any remnants of fabric dating to the Schuylers’ residence, pursued “local flavor.” She  
conducted her research by looking at fabric fragments in the possession of old Albany families. New materi-
als based on these designs were made or chosen from stock “and presented to the Mansion by Franco  
Scalamandré” (Comstock 1951, 37) for use throughout the house. The fabric selected for the sofa and  
armchairs was a “pale blue satin in a twilled weave, a reproduction textile of eighteenth-century inspiration” 
(Cunningham 1955, 35) and the upholstery work was done by the firm of Ernest Lo Nano, a prominent  
figure in mid-20th century historic preservation efforts, including those at Monticello and at Winterthur in 
partnership with H. F. du Pont.

By the late 1970s, however, the silk show covers had failed and were described in the object files as being 
“so brittle that in many areas they have broken, allowing stuffing materials to force their way out” (New York 
State Office of Parks, Recreation, and Historic Preservation 1979, 6). Research into primary sources and  
similar collections was presented to the Schuyler Mansion Advisory Board in July of 1979, and funding for 
new show covers was approved.

The chairs and sofa were recovered with a Brunschwig & Fils sprigged and striped cotton. This campaign 
also included stabilization of the crest rails, which required a complete stripping of the upholstered backs.
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3. INVESTIGATION OF UPHOLSTERY LAYERS

The 2014 campaign to recover the best parlor furniture began with a thorough investigation of the existing 
upholstery layers.

The seats of the chairs were built up on interlaced wide webbing tacked to the top of the seat rails. A jute 
base cloth was layered over the webbing, then pulled up and over the added edge roll filling. Curled hair  
filling was used for both the cake and the filling of the stitched edge rolls. The cake was secured with filling 
ties through the base cloth and webbing. Additional layers of hair were added on top of the seat cakes of all of 
the chairs, possibly to level out the seat decks. The upholstery cake was covered with a cotton plain-weave  
filling cover, which was tacked to the seat rails. A layer of cotton batting was added and the show cover was 
tacked and stapled to the seat rails to complete the upholstery (fig. 2).

Although all of the chairs had seat layers with similar stratigraphies, it was readily apparent that there 
were two different profiles. The first profile, visible on the four chairs gifted in 1926, had a high front edge roll, 
between 3 and 4 in. (7.6–10.2 cm) above the seat rail, with a deep gutter visible through the show cover. The 
profile of the four chairs donated in 1934 was characterized by a low and tight front edge roll that was in plane 
with the seat rail (fig. 3). 

Fig. 1. The upholstered shield-back armchairs and sofa from Schuyler Mansion State Historic Site closely correspond to plate 
10 from the Cabinetmaker and Upholsterer’s Guide, by George Hepplewhite, originally published in 1788. 
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Fig. 2. The seat upholstery layers revealed in the 2014 investigation.

Fig. 3. The four chairs gifted in 1934 had a low and firm front edge roll, in plane with the seat rail, as visible on the chair in the 
foreground. By contrast, the chairs gifted in 1926 were characterized by a taller front edge roll with tight stitching that formed 

a visible gutter above the seat rail, visible on the chair in the background. 
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The shield backs of all eight chairs were clearly modified in the 1979–80 campaign (fig. 4). The outside 
back and central strip of webbing were applied with a mixture of staples and tacks. The curled hair cakes were 
set into the inside back without any stitching and covered with either a cotton or cotton-polyester filling cover, 
followed by the sprigged and striped show cover. By 2014, the filling was gently swelling out from the frame 
and settling toward the bottom of the shields. Cut ties suggest that the extant hair cakes may have been previ-
ously held close to the base cloth with stitching. 

Of all the upholstered elements on the chairs, the arm pads revealed how much the overall silhouette of 
the chairs had swollen through generations of reupholstery. After peeling away the show covers, filling covers, 
and two layers of cotton batting, the original horsehair pads were found on the arms. Of the eight chairs, 
seven had remnants of their original linen covers in place. Additional layers of batting were simply laid on top 
of these pads and once the later generations of upholstery were removed, the slim, airy lines of the arms 
became legible.

The arms of the chairs had never been completely stripped, leaving a few surprises for the investigators. A 
fragment of original fabric was found on the proper left arm pad of the sixth chair examined. A ½ in. × ¾ in. 
(1.3 cm × 1.9 cm) scrap of yellow/gold figured silk damask was found in direct contact with the linen filling 
cover, held in place by a tack with a square shank and an irregularly shaped head. The finding of this fragment 
injected considerable enthusiasm into the project and was the starting point for subsequent discussions about 
the selection of a new show cover fabric. 

After investigating the current layers of upholstery on the chairs and finding 20th century configurations, 
the question was not just what the visible show cover would be. The desired profile also had to be determined 
and a plan for its creation devised. 

4. DEVELOPING A TREATMENT PLAN

The choice of a method to establish a profile is dictated by which of the under-upholstery materials are to 
remain. Layers that are original or significant must remain in place, but a profile adjustment may be required. 
If only modern materials remain and they distort the desired profile, they may be completely removed and 

Fig. 4. The shield back upholstery layers revealed in the 2014 investigation.
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reupholstery can begin from a blank frame. Regardless, the conservator must decide whether their buildup 
will use modern archival materials or traditional materials and methods. These choices may depend on the 
object in question, its future use, and the individual skills of the conservators. Ultimately, preserving the 
frame itself and any evidence of original under-layers found on the frame is the backbone of any approach. 
When working with a bare frame, the treatment methods are simpler and there are a variety of treatment 
methods.

For the Schuyler Mansion chairs, the only original materials remaining on the frames were the curled hair 
fillings and linen covers of the arm pads. Despite the lack of original seat and shield back profiles, it was not 
immediately apparent that completely removing the existing upholstery fillings was the appropriate course of 
action. The 1950 intervention was a significant moment in the history of the chairs and the house, and it was 
done with an eye toward restoring the historical silhouette. However, although the Lo Nano firm used  
traditional methods and possibly reconfigured old materials, the buildup of the chairs conformed to the tastes 
of the 1950s, most visible in the overstuffed arm pads. Though significant, this mid-century moment was not 
the one being interpreted in the ongoing portrayal of the house. Without evidence from the frame or an 
example of extant upholstery, the original Hepplewhite line drawing offered the clearest representation of the 
intended balance of frame and filling appropriate for the 1790–1804 interpretive timeline. Ultimately, the con-
servators elected to remove all of the 20th century upholstery and reupholster seven chairs and the sofa. One 
chair, currently in storage, was preserved with its Lo Nano–era upholstery intact.

4.1 DEVELOPING A TREATMENT PLAN: CREATING UPHOLSTERY SHAPES 
Knowing that reupholstery would begin from a bare frame, well-known approaches for creating mini-

mally intrusive replacement upholstery were considered. With bare seat rails, a common way to build profile 
is by carving an Ethafoam “mushroom” that sits on top of the seat rails and can be further softened and 
refined with layers of polyester batting. These types of Ethafoam inserts can also be used on vertical surfaces, 
minimally attached to the frame. This technique demands subtlety and knowledge of traditional upholstery 
techniques to create convincing shapes, as demonstrated in a treatment of an 18th century easy chair at Win-
terthur Museum (Anderson 1988) and the 1999 treatment of mid-18th century French chairs in the collec-
tions of the Detroit Institute of Arts and the Cleveland Museum of Art (Lahikainen 2001). An attempt at 
carving an Ethafoam shield back insert, however, proved how challenging it can be to create compound 
curves and an appropriate sense of density using subtractive modeling. Thus, alternative methods were also 
considered.

Alternatives to a solid Ethafoam insert are often based on a method similar to traditional upholstery, 
where the filling is built up in layers. The profiles of inside seat backs can be constructed by attaching sewing 
strips to the wood frame, using existing tack holes. Layers such as webbing, base cloth, and horsehair can be 
stitched to the strips. Stiff polypropylene mesh sheets or Nomex can also be used in place of webbing to act as 
the platform for upholstery layers. Wooden stretcher frames made of softwood can also be made to fit the 
chair’s seat back and act like a subframe, held in place with brass clips attached into the corners. Traditional 
stitched upholstery can then be built up by tacking materials to the subframe (Eatman 2016).

In the course of discussing how to create upholstered chair backs, alternative materials were also con-
sidered. Upholstery caps with copper bases (Graves 2015) and carbon fiber cloth laminated with epoxy, 
developed by Nancy Britton at the Metropolitan Museum of Art, have been successfully used to create the 
subtle curves required to simulate stitched upholstery. However, recent articles and conversations about 
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Fosshape, a nonwoven polyester that can be molded with the application of heat and that becomes rigid as 
it cools, drew attention to a promising material in which to render customized curves in three dimensions.

4.2 DEVELOPING A TREATMENT PLAN: EVALUATING FOSSHAPE
Fosshape, in its unactivated state, presents and handles as a felt-like material and has been marketed as a 

“buckram replacement” (Wonderflex World 2017).  Composed of a proprietary blend of polyester polymers, 
specifically a polyethylene terephthalate, the Fosshape fiber has an inner core surrounded by an outer layer 
with a lower melting point. When heat is applied, the polyester with the lower melting point softens and con-
tracts, shrinking by up to 30%. As it cools, Fosshape hardens in its new conformation (Amnéus and Miles 
2012).

As part of the exploration of this new material and its appropriateness for use in proximity to museum 
objects, Fosshape has been subjected to Oddy testing and tested for harmful additives. The results indicate 
that Fosshape is safe to use near and in direct contact with objects (Amnéus and Miles 2012). Fosshape’s 
ability to retain its heat-set configuration was researched by Charlotte Gamper of Historic Royal Palaces. 
Her research suggests that “heat-set Fosshape fibers respond favorably to extreme RH environments with 
no significant effect in terms of loss in strength and ability to withstand deformation” (Gamper and Henni 
2015). 

Fosshape was appealing for the project at hand because it can be manipulated to fit the unique curves of a 
furniture frame in an approach similar to the use of a subframe. However, unlike the wood subframes men-
tioned previously, the textile qualities of Fosshape made it possible to imagine that if molded to the correct 
proportions, a second layer of Fosshape could also mimic the filling layers. The show cover and trim would be 
directly stitched to the Fosshape. The fact that Fosshape could be molded to match the curve of the inside 
back meant that it might be possible to complete the application of the show cover before attaching the filling 
to the chair. Additionally, with eight chairs to treat and two conservators at work, the creation of a mold for 
the Fosshape was a promising way to streamline the treatment and standardize the final appearance.

5. TREATMENT

After the creation of a promising mock-up of a Fosshape back using Fosshape 600, the decision to fully 
remove the seats and backs was approved. Both the seats and backs were stripped completely and the frames 
were stabilized as needed by furniture conservator David Bayne.

The extra layers of batting and cotton filling covers were removed from the arm pads until the linen filling 
covers were exposed. The arm pads were covered with washed Tyvek before the application of a new show 
cover in order to protect the remnants of original filling cover as well as to keep dirt from migrating to the 
surface. Sewing strips made of Nomex covered in cotton poplin were attached to the tacking edge in prepara-
tion for the application of the show cover.

The upholstery profile of the seats was created using an Ethafoam cap with a height of 1 in. (2.5 cm) above 
the seat and a subtle taper from front to back. The edges were sanded to create the desired bullnose profile of 
the edge roll and softened by the addition of three graduated layers of polyester batting. Nomex and cotton 
poplin sewing strips were attached to the seat rails, and a muslin filling cover was stretched over the cap and 
stitched to the strips.
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Although the treatments for the seat and the arm pads were fairly simple and based on well-established 
practices, the creation and application of the Fosshape seat backs required a good deal more experimentation.

To visualize the curve of the outside back, Reemay was draped into the frame and the tacking  
margins were marked. This became the pattern for the replacement outside back show cover and was 
compared to the outside backs previously removed for accuracy. However, heat-set Fosshape is more 
rigid than a textile, and a stiff template, cut from 18-pt. poster board, was used to simulate Fosshape’s 
rigidity. Experimenting with the curvature of the template revealed that a separate curve was necessary at 
the attachment point for the crest rail, which tilted back at a steeper angle (figs. 5, 6). Next, a cradle that 
replicated the curve of the outside back was created using a sheet of 1/16 in. (1.6-mm) plywood. Holes 
were punched along the sides of the plywood. Twine was strung between the holes and the tension was 
slowly changed so that the plywood took the appropriate curve to fit neatly into the frame. Once the 
curve of the plywood sheet matched the template, the twine was knotted, maintaining the curve, and it 
was further supported with sandbags.

To create a mold for forming the Fosshape, Crayola Air-Dry Clay, supported by a plywood cradle, was 
used. Two sheets of ¼ in. (6.4 mm) thick clay were rolled out and trimmed using the Reemay pattern. Air-Dry 
Clay is dry enough to use in a relatively clean laboratory and is conducive to additive modeling and fine- 
tuning. The mold-in-progress could be covered with a damp towel, even overnight, and still maintain work-
ability. This extended working time enabled a slow evaluation of the created shape, as well as an opportunity 
to seek input at multiple junctures. Given the limited adaptability of Fosshape once it has been heat-set, this 
slow design process provided some confidence that the shape produced would at least have the right volume 
and an even shape. Conversation during the molding of the clay led to the development of the suggestion of 
an edge roll in the form of a slight buildup at the edge of the shield back. Once the design was approved, the 
mold was left to dry uncovered at room temperature.

The Fosshape for the inside back, cut based on the Reemay template with added allowance, was laid over 
the appropriate face of the mold and worked first by hand to encourage the Fosshape to begin to conform to 
the topography (fig. 7). An industrial steamer was used to activate the Fosshape. Work moved from the center 
outward in an attempt to contract the Fosshape evenly around all sides. The outside back was cast from the 
back of the clay mold in a similar manner (fig. 8).

Once the two Fosshape pieces (fig. 9) were complete, polyester batting was layered into the void for sup-
port. The Fosshape inside and outside backs and the two layers were stitched together by machine or by hand. 
This stitching helped to reinforce and stabilize the desired height and angle of the edge roll. After stitching, 
the seam allowance of the inside back was trimmed to within ⅛ in. (3.2 mm) of the stitchline and beveled to 
reduce bulk in the very minimal tacking edge (fig. 10). At this point a test fit was conducted to evaluate the 
Fosshape package within the frame of the chair. By lightly pressing three tacks through the tacking margins of 
the Fosshape into existing holes in the frame, the Fosshape rested neatly in the frame. A muslin filling cover 
was applied to the outside and inside backs, with an additional thin layer of batting on the inside back to pre-
vent the formation of drag lines as the muslin settled into the curve of the Fosshape (fig. 11).

The Fosshape filling package was promising when temporarily placed in the frame, but a silk show cover 
is a great deal less forgiving than muslin. Ultimately, any flaws in the molding of the Fosshape can translate 
through to the show cover. The final curve of the inside back when set into the frame varied significantly 
depending on where the tacks were placed. The placement of the tacks was dictated by the location of the 
existing holes in the frame, making it impractical to attempt to fit the show cover away from the chair, which 
would have allowed a more ergonomic stitching position. 
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Fig. 5. Mapping the curve of the outside back.

Fig. 6. Below the crest rail, the inside back settles against a cone-shaped frame with a consistent vertical axis. Above the crest 
rail, the vertical axis tips back at a separate angle.



Textile Specialty Group Postprints Volume 27, 2017 74

MAKING THE MOLD: EXPLORING THE USE OF FOSSHAPE IN UPHOLSTERY CONSERVATION

Fig. 7. Fosshape over the mold in its plywood cradle.

Fig. 8. Molding the Fosshape with steam for the inside back (left) and the outside back (right).
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Fig. 9. The two pieces of molded Fosshape form a shell with the dimensions and shape of the upholstery profile. 

Fig. 10. Assembling the Fosshape filling package.
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Each conservator made different adaptations to achieve a successful profile. One approach was to apply 
the outside back show cover to the Fosshape package before tacking it to the frame. In the process of fitting 
the Fosshape package to the frame, adjustments were made by resetting some of the machine stitching line 
and further trimming and beveling the narrow tacking edges to fit the very shallow rabbet. After these 
modifications, the Fosshape shield back was tacked into the frame (fig. 12), and the inside back show cover 
was applied by stitching the silk directly to the Fosshape tacking edge, followed by the stitched application of 
the trim.

A second approach was to disassemble the Fosshape package and work with the layers independently. 
Nomex and cotton poplin sewing strips were created and tacked to the frame using existing tack holes. Start-
ing from the outside back, the outside back show cover was positioned, tensioned, and stitched to the sewing 

Fig. 11. Testing the fit of the Fosshape filling package.
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strips. Next, a layer of thin batting was added, followed by the molded outside back Fosshape. The Fosshape 
was also stitched to the sewing strips. This was followed by a filling layer of wadded batting placed in strategic 
areas. The top layer of the molded Fosshape was then placed and stitched to the sewing strips and finished 
with the addition of a smoothing layer of batting and a muslin cover. At this point the show cover was posi-
tioned and stitched to the sewing strips.   

6. ASSESSMENT AND CONCLUSIONS

Both approaches yielded an acceptable final profile and the authors feel that Fosshape is a promising material 
for future upholstery projects (fig. 13), with some adjustments to the working process. First, the clay mold did 
not properly define the shape of the Fosshape filling where it met the tacking edge, resulting in buckling of the 
rigid Fosshape. Further refining the mold at the point of inflection at which the filling package was intended 
to integrate with the frame might have simplified the process of tacking the Fosshape package to the frame. 
Second, Fosshape has the ability to bond to itself, eliminating the need for stitching to hold layers together. 
This property could be exploited to reduce bulk along the tacking edge. This approach may reduce the need 
for machine stitching and, consequently, the unnecessary seam allowance. 

Further possible applications for Fosshape in upholstery conservation include its use in the creation of 
caps to sit over extant upholstery, providing a protective profile tweak without interfering with original materi-
als. Additionally, the possibility of capturing the profile of extant upholstery with a three-dimensional scan is 
intriguing. This scan could be archived but also printed to create a mold over which Fosshape can be shaped. 

Creating successful replacement upholstery shapes will always depend on the skill and the knowledge of 
the conservator, but Fosshape—lightweight, moldable, and inert—has proven to be a useful new material to 
be considered in upholstery conservation treatments. 

Fig. 12. Fitting the Fosshape to the frame before the application of the inside back show cover.
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ABSTRACT—This essay describes custom upholstery mounting systems created for historic bed hangings 
belonging to two institutions in the state of Maine: the Woodlawn Museum, Gardens and Park, in Ellsworth, 
and Old York Historical Society, in York. The primary goal for both institutions was to safely display the 
recently conserved bed hangings within their respective institutions—one in a historic house and the other in 
a modern climate-controlled gallery. For both projects a contemporary methodology was used to produce 
effective upholstery hanging systems that synchronized conservation needs with institutional goals. The essay 
focuses on the relative technical concepts, auxiliary materials, and hands-on procedures that evolved during 
the process of preparing the two sets of bed hangings for display. Conservation treatment applications are 
described only as related to long-term display. 

DESDE ARRIBA ABAJO: VISTIENDO LA CAMA HISTÓRICA—DESARROLLO SISTEMAS DE 
MONTAJE DESDE UNA PERSPECTIVA DE CONSERVACIÓN EN EL SIGLO XXI

RESUMEN—Este artículo describe sistemas de montaje creados para colgaduras de cama históricas 
pertenecientes a dos instituciones en el estado de Maine: el Woodlawn Museum, Gardens and Park, en 
Ellsworth, y el Old York Historical Society, en York. El objetivo principal de ambas instituciones era exhibir de 
forma segura las colgaduras recientemente conservadas dentro de sus respectivas instituciones, uno en una 
casa histórica y el otro en una galería moderna con control de clima. Para ambos proyectos, se utilizó una 
metodología contemporánea para producir sistemas de colgar efectivos que sincronizaran las necesidades de 
conservación con los objetivos institucionales. El artículo se centra en los conceptos técnicos, los materiales 
auxiliares y los procedimientos prácticos que se desarrollaron durante el proceso de preparación de los dos 
juegos de colgaduras para exhibición. Los tratamientos de conservación se describen solo como relacionadas 
con la exhibición a largo plazo.

FROM THE TOP DOWN: DRESSING THE HISTORIC BED—DEVELOPING MOUNTING  
SYSTEMS FROM A 21ST-CENTURY CONSERVATION PERSPECTIVE

DEIRDRE WINDSOR

1. INTRODUCTION

It is rare that a textile conservation team has the opportunity to work simultaneously on two complex projects 
sharing precise conservation display criteria—but it is extraordinary when one project lends insight into the 
technical approach for the other. Between 2011 and 2017, Windsor Conservation in Dover, Massachusetts, 
had the opportunity to conserve two historically significant sets of early American bed hangings—the Black 
House’s 1827 best bed, from the Woodlawn Museum, Gardens and Park, in Ellsworth, Maine, and the 1730s 
Bulman bed hangings from Old York Historical Society in York, Maine. Both institutions planned to put the 
textiles on permanent exhibition following conservation, rather than placing them in storage. This demanded 
that the conservation team devise modern hanging systems that were both historically accurate in appearance, 
and provided appropriate support for long-term display. Although the two beds are distinctly different in style 
and construction, the solution that evolved in the process of working on the Woodlawn bed became critical in 
developing the system for Old York. 
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2. THE 1827 BEST BED: HISTORY AND CONDITION

The Woodlawn Museum’s best bed was commissioned in Boston in 1827 by Colonel John Black for his home 
in Ellsworth, Maine, and remains in the bedroom for which it was made (fig. 1). The bedstead and English 
cotton dimity hangings with silk fringe have survived relatively untouched for nearly 200 years [note 1]. As 
such, they offer scholars rare insight into the original assembly methods of tacking hangings onto lath and 
posts. A 2009 investigation into the best bed by specialty conservators resulted in a report that underscored 
the need for physical assessment, storage of the original materials, and possible reproduction before unique 
and valuable information was lost or further obscured (Larson, Mussey, and Spicer 2009).

Following consultations with American decorative arts scholars, however, Woodlawn’s executive director 
Joshua Campbell Torrance and governing board of trustees overwhelmingly elected to conserve, rather than 
reproduce, the 22 original pieces. However, it is hoped that the component parts will be reproduced before the 
required dimity fabric and silk fringe trim materials become unattainable. In 2011, Windsor Conservation 
assessed the condition of the bed hangings, provided a conservation treatment proposal, and devised a plan 
for their subsequent reinstallation. The textiles were deinstalled the following year, at which time the individ-
ual pieces were professionally photographed, and Natalie Larson of Historic Textile Reproduction, Williams-
burg, Virginia, made detailed construction drawings. Between 2012 and 2014, the hangings were conserved at 
Windsor Conservation studio in Dover, Massachusetts. Meanwhile, the bedstead was conserved in situ by Jon 
Brandon, of East Point Conservation, a Maine-based furniture conservation firm. The bedstead was in stable 
condition, so remedial cleaning and waxing of the wood and metal components were all that was required.

3. THE BULMAN BED HANGINGS: HISTORY AND CONDITION

In contrast, Old York’s crewel-embroidered bed hangings had been removed from their historic setting and 
were no longer associated with the original bedstead (fig. 2). Worked in wool on linen in the 1730s, the  

Fig. 1. The best bed (after conservation), commissioned by Colonel John Black, 1827. Woodlawn Museum, Gardens, and Park, 
Ellsworth, Maine, 2012.1-22. Courtesy of Walter Smalling Jr.
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hangings belonged to and probably were made by Mary Swett Bulman (1715–1791), of York, Maine. Believed 
to be the most complete surviving set of American embroidered bed hangings from the 18th century, they 
consist of four curtains, a head cloth, tester, inner valances, and outer valances [note 2]. In a glory decade, 
they were loaned to the Museum of Fine Arts, Boston, for the exhibition, New England Crewel Embroidery 
(1971), and to Yale University Art Gallery, New Haven, Connecticut, and Victoria and Albert Museum,  
London for American Art 1750–1800: Towards Independence (1976). These exhibitions positioned these 
extraordinary textiles squarely and prominently in the decorative arts realm.

The textiles have been on almost continual display since 1908, due in part to their acclaim and rarity. The 
textiles came to the museum without the original bedstead, and over the years a series of hangings systems—
including tacks, applied Velcro, and modern loops—have been used to hang them on a historically inaccurate 
bedstead. In the late 19th century, the exterior valances were sewn to the tester cloth to create a pseudo coun-
terpane (or bedspread)—and the inner valances were modified to fit the exterior to reveal an embroidered 
poem—Isaac Watts’ Meditation in a Grove (published 1706).

In 2012, Old York’s executive director, Joel Lefever, spearheaded a preservation plan for the textiles. He 
realized that not only had they suffered physically from more than 100 years of exposure in an unstable his-
toric house environment, but the textiles were limply draped on an improperly sized bedstead. The display 
bedstead was an anachronistic example of period furniture used merely as a prop, and therefore prompted 
reconsideration. Despite their extensive history of museum use and interventions, the Bulman bed hangings 
were in a remarkable state of preservation. In 2013, the bed hangings and bed were removed from display in 

Fig. 2. Mary Swett Bulman, The Bulman bed hangings (after conservation), 1730s. Linen with wool embroidery. Old York 
Historical Society, Gift of Miss Anna Everett, 1908, 1961.2.1-12. Courtesy of David Bohl.
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preparation for research and conservation assessment, and dye samples were collected with an eye toward 
future investigations. Treatment was undertaken in the Windsor Conservation studio between 2015 and 2017. 

4. DEVELOPING AND INSTALLING THE HANGING SYSTEMS

In both projects, methods of safely supporting and securing the original textiles were developed using a com-
bination of magnetic and supportive stitched extensions, as well as full fabric supports. Each project posed 
specific structural challenges relative to their bedstead and lath supports. Because an important curatorial 
mandate for the Woodlawn bed was to preserve evidence of previous tacking campaigns, a noninvasive 
mounting system to secure the textiles on an auxiliary frame evolved. In contrast, the Old York project 
allowed a variation on the original mounting design using fabric and magnets that were incorporated onto a 
modern bedstead, designed from a period prototype. 

4.1 THE 1827 BEST BED
For the Woodlawn bed hangings, a new tester lath was designed to fit within the original lath—which is 

the frame above the bed to which the hangings are attached. This new mortise-and-tenon lath has brass 
mending plates screwed into it that passively bridge across to the original lath, so it is maintained at the same 
level (figs. 3, 4). This new structure effectively ends the need to tack into the original furniture. Additionally, 
during the course of the treatment, the condition of the original tester cloth was reevaluated. Its overall 

Fig. 3. The best bed: tester frame, before installation, 2015. Courtesy of Jon Brandon.
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Fig. 4. The best bed: view of the new tester (left), and detail of its attachment to the old bedstead (right). Courtesy of Jon Brandon.

Fig. 5. The best bed: details of the magnetic hanging system. 

degraded condition, including a massive circular stain and extensive structural damage along the edges, made 
replacing the tester fabric with a reproduction a sustainable, more responsible option. The original was placed 
in storage.

To support all of the bed hangings on the new tester lath, a system was developed in which fabric exten-
sions were sewn to each textile. The extensions were secured mechanically onto the bedstead using rare-earth 
magnets [note 3]. This tack-free hanging system was engineered to ensure that original evidence of previous 
tacking would be left undisturbed. Rare-earth magnetic disks were placed approximately 25 cm apart on the 
top surface of the new tester lath, with a tighter concentration of them at each corner (fig. 5). The layers of 
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fabric extensions from the textiles—the inner and outer valances in this case—were secured in place between 
disc magnets. During the studio preparation, measurements for the extensions were calculated based on the 
original placement of each textile hanging from the lath to achieve the correct length and position on the bed. 
A full-scale mock-up was made of one corner of the original and new lath junctions to work out layering of 
the fabric extensions. 

For the new fastening system, a 2-cm channel was machine-stitched into the top fold of the custom-dyed 
cotton extensions attached to the valances and swags. This channel was made to receive long strips of Nomex 
tailored to easily slide in during the installation phase (fig. 6). Its material properties—thin, and flexible but 
rigid—were essential in creating a well-engineered hanging extension, which remains laterally stable over the 
full length of the valances. The valance panels average 35 cm wide and 350 cm long. The function of the 
Nomex channel is to prevent the system from sagging or scalloping between magnets due to its remarkable 
lateral stability. 

Before the installation of the bed textiles, various elements of the hanging system had to be prepared.  
This involved upholstering cotton fabric onto each of the three T-posts featuring the dramatic gilded metal 
cornices. The center of the corresponding swags, which previously had overlapped and been tacked on the top 
edges of the wood posts, would instead be stitched. 

The two-day installation of the textiles began by attaching the new tester cloth to the lath with stainless 
steel staples. The new cloth, while not a reproduction, was made from modern dimity, custom-dyed to match 
the original aged textiles. Beyond the fact that it is impossible to attain the same style dimity used in 1827, the 
tester is hardly visible. The head cloth had to be well supported and appear taut at the back of the bed head. 
Before conservation, it had been tacked to the back of the bedposts and to the top of the lath, so the challenge 
was to present it around the bedposts without fastening it into the wood. The solution was to sew the head 
cloth onto a trapezoid-shaped full cotton backing that anticipated the tapered bedposts, with corresponding 
Velcro fabric and hook made to meet together behind the head of the bedstead. The backing was tensioned 
from side to side and secured with the Velcro closure along the center back and secured with magnets over 
the top back lath (fig. 7).

Fig. 6. The best bed: detail of Nomex and channel. 
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The inner valance was constructed in one continuous 508-cm-long piece (fig. 8), and the outer valance 
was made in two pieces for a combined length of 528 cm. The inner valance was installed by lifting and sliding 
the extension between the bed laths. The fabric extension was folded over toward the edge of the new tester 
lath and temporarily attached with push pins during the installation. At each corner of the bed, these  

Fig. 7. The best bed: installing the head cloth and tensioning the back (left); and diagram of back supports (right). Courtesy of 
Laura Fecych Sprague.

Fig. 8. The best bed: view of the inner valance, during conservation, with the extensions attached. 
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Fig. 9. The best bed: details of the new magnetic hanging system, 2015 (left), and the original tacking system, 2012 (right). 

extensions were secured with a few staples as a measure to ensure tautness from end to end. Such a huge 
expanse of fabric in this case required a mechanical attachment to prevent it from slipping over time. At the 
foot-end corners, a diagonal seam was folded over on itself and hand-sewn over the top corners of the origi-
nal lath to create a three-dimensional box pleat. The outer valance was installed, adjusted, and placed under 
the same rare-earth magnet discs as the inner valance (fig. 9).

The festoon drapery is the most unique and dramatic feature of the best bed and its installation was akin 
to a grand finale. The first step was to insert the cornices into the original lath on the sides and foot of the bed. 
The swags were prepared with a two-part mitered fabric extension designed to meet together at the top of 
each corner of the lath over the valances. The detail of the cascades at the foot of the bed had a triangular 
extension, which, when sewn together, made box-type pleat corners over the installed swags. Once in place, 
the fabric corners were sewn together and secured with magnets. Each swag end overlaps onto the corre-
sponding cornices and is sewn onto the fabric-upholstered T-posts. 

Finally, following the placement of the counterpane, the curtains were installed. The original linen tape 
loops were sturdy, so hanging the curtains was easy compared with the rest of the components. Draping the 
bed with Tyvek sheeting on which the curtains were laid prevented friction or dragging from the counterpane 
up to preset corresponding hooks.

Now that the best bed has been conserved and reinstalled, it will be regularly inspected by a textile con-
servator to ensure that any changes are documented and treated if necessary. Routine collections care will 
involve pest control management, reducing cumulative light exposure through use of light-reducing shades 
and diligent light management, and vacuuming dust, which is inevitable in a house environment. 

4.2 THE BULMAN BED HANGINGS
Old York’s Bulman bed hangings, consisting of 12 textiles, received similar consideration for treatment, stabi-

lization, and display. A variation on the magnetic mounting system devised for the Woodlawn set was used, but 
with an additional demand—that the bed hangings could be quickly and safely removed in the event of a disaster. 
The bed hangings are considered irreplaceable, and so they require a thoughtful strategy to prevent damage dur-
ing evacuation. Honoring this goal dictated the method for attachment and drove the design process forward.
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Logistically speaking for display, the bed hangings must be securely attached and appear as if they are 
upholstering the bedstead (see fig. 2). The tester, head cloth, and inner and outer valances originally would 
have been tacked to the lath, and the curtains would have hung on rods with tapes and rings. However, none 
of these methods of attachment would have allowed the textiles to quickly be separated from the bed frame 
without damage. So the knowledge gained from using rare-earth magnets in the installation of the Woodlawn 
bed was crucial.  

An early 18th century bedstead in the collection of the Warner House Museum in Portsmouth, New 
Hampshire, served as the period prototype for the new bedstead. It was made in-house at Old York Historical 
Society using Maine maple, which would have been a probable choice of wood during the early 18th century. 
The lath was made from poplar (which is a softer, less acidic wood) and sealed with a water-based acrylic 
varnish. Diagrams and measurements of each textile informed the size of the bedstead. After studying the 
heights and lengths of the ensemble, Natalie Larson, an advisor to the project, created working drawings for 
its construction. The new bedstead was painted with acrylic paint in a period indigo blue-gray to achieve the 
correct appearance and finish. The decorative paint coating was sealed with a clear acrylic resin, Golden MSA 
matte varnish, to achieve a nonreactive acid-free barrier.

The fully embroidered tester cloth was perhaps the most challenging textile to support. In the 18th cen-
tury the fabric would have been tacked. Therefore, to be accurate visually, the tester cloth had to appear 
upholstered to the bedstead lath—and it took a bit of creativity to “attach” the cloth to the lath without physi-
cal attachment. The modern bedstead offered complete flexibility for affixing hardware for the new mounting 
system. The key support for all the textiles was the lath. A successful variation on the Woodlawn system was 
devised using thin, 22-gauge galvanneal powder-coated steel slats screwed to top of the lath, extending end to 
end on all four members to receive magnets. 

A secondary support system connected to the lath was fashioned with Velcro and custom-dyed conserva-
tion nylon net. Hook Velcro was attached on the bottom side of the lath with 3M Epoxy DP 100. The net was 
laid on the top of the lath, and the edges were stretched and wrapped around the outer edges, and secured to 
the Velcro on the bottom. This created a sheer trampoline support through which the embroidery could be 
seen face down in its correct position. Loop Velcro strips were placed over the entire hooked net for security 
(fig. 10). The net support can be adjusted and retensioned with relative ease if needed. The neutral dyed color 
of the net renders it invisible over the extent of the embroidery. Most critically, the tester cloth is not attached 
to the bedstead and can be removed easily by carefully rolling or rapidly lifting and pulling (fig. 11). 

In an effort to protect the back of the tester from dust, a cotton cover was constructed. A strategically 
positioned 3M Scotchlite reflective tape binding sewn around the perimeter is intended to alert emergency 
personnel in a low-visibility environment to the location of objects prioritized for evacuation. Additionally, 
tape has been installed on the bottom posts of the bedstead and dustcover, and when illuminated it will be 
immediately obvious where the hangings are located. Museum staff will meet with key disaster response per-
sonnel from the York Fire Department to review the quick-release system and to revise the institution’s collec-
tion disaster plan. Ongoing efforts to use this tape in alternate locations on or off the textiles will be discussed.

The head cloth was relatively simple to install onto the bedstead compared with the other components. 
The linen ground of the textile was stable overall and although there were original tack holes along the top 
edge, they did not complicate a new hanging system. Initially, it was determined that the head cloth should be 
attached on the interior of the lath, so that the edge of the lath would not be visible. However, that would 
require gathering 10 cm of the top edge of the textile. This had been done before and not only compromised 
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the top edge with extensive stitching, but caused rippling across the entire cloth. It was decided therefore that 
the head cloth should be hung flat to the backside edge of the lath rather than manipulating it to fit the inte-
rior space. A cotton header was made with an integrated channel to fit the 2.5-cm Nomex strip and rectangu-
lar rare-earth magnets were placed at even increments [note 3]. A cotton dustcover was installed behind the 
head cloth under the same magnets. 

Fig. 11. The Bulman bed hangings: view of tester being unrolled (left), and view of tester supported on the lath (right). 
Courtesy of David Bohl.

Fig. 10. The Bulman bed hangings: stretching the net and attaching it to the tester frame. Courtesy of Joel Lefever.
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The six valances were given full linings fitted with a fabric extension for mounting over the lath. The lin-
ings function as passive vertical support and the Nomex channel extensions were integrated into each lining 
as a single piece (fig. 12). A polyester fabric, Sinfonia VI, made by Création Baumann, was an ideal choice for 
the lining. The fabric is 300 cm wide, which avoids the need for seams with the warp in the vertical direction. 
It is lightweight, translucent, and similar in color to the linen, which allows for partial visibility of the stitch-
ing on the reverse side of the valances. This polyester has the quality of fine cotton voile, as well as long-term 
durability and resistance to stretching and wrinkling. It can be tricky to work with at times while hemming, 
but overall as part of the engineered mounting system, it functioned with ease.

At some point during the 300-year lifespan of the Bulman bed hangings, the inner valances were extended 
by 9 to 10 cm. The insets are integrated into the valance, fully embroidered, and trimmed with a similar tape. 
As a result of this alteration, the inner valances are longer than the exterior valances. To ensure a proper fit, it 
was agreed to split the difference of the extra length to the back and front interior corners of the lath. The 
channel sleeve was tailored to go around each corner simply by cutting and stitching a V into the channel and 
inserting two strips of Nomex. The valances went up with relative ease. Standing inside the bedstead, the inner 
valances were lifted up by four hands. The Nomex-stiffened fabric channel was slipped under the net on the 
inside of the lath and was held in place by magnets to marry them onto the steel slats (fig. 13). The outer 
valances were installed in the same fashion on top of the net-covered steel.

A decision was made to hang the four curtains on tape loops and brass rings in 18th century fashion. 
However, the original tapes were either structurally compromised or missing. The criterion for allowing quick 
removal of the textiles was a serious challenge as this hanging method would physically connect them to the 

Fig. 12. The Bulman bed hangings: inserting the Nomex. Courtesy of Michelle Hunter.
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lath. So, new linen tapes were custom-dyed and made with pockets to insert corresponding rectangular mag-
nets at each end (fig. 14). These came together under the lip of the top hem of the curtain panels, holding the 
edges for long-term hanging, yet still enabling quick detachment.

Originally, the front corners where the exterior side and foot valances meet were sewn together, and 
would have flared out slightly to create a three-dimensional cornice-like effect (fig. 15). When the outer 
valances were modified to become part of a counterpane in the 19th century, they were separated. These alter-
ations have obscured any physical evidence of how they were once attached. Regardless of how they were once 

Fig. 13. The Bulman bed hangings: detail of valance with a V-cut in the extension (left); and installing the valance (right). 
Right, courtesy of David Bohl.

Fig. 14. The Bulman bed hangings: attaching the magnetic curtain tabs. Courtesy of David Bohl.
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Fig. 15. The Bulman bed hangings: detail of the valance corners joined by magnets. 

connected, stitching was not an option. During installation, small circular magnets were slipped under the 
lining of each valance corner along the inside edges. The combination of the overall strength of the magnets 
to hold the textiles in their correct positions and the added anticipation of safe and quick release exemplifies 
the concept of the Bulman bed hangings mount design. 

5. CONCLUSIONS

The engineering of these two mounting systems achieved (1) the period-correct upholstered appearance of 
each set of bed hangings with minimal intervention to the textiles and (2) ensured the safe display of each. 
From the perspective of the conservator, this technical design offers ease of handling for the dressing and 
undressing of the beds. These mounting systems can remain permanently associated with the textiles 
throughout their lives in or out of public view. Both projects offered unique opportunities to initiate a 
contemporary methodology for mounting historic bed hangings from the top down, with results that met and 
exceeded both conservation and curatorial goals.
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NOTES

[1]  The bed remains intact with its original curtaining, festoons, fringe, and bedding (including feather bed, 
mattress, bolsters, and sackcloth). Remarkably, a drawing sent by the upholsterer in Boston, with instruc-
tions for how to install it, survives in the museum collections. According to Natalie Larson (pers. comm.), 
the term “best bed” simply refers to the fact that it was the best bed in the house.

[2]  The hangings lack a coordinated counterpane and bases, which perhaps never existed en suite. Mary and 
her husband Alexander Bulman, a physician, lived in York. Their house still stands and is located directly 
across the street from the main campus of Old York Historical Society. After the death of her husband in 
1745, Mary remarried and moved to Charlestown, Massachusetts. The bed hangings, however, remained 
in her house in York. Although both of their children died young, the bed hangings descended through 
the family until they were donated to the Old Gaol Museum (now Old York) in 1908 (Blyberg and Lefever, 
pers. comm.).

[3]  For the Woodlawn Museum best bed, two sizes of magnets from Amazing Magnets were used: (1) neo-
dymium disc magnet (with a countersunk hole), part no. DH063C-FS (0.375-in. diameter, 0.0625-in. 
thick); and (2) neodymium disc magnet, part number D040B-BN (0.25-in. diameter; 0.04-in. thick). For 
the Bulman bed hangings at Old York, one type was used: neodymium magnet part no. P063BF (0.75-in. 
long, 0.25-in. wide, 0.0625-in. thick) from Amazing Magnets.
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ABSTRACT—Exhibiting costume has its own set of unique challenges and requirements. When requesting a 
loan of costume objects for an exhibition, institutions unfamiliar with exhibiting garments and accessories 
may underestimate the amount of time and work involved in preparing and installing these types of objects. 
This essay aims to provide a set of guidelines so borrowers know what to expect, and lenders are reminded to 
educate the borrowers about costumes’ needs and bring up relevant issues at timely points in the loan process. 
This essay focuses on conservation and installation issues, including display requirements, mounting, exhibi-
tion design, packing, and installation. It does not attempt to be a comprehensive guide that includes curatorial 
and registrarial concerns.

PRÉSTAMOS DE VESTUARIO: DESAFÍOS Y ESTRATEGIAS

RESUMEN—La exposición de vestuario tiene su propio conjunto de desafíos y requisitos únicos. Al solicitar 
un préstamo de objetos de vestuario para una exhibición, las instituciones no familiarizadas con la exhibición 
de prendas y accesorios pueden subestimar la cantidad de tiempo y el trabajo que implica la preparación e 
instalación de este tipo de objetos. Este documento tiene como objetivo proporcionar pautas para que los 
prestatarios sepan qué esperar, y recordar a los prestamistas que deben educar a los prestatarios sobre las 
necesidades de los trajes y mencionar los temas relevantes en los momentos oportunos del proceso de 
préstamo. Este documento se centra en cuestiones de conservación e instalación, incluyendo los requisitos de 
exposición, montaje, diseño, embalaje e instalación. No pretende ser una guía completa que aborda preocupa-
ciones curatoriales y de registro.

COSTUME LOANS: CHALLENGES AND STRATEGIES

CASSANDRA GERO

1. INTRODUCTION

Fashion exhibitions have been increasing in popularity for years. Museums are displaying more costume, 
whether one ensemble or an entire exhibition. Costumes can dazzle, educate, inspire, and captivate audiences. 
But to those charged with the mounting and installation, they can also perplex, frustrate, and challenge. 
Exhibiting costume has its own set of unique challenges and requirements, and while displaying objects from 
one’s own collection is difficult enough, displaying loan objects is even more so. With access to the object for 
just a short length of time, right before the opening of the show, the pressure is on to install the costumes 
safely and beautifully. It is easy to underestimate the amount of time and work required to for a successful 
costume loan, which can lead to stressful installation periods. Careful planning and preparation on the parts 
of both the lender and borrower can help ensure a successful loan, and conservators should be included in 
these communications from the beginning so they can identify and address potential conservation and instal-
lation issues for the objects. This article aims to provide a set of guidelines so borrowers know what to expect, 
and lenders are reminded to educate the borrowers about costumes’ needs and bring up relevant topics at 
timely points in the loan process. This essay focuses primarily on conservation and installation issues and 
does not attempt to be a comprehensive guide that includes curatorial and registrarial concerns. 
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2. SAFE DISPLAY OF COSTUMES

Keeping objects safe while on loan is of paramount importance. As with any type of object, loan requirements 
are a strategy for keeping the art safe. What does that mean when it comes to costume?

First, costumes are tactile objects, and visitors will want to touch them. The lender may require a vitrine 
or a combination of a platform and touch distance of 36–43 in. (91–109 cm) to discourage touching. The bor-
rower must provide the exhibition floor plan for the lender to approve, as well as vitrine specifications, includ-
ing materials, if applicable. 

Second, costumes are familiar. People wear clothing every day, and it might take a paradigm shift to con-
sider costume as art. In fact, some people, including some museum professionals, do not consider costume to 
be art, do not think costume belongs in a museum, and do not respect the objects as they would a different 
type of art object. One strategy for dealing with this challenge is to require a trained courier from the lending 
institution to unpack, dress, and install, as well as deinstall, undress, and repack. The courier decides if anyone 
else is allowed to handle the objects and in what circumstances. This formalized process helps to establish the 
objects firmly as art pieces, and can prevent damage caused by careless handling. 

Third, costumes are fragile and susceptible to damage from environmental conditions. Although require-
ments will vary by institution and by object, some examples of environmental requirements for display are dis-
cussed in the following text. As with other types of textile objects, in order to prevent light damage, required 
light levels may be 50 lux or lower, and UV filtered. The display period may be limited to 3 months. Tempera-
ture requirements will most likely be in the range of 68° to 72°F, with a relative humidity of 45% to 55% for 
most costume objects. Microclimates may be required in some instances. Dust can be damaging, so if a cos-
tume or accessory is not enclosed in a vitrine, occasional careful maintenance by a conservator with a soft hake 
brush or blow-out bulb may be performed with lender permission. Pest infestation of a costume collection can 
be catastrophic, and vigilance is required to avoid pest damage. Monitoring traps should be in place in the gal-
leries and checked regularly by the borrower, and no food or drink should be allowed in the exhibition space. 

Although the preventive measures specified in the loan requirements can help to ensure the safety of the 
objects while on loan, some costumes need more interventive measures before being loaned. Because mount-
ing costumes for exhibition requires a certain amount of physical manipulation, the objects must be in stable 
condition before undergoing the dressing process. Conservation treatment is often required before the object 
can be dressed. Weak areas must be stabilized to prevent further damage. Some condition issues are easily 
noticed, whereas other problems may be invisible in photographs or not easily noticed during a brief object 
viewing. Costumes that appear stable on the exterior might be in very poor condition on the interior—fabric 
or sewing threads may be rotting and weak, a poorly constructed garment may cause stress in areas, or it may 
not be strong enough to support its own weight. Many garments were intended to be worn for short periods 
of time, not made to endure 3 months of gravity’s constant pull. Before approving an object for loan, the con-
servator must determine whether a treatment can satisfactorily address the condition issues, and whether 
there is enough time to perform the treatment(s) needed.  

3. MOUNTING OF COSTUMES

As mentioned previously, the mounting process for costume can be very involved. The challenges of mount-
ing costume include the fact that the mannequin or dress form must be carefully customized to fit and prop-
erly support each garment, which is a time-consuming process. Costumes are often too small for standard 
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mannequins or dress forms. At the same time, costumes can be large, heavy, and/or difficult to handle; some 
objects require multiple trained staff members working together to mount them. In addition to the physical 
challenges, there are curatorial challenges. Costume is open to styling interpretation—from the style of man-
nequin or form chosen, to the form’s pose, to the nuances of the padding and shaping, to the inclusion or 
absence of accessories. Thus, one object can be styled in many different ways (fig. 1). Accessory objects, such 
as hats, require custom mounting whether shown on the mannequin or separately.

The main strategy for dealing with costume-mounting challenges is for the lender and borrower to com-
municate at length regarding the plans for each garment. These conversations should begin as early as possi-
ble, and conservation and installation staff should be included so they can identify any potential issues. 

Sometimes the lender will dictate what type of form should be used for the costume, but often the lender 
and borrower will work together to create an acceptable plan that meets the needs of the costume and also fits 
in with the exhibition design.

Fig. 1. Two ways to style the same object. Left: Photograph by Karin Willis. The Metropolitan Museum of Art, Brooklyn 
Museum Costume Collection at The Metropolitan Museum of Art, Gift of the Brooklyn Museum, 2009; Gift of Millicent  
Huttleston Rogers, 1949; 2009.300.133. Image © The Metropolitan Museum of Art. Right: Charles James: Beyond Fashion 

(2014) Gallery View, © The Metropolitan Museum of Art.
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The borrower may not be familiar with the types of mannequins and dress forms available, so the lender 
may want to suggest a couple of suitable options. Depending on the costume, these can include fiberglass 
mannequins in either historic (fig. 2) or contemporary (fig. 3) silhouettes, dress forms (fig. 4), or custom 
forms. Invisible mounts (fig. 5), in which one of the previous types of mounts is cut away to appear invisible, 
are an option, but they are much more complicated and time-consuming. In some instances, garments can be 
shown flat either on pin mounts or resting flat on a deck, possibly with some interior padding. The lender and 
borrower will negotiate to determine who will provide the forms, but often the borrower is expected to  
provide them.

The forms must be the appropriate size for each garment. If the lender is providing the forms, a test fit can 
be done ahead of time to ensure the proper fit. If the borrower is providing the forms, the lender should send 
detailed garment measurements. The necessary measurements will differ by costume, but the basic bust, waist, 
and hip measurements are always helpful. For pants provide inseam and outseam measurements, for jackets 
shoulder-to-shoulder width is helpful, and for jumpsuits, torso length. When ordering the forms, remember 
that the form can be smaller than the costume and then padded out, but it cannot be bigger than the garment 
at any point. The form is always made to fit the costume, not the other way around. For especially small cos-
tumes, it may be necessary to alter a form or to create or purchase a custom form, which takes additional 
time. Fiberglass mannequins can be sent to a mannequin refinisher to be cut down for smaller dimensions 

Fig. 3. Fiberglass mannequins, contemporary silhouette.Fig. 2. Fiberglass mannequin, historic silhouette.
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around the waist, hips, or bust, for example. Parts of feet can be cut off to accommodate shoes. Custom dress 
forms can either be ordered to specific measurements or made from buckram, Fosshape, or Ethafoam to fit 
very small garments. It is also important to confirm the components of each object being loaned—if your 
dress form does not have hands, do you still want to borrow the gloves included in the ensemble? 

Before ordering mannequins or dress forms, it’s important to verify all of the details, including gender, 
pose, and optional body parts such as heads, arms, legs, hands, and feet. Decide whether the form will rest on 
a metal base plate (fig. 6) or if the flange will be secured directly to the exhibition platform (fig. 7). Determine 
whether the attaching flange will enter the mannequin at the ankle, bottom of foot, or bum. This is often dic-
tated by the costume. If the flange or base is intended to match the color of the platform, it should be painted 
ahead of time by whoever is providing the mannequin; the borrower may need to tell the lender the exact 
paint color 2 to 3 months in advance to allow for painting before packing. If the borrower is providing man-
nequins and hardware, a 2-week off-gassing period for newly painted poles and bases should be allowed.  
This 2-week period for off-gassing applies to all new forms and mannequins as well as newly repainted  
mannequins.

In considering when to order mannequins or forms, allow time for off-gassing before dressing and any nec-
essary alterations. As a guideline, mannequins and forms should be ordered at least 6 to 8 weeks ahead of the 
installation period plus shipping time. It’s usually useful to order extras, especially in small sizes. There is room 
for error in measuring garments, and an additional small size form may save the day. The appendix provides a 
sequence of loan events that provides a loose timeline for the required tasks by both lenders and borrowers.

More than a mannequin is needed to mount a costume. The lender and borrower should negotiate who 
will provide any installation items needed. These are non-accessioned items used to create the proper shape of 

Fig. 5. Invisible mount.Fig. 4. Dress forms.
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the costume and to complete the total look. Items for creating the proper shape include petticoats, hoop skirts, 
bustles, and shoulder pads. Items to complete the total look include wigs, hats, shoes, socks, gloves, and  
jewelry. These items help the viewer appreciate the complete ensemble as it was meant to be worn, rather than 
being distracted by missing elements. 

Accessories that are accessioned objects may be able to be dressed on the form with the ensemble, or they 
can be displayed as separate objects. Ideally, accessory mounts are made ahead of time whenever possible. The 
lender and borrower should negotiate who will provide the accessory mounts; usually the borrower will. 

4. EXHIBITION DESIGN 

A few exhibition design factors should be kept in mind for mannequin or dress form installation, in addition 
to the touch distance and light levels mentioned in section 1. First, platforms must be strong enough to sup-
port the costume plus the mannequin plus two people, because the mannequin installation process requires 
two people. Next, vitrines must be tall enough to accommodate the mannequin, plus shoes and headpiece if 
applicable, plus an additional 6 in. (15 cm) to allow for the process of securing the mannequin to the deck 
over a flange, also known as spiking. Vitrines must also be large enough to accommodate the costume plus the 
courier and one additional person. 

Exhibition design should be discussed early in the loan process to avoid the construction of too-small 
cases. Estimated footprints can be provided by the lender, which can be helpful, especially in the case of 18th 
and 19th century dresses.

If the exhibition has audiovisual elements, it’s preferable to not install them above the mannequins. It is desir-
able that any technological repairs or projector bulb replacements not require the movement of mannequins.

Fig. 6. Mannequin with metal base plate. Fig. 7. Mannequin with flange to be spiked to platform;  
currently attached to temporary board.
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5. PACKING AND SHIPPING

Within the shipping crates, costume objects can be either be packed flat in archival boxes, or they can be 
dressed on their forms. If the costumes travel in boxes, then more time and skill is required during installa-
tion. If the objects travel on their forms, it makes for a quicker and easier installation. The needs of the cos-
tume should be considered when deciding how to ship it. Also, shipping a costume on a fiberglass mannequin 
can make for a very tall crate, which may necessitate the crate traveling on a cargo plane, if it will be trans-
ported by air. Another consideration is the point where the flange extends into the mannequin, which can be 
a potential point of weakness. Shipping costumes dressed on dress forms, rather than mannequins, can pro-
vide a sturdier base and allow for a shorter crate. Either way, the costume will require additional interior 
packing within the boxes and/or crate to ensure proper support, minimize movement and abrasion, avoid 
creasing and wrinkling, and ensure the safety of the costume. Accessories often require custom travel mounts 
within custom boxes. The time needed to pack a costume for loan varies widely. For packing costume in 
boxes, an estimate of three objects per day is reasonable, whereas custom mounts for accessories can take a 
full day or sometimes more. 

6. INSTALLATION

When planning the loan installation period, enough time should be allowed for unpacking, conditioning, 
dressing, and installing. Depending on the object, it can sometimes take a full day to properly dress one gar-
ment. A general rule is to allot time to dress one or two ensembles per day. It is also important to allow extra 
time for any problems that may arise. Condition issues can arise as the courier is dressing the object—through 
the manipulation of the garments, sometimes seams open, hems fall, or conservation treatments fail, in which 
case a repair may need to be made on the spot. Mounting issues are also common. The chosen form may not 
fit the garment after all. It is advisable for the borrower to have extra forms and mannequins on hand, espe-
cially in small sizes, as well as other mounting supplies. Sometimes mounts may need to be cobbled together 
from different mannequins in combination with buckram, Fosshape, Ethafoam, or other suitable materials. 

Other considerations that may affect the length of the installation period include knowing the borrower’s 
expectations for the dressing—will they request the mounting be done in a certain way, which may be more 
time-consuming than expected? Do their technicians have shorter working hours that need to be planned 
around? Finally, will other couriers need to be present for the installation of objects or closing of the vitrine?

For unpacking, condition reporting, and dressing, the borrower should provide a clean and secure work-
space in which there is no food, no public access, no heavy foot traffic, and no unfiltered sunlight. Supplies 
including tables, lights, and a flatbed hand truck should be provided, and possibly hanging racks, carts, and a 
steamer. If the workspace is not big enough to accommodate all of the dressed mannequins, a plan for the 
movement of objects should be made so the courier has enough space for dressing. The courier will need 
assistance with moving, placing, and spiking mannequins.

In preparation for dressing, the mannequin or form should be standing upright. If there is no metal base 
plate, a 14-in. (35.5-cm) square piece of medium-density fiberboard is used as a temporary base to secure the 
flange so the mannequin can stand upright and be moved as needed. The borrower should provide one board 
for each form, regardless of who provides the forms. 

The dressing process consists of the courier covering the mannequin or form with a barrier such as panty-
hose, stockinette, or jersey, which is padded out to the correct proportions using layers of polyester batting, 
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bust pads, shoulder pads, nylon net, and installation of petticoats or other undergarments as needed (fig. 8). 
The courier notes the installation items and dressing methods on a dressing sheet, ensuring to note the loca-
tion of any pins used. These notes are left for the deinstall courier so the undergarments can be safely 
undressed when the time comes. 

If the borrower wishes to add headpieces or other installation items to the mannequins, prior approval 
should be obtained. The courier should be present and will decide whether the dressed mannequin needs to 
be covered to protect the objects during installation of the headpiece. 

Once the mannequin is dressed, the technician(s) from the borrowing institution assists with the move-
ment of the dressed mannequins. In preparation for placement and spiking, the exhibition platform should be 
covered in brown kraft paper secured with painter’s tape, so the dressed mannequins can be moved to the 
correct placement when ready without scratching the surface. Once the dressed mannequin is placed in its 
final position and has received curatorial approval, it is ready to be spiked. The technician marks the desired 
location on the brown paper. With assistance from the technician, the courier lifts the mannequin off its 
flange and to the side and holds the mannequin upright and steady so the technician can remove the flange 
from the temporary board. Having an extra flange on hand can make the process slightly easier. The techni-
cian uses a power drill/driver to secure the flange to the exhibition platform in the proper location. Shims 
may be required under some mannequin feet to keep it from leaning. If metal plates are being used, spiking is 
not required, as the metal plate simply sits on the platform.

Fig. 8. Mannequin padded out to fit garment. Courtesy of Joyce Fung.
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Depending on their hardware, dress forms may be screwed directly into the platform or they may have 
metal bases. If the dress form base has wheels, a custom hardware solution will be required to secure the form 
to the platform. Different models and manufacturers have different bases, and one solution does not fit all. 
Once the mannequin is spiked, the courier will stay to see vitrines closed and confirm that light levels are 
within the specified range.  

7. CONCLUSIONS

Many conservation and installation issues must be addressed for a costume loan to be successful. Each loan 
has different needs, but this essay provides a starting point for timely conversations between borrowers and 
lenders.

Certain aspects of the display requirements, mounting process, exhibition design, packing, and  
installation processes may come as surprises to a new costume borrower. To avoid potential pitfalls and 
complications, the borrower should be aware of the special requirements for costume ahead of time.  
This includes the need to design for low light levels and adequate touch distance, choose an appropriate  
mannequin or form in the right size, ensure the vitrine is large enough, and plan for the amount of time  
and work required for packing, dressing, and installing. The more a borrower knows, the easier the process 
will be. 

The best way to ensure a successful costume loan is to allow plenty of time for loan preparation and instal-
lation and for the borrower and lender to stay in communication—keep asking questions and keep taking the 
next steps. Conservation and installation staff should be included in these discussions from the beginning, as 
they can help identify any potential issues that might otherwise be overlooked. 

Although it is impossible to address all of the potential possibilities and circumstances, this essay can 
serve as a guide for borrowers about what to expect when they are expecting a costume loan, and as a 
reminder to lenders of the many topics that should be mentioned with the borrower and the many decisions 
that need to be made in a timely manner. 

APPENDIX. COSTUME LOAN SEQUENCE OF EVENTS AND ESTIMATED TIME FRAME

7–12 months before loan opening date:

•	 Borrower submits official loan request 10–12 months before opening date
•	 Lender performs preloan examinations and writes treatment proposals
•	 Lender preliminarily approves object(s) for loan and notifies borrower
•	 Lender communicates loan requirements to borrower
•	 Borrower communicates photography needs to lender, if any
•	 Lender determines if CITES (Convention on International Trade in Endangered Species of Wild Fauna 

and Flora) paperwork is needed (international loans only) 
•	 Borrower contacts lender with questions and plans regarding mounting, installation, design

3–6 months before loan opening date:

•	 Lender and borrower confirm which object components will be loaned
•	 Lender sends garment measurements to borrower, if borrower is providing forms 
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•	 Lender and borrower agree on mannequins/forms to be used
•	 Lender and borrower negotiate who will provide mannequins/forms
•	 Lender and borrower confirm how accessories will be mounted and who will provide mounts
•	 Borrower orders mannequins/forms 6–8 weeks before installation date, plus shipping time; earlier for 

invisible or custom forms, or those requiring alterations
•	 Borrower provides exhibition layout and vitrine specifications for lender approval
•	 Lender and borrower determine if installation items are needed (such as non-accessioned shoes or gloves) 

and negotiate who will provide these
•	 Borrower asks permission to use headpieces, if desired, and provides details
•	 Borrower communicates desired paint color for flanges and poles, if lender is providing mannequins/forms
•	 Lender orders archival boxes, tissue, and other packing supplies
•	 Lender performs conservation treatments
•	 Lender may perform a test fit and/or carry out photography 
•	 Lender completes outgoing condition reports and takes condition photographs

1–2 months before loan opening date:

•	 Lender packs objects 
•	 Lender packs dressing and installation supplies
•	 Lender delivers packed objects to registrar for crating on date requested, potentially 4–6 weeks before loan 

opening date; from this point, the objects are inaccessible
•	 Borrower and lender decide on a maintenance plan, if necessary

Just before installation period:

•	 Borrower prepares appropriate workspace with tables, lighting, and supplies
•	 Borrower prepares mannequins/forms, ensuring they are accessible, clean, and upright, if borrower is 

providing them
•	 Borrower prepares 14-in. square medium-density fiberboard board for each form, if using forms that will 

be spiked
•	 Borrower covers exhibition platforms in kraft paper and secures with painter’s tape
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ABSTRACT—The focus of this article is the treatment of an 1860s silk dress in the collection of the Rijksmuseum, 
Amsterdam. The dress is made from a unique moiré (watered) fabric, it still preserves its original construction, and 
its features are typical for the period: a wide oval-shaped skirt with a flat front, sloping shoulders, and flared sleeves. 
To prepare the dress for photography it had to be mounted on a mannequin. This article describes the material as 
well as technical aspects and conservation treatment of the object. High-performance liquid chromatography and 
scanning electron microscopy were used as analytical methods to provide more insight into the type of fabric and 
possible pretreatments and finishes. Furthermore, ethical considerations and practical difficulties of using an adhe-
sive support technique on a three-dimensional object are discussed. During treatment it became clear the dress was 
in a far worse condition than first anticipated; this negatively affected the result of the conservation treatment. The 
difficulties of dealing with a previous treatment that had not gone as planned are illustrated. The case of the silk 
moiré dress is a valuable study for illustrating and discussing both practical and ethical solutions.

APRENDIENDO DE UN TRATAMIENTO QUE NO SUCEDIÓ SEGÚN LO PLANEADO: EL USO 
DE UNA TÉCNICA DE APOYO ADHESIVO EN UN VESTIDO DE LOS 1860s

RESUMEN—El foco de este artículo es el tratamiento de un vestido de seda de la década de 1860 en la colec-
ción del Rijksmuseum, Amsterdam. El vestido está hecho de un tejido moiré, conserva su construcción original 
y sus características son típicas de la época: una falda amplia de forma ovalada con la parte frontal plana, hom-
bros inclinados y mangas acampanadas. Para preparar el vestido para su fotografía, tenía que estar montado en 
un maniquí. Este artículo describe los aspectos materiales y técnicos y el tratamiento de conservación del 
objeto. Se utilizaron la cromatografía líquida de alto rendimiento y la microscopía electrónica de barrido como 
métodos analíticos para aprender más sobre el tipo de tela y posibles tratamientos previos y acabados. Además, 
se discuten las consideraciones éticas y las dificultades prácticas de usar una técnica de soporte adhesivo en un 
objeto tridimensional. Durante el tratamiento, se hizo evidente que el vestido estaba en una condición mucho 
peor de lo que se anticipó inicialmente: esto afectó negativamente el resultado del tratamiento de conservación. 
Se ilustran las dificultades de superar un tratamiento previo que no sucedió según lo planeado. El caso del ves-
tido de seda moiré es un valioso estudio para ilustrar y discutir soluciones prácticas y éticas.

LEARNING FROM A TREATMENT THAT DID NOT GO AS PLANNED: THE USE OF AN  
ADHESIVE SUPPORT TECHNIQUE ON AN 1860s DRESS

SUZAN MEIJER AND MARJOLEIN KOEK

1.  INTRODUCTION

In 2012, the website “Rijksstudio” was launched. It grants the public open access to the Rijksmuseum’s collec-
tion through digital photos that can be downloaded and reproduced for personal and/or commercial use. 
Every object in the museum’s collection will be photographed to complete this digital archive. The museum’s 
policy for photography is to have each costume mounted on a proper, period mannequin with the correct 
underpinnings. Period fashion prints are used as references to determine the proper silhouette. The whole 
process of mounting and photographing one costume may take up to two days. However, the preparations of 
a dress dating from 1862 took much more time than first anticipated. 
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2. THE DRESS

2.1 SILHOUETTE AND CONSTRUCTION
The silhouette of the dress is very particular, evolving from the circular crinoline skirts of the 1850s and moving 

toward the bustles of the 1870s. The dress has characteristics typical of the period: a wide oval-shaped skirt with a 
flat front, sloping shoulders, and flared outer sleeves (fig. 1). Few dresses from this period survive. By the end of the 
1860s they became unfashionable, and their huge amount of fabric could easily be used for something else. In her 
book Patterns of Fashion 2, Janet Arnold (1972, 24) quotes from the Englishwoman’s Domestic Magazine from 1868: 

 A large number of our readers are constantly asking us what is to be done with the perfectly plain gored 
dresses which were fashionable last year and are now discarded…if the dress, though gored, has a very big 
sweeping skirt, it will be easy to arrange it according to the present fashionable style by gathering it up at 
the sides and back, so as to form a large puff.

Although many dresses from this period consist of a skirt and bodice, this one does not. It is a complete 
dress, with bodice and skirt joined at the waist. At the back the wide skirt is sewn to the waistband in small 
deep pleats. The narrow sleeves have wide, open outer sleeves. The belt has a peplum consisting of two narrow 
tapering panels. There is no boning inside the bodice, but near the arms two stuffed cotton pads are attached. 
To create the fashionable sloped shoulder line, the armhole seams were moved to a point further down the 
arms. This leaves a gap between the dress and the corset; the pads were probably added to fill this space. Both 
belt and bodice are ornamented with small fabric-covered buttons and a narrow strip of lace. 

2.2 WEAR AND DISPLAY
The dress was donated to the Rijksmuseum in 1939. That same year Lieneke Frerichs, scientific assis-

tant to the head of the print room, wore the dress at a party celebrating the 30-year anniversary of the 

Fig. 1. Dress BK-15267. Courtesy of the Rijksmuseum, Amsterdam.
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director of the Rijksmuseum. Photographs taken at this event show the dress was in excellent condition 
at the time (fig. 2).

A note on the object’s inventory card states that in 1956 conservation treatment on the trimming of both 
skirt and belt was performed, and that the silk had small stains, signs of wear at the folds, a small tear at the 
back of the skirt, and some deterioration on the belt. In 1996 another condition assessment was made. It states 
that there were several small tears and lacunas, mainly in the skirt. The overall condition was such that treat-
ment was not deemed necessary. 

Although records of previous costume exhibitions are not complete, there is nothing to suggest that the 
dress was ever on display in the museum. 

2.3 FABRIC PRODUCTION AND ITS RELATION TO THE CONDITION
The dress is made from a silk rep (faille) with a moiré pattern, also known as watered silk (fig. 3). To  

create the pattern a length of fabric was folded lengthwise and led through a calendar press with a raised  
pattern. This caused the ribs of the fabric to distort in certain areas, altering the light reflection and making 
the pattern visible (fig. 4).

Close examination of the dress in 2012, however, revealed that the dress had deteriorated considerably. Some 
of the damage could be explained by the nature of the moiré. The fold in the middle of the fabric is split in many 
places, a common feature in watered silk and a result of the pressure and heat applied during production (fig. 5). 

Damage at the shoulders and the pleats attached to the waistband can be explained as a result of tension from 
the weight of the silk during wear and storage. Until 2012 the dress was stored hanging on a padded hanger with a 
cotton cover in a cupboard. In hindsight, this was not a good idea, as this may also have contributed to the damage 
around the neck and shoulders. However, the many lacunas in the skirt, the sleeves, and the belt cannot be 
explained by wear, storage, or autodegradation (fig. 6). The randomly spread holes could be a result of part of the 

Fig. 2. Photograph of Lieneke Frerichs wearing the dress on July 16, 1938. Historical Archive, inv. no. RMA-SSA-F-04812-1. 
Courtesy of the Rijksmuseum, Amsterdam.
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Fig. 4. Flattened ribs that alter the light reflection. Courtesy 
of the Rijksmuseum, Amsterdam.

silk production process, such as dyeing or weighting. Considering the speed and level of deterioration (from the 
1996 condition assessment to 2012, when the dress came out of storage), there was reason to do further research. 
Technical analysis was necessary to understand the materials and determine the cause of deterioration. 

3. DYE AND FABRIC ANALYSIS 

In 2012 as well as 2017, high-performance liquid chromatography (HPLC) was performed to analyze the fab-
ric’s dye, which revealed that 46.08% of the dyestuff was berberine (Néss Proaño Gaibor and Joosten [2012] 
2017) [note 1]. Berberine is a natural dyestuff from roots of the barberry (Berberis vulgaris), a native plant in 
the much of Europe, North Africa, and parts of Asia. It is extracted from ground roots with boiling water  
containing a small quantity of lead acetate. Until the end of the 19th century a commercial extract of the plant 
(barberry extract) was used for dyeing silk (Hofenk de Graaff 2004). In Europe it was not used extensively, 

Fig. 6. Randomly spread holes in the silk caused by an  
as-yet-unknown deterioration process. Courtesy of the 

Rijksmuseum, Amsterdam.

Fig. 5. Damage as a result of the production process of 
moiré fabric. Courtesy of the Rijksmuseum, Amsterdam.

Fig. 3. Back of the dress, clearly showing the fold in the 
middle caused by the application of the moiré pattern. 

Courtesy of the Rijksmuseum, Amsterdam.
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however (Cardon 2007). None of the components of the dye are likely to cause deterioration of the silk (Néss 
Proaño Gaibor and Joosten [2012] 2017). 

Further tests using scanning electron microscopy with energy dispersive x-ray spectroscopy  (SEM-EDX) 
were done because it had been suggested that silk was sometimes pretreated with alum as a mordant to  
provide better lightfastness. Furthermore, given the date of the dress, it was possible that the silk was slightly 
weighted. The SEM-EDX analysis, however, revealed no signs of tin or other weighting and only a small 
amount of aluminum present in the fibers (Néss Proaño Gaibor and Joosten [2012] 2017). This could  
be a sign of the use of aluminum as a mordant. For a reason yet unknown, the fibers look brittle and torn  
but also abraded and broken. From the second half of the 19th century, much technical innovation took place 
in the silk industry, mostly from experiments with different dyes, weighting agents, and finishes. The damage 
may very well be a result of a combination of several processes during the production of the fabric.

4. TREATMENT IN 2012 AND ETHICAL CONSIDERATIONS

In 2012 close examination of the dress revealed it was so badly damaged that mounting it on a mannequin for 
photography without conservation treatment would be irresponsible. Discussion took place on whether or 
not to treat the dress. No conservation treatment meant no photographs of the dress’s silhouette. After exten-
sive discussion among the textile conservators, curator, and interns a treatment plan for both dress and belt 
was written. 

4.1 ADHESIVE SUPPORT
Using a stitching technique was ruled out immediately because the fabric was too brittle—it would leave 

large holes and possibly lead to further breakage of fibers. The proposal was to apply a full support to the skirt 
because the damage was spread randomly. Applying a support with a thermoplastic adhesive was considered 
the only option. Thermoplastic adhesives were considered the only option because they stay very flexible and 
change the drape of the fabric only slightly. Solvent reactivation was not considered because of the amount of 
fabric that needed to be supported (about 4 m2) and the health and safety issues involved. 

Based on previous experience and after extensive tests with several adhesives (Lascaux 360 HV/498HV 
and Mowilith DMC2/DM5), Evacon-R, an ethylene-vinyl acetate copolymer, was chosen because it can be 
reactivated using a spatula at relatively low temperature compared with other thermoplastic adhesives,  
around 65°–75°C [note 2]. Additionally, earlier research proved it stays flexible, relatively reversible, and  
does not discolor (Scheper 2005; Meijer 2014). Combined with silk crepeline it provides a strong but flexible 
support.

4.2 APPLYING THE ADHESIVE SUPPORT
Although the silk moiré itself was quite damaged in particular areas, the construction of the dress was still 

sound. The seams in the skirt, as well as parts of the bodice and the lining, were machine-stitched with cotton 
thread. A small amount of hand stitching with silk thread was used to attach the skirt to the waistband, at the 
edges of the sleeves, and for the trimmings. Because all of these were the original stitches, removing any of 
them for treatment was highly undesirable since so few dresses from the 1860s survive and this one was not 
altered at all. From visual inspection the construction looked sound and caused little reason to expect any 
trouble from handling during treatment. 
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However, applying the silk crepeline support layer did not go as planned. First, placing and attaching a 
support on the inside of a three-dimensional object is always complicated. In this particular case, some parts, 
such as the pleated area inside the skirt where it attaches to the waistband, were very difficult to reach (fig. 7). 
To attach the support the fabric needed to be flattened to some extent. As a result, these areas were under sub-
stantial strain during treatment. The pleats of the skirt were discovered to be more fragile than anticipated, 
and this caused some new horizontal slits.  

As this problem was completely unforeseen, the original plan had to be adapted. Strain of any kind—from 
handling or mounting—would cause more damage to this particular area. Therefore it was decided to rethink 
and abandon the “keep the original construction” idea and undo the seam between pleats and waistband. This 
made it possible to flatten the fabric and support the area inside and directly under the pleats. The seam was 
later restitched with a cotton thread. Owing to time restrictions at the conservation studio, it was decided to 
temporarily postpone the treatment. 

5. TREATMENT IN 2016

In 2016 the treatment was continued by stabilizing the areas that were still fragile after the 2012 treatment—
namely, the pleats at the top of the skirt, waistband, the neck and shoulder area, both sleeves, as well as both 
outer sleeves. These areas were locally treated with either adhesive-coated crepeline backing and couching (using 
the threads of the silk crepeline), with nylon net coverings and running stitches, or a combination of both. To 
further stabilize the seam between the bodice and the skirt, a support layer of sheer silk ribbon was stitched 
inside the waistband, thus distributing the weight of the skirt more evenly (fig. 8). To prevent damage to the top 
area of the skirt by future handling, each pleat was covered separately with nylon net. This, together with the 
adhesive-coated silk crepeline backing that was placed in the 2012 treatment, acted as a sandwich construction. 

Fig. 7. Small pleats at the back of the skirt. Courtesy of the Rijksmuseum, Amsterdam.
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Couching was used to secure the moiré between net and crepeline. It not only protects and supports the area, but 
also acts as camouflage, making the slits less visible (fig. 9). This support treatment was necessary to stabilize the 
dress, which made it much easier—and less risky—to handle and to mount safely on a mannequin.

The neck and shoulder area showed damage caused by deterioration of the silk and mechanical damage 
from wear and storage. Both the original construction and lining were still in place, but fortunately these 
damaged areas were easily accessible. Holes and slits were supported locally by inserting a piece of silk 
crepeline coated with Evacon-R between the silk and lining. The area was locally heated with a small spatula 
to reactivate the adhesive. Combined with couching this stabilized the lacunas and made them less visible. 

Other areas were conserved, such as the belt, sleeves, and outer sleeves. Most of these treatments involved 
sandwiching the fragile moiré between adhesive-coated silk crepeline and nylon net, using a running stitch or 

Fig. 8. The support inside waistband, distributing the weight from the skirt. Courtesy of the Rijksmuseum, Amsterdam.

Fig. 9. The slits at the top of the skirt sandwiched between crepeline and net. Courtesy of the Rijksmuseum, Amsterdam.
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couching with threads pulled from silk crepeline or polyester thread (Gütermann Skala). Japanese paper, 
toned with DEKA-silk paints and coated with Evacon-R, was locally applied in different spots to camouflage 
lacunas. The top button of the bodice was missing; to close it again, a replica was made from a circular cutout 
of acid-free cardboard and a colored silk patch. The triangle-shaped parts around the neckline were all indi-
vidually covered with adhesive-coated silk crepeline and stitching (fig. 10). 

6. MOUNTING AND PHOTOGRAPHY

The goal of the whole conservation treatment was to stabilize the costume to allow it to be safely handled and 
mounted on a mannequin. Even though the dress was now stabilized, the quality of the mount played an important 
role in providing extra support. As a base, a small size Kyoto Costume Institute 19th century period mannequin 
was used [note 3]. However because of the dress’s sloping shoulders, the torso needed some adjustments. The 
shoulder length of the dress is 17 cm, whereas that of the mannequin is only 10 cm. Polyester wadding and Ibicel 
(100% polyethylene foam with a fine cell structure) covered with cotton jersey were used to increase the shoulder 
length to about 14 cm. Adding more would make it impossible to reinsert the arms (fig. 11). For the skirt, the back 
half of an oval crinoline covered with several full-length cotton skirts and three rows of heavyweight tulle provided 
the basis. This supports the skirt such that it is not pulling heavily on the waistband and bodice (fig. 12). The dress 
fit perfectly on the mannequin, and overall photographs from all sides as well as details were taken. These are now 
visible and downloadable from “Rijksstudio” (figs. 13, 14). 

The damage caused by storing the dress on a padded hanger gave reason to rethink this storage method and 
a new storage solution had to be found. Laying the dress flat was considered the safest option, so a box was made 
from acid-free honeycomb paper board. The box is the largest size that two people can move within the 
museum’s storage and conservation studio (fig. 15). The bodice and sleeves are stuffed with a padding of fiberfill 
and cotton, and a cushion filled with Styrofoam pellets. A special shelf was constructed in the box for the belt.

Fig. 10. The crepeline covered triangular shapes at the neck and the new top button. Courtesy of the Rijksmuseum, Amsterdam.
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Fig. 11. Small 19th century Kyoto Costume  
Institute mannequin with extended shoulders. 

Courtesy of the Rijksmuseum, Amsterdam.

Fig. 12. The underskirts and rows of stiff nylon net 
used to support the dress. Courtesy of the  

Rijksmuseum, Amsterdam.

Fig. 13. Dress mounted on the mannequin as it 
is now visible on “Rijksstudio.” Courtesy of the 

Rijksmuseum, Amsterdam.

Fig. 14. Mounted dress, side view. Courtesy of the 
Rijksmuseum, Amsterdam.
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7. EVALUATION AND DISCUSSION

In hindsight this treatment has provoked interesting thoughts that are well worth discussing. For example, 
monitoring costumes during storage is extremely important. Deterioration processes can speed up, without 
conservators’ knowledge. At the same time, it is simply not enough to judge the stability and condition of an 
object from visual inspection and sampling alone. Extensive effort should therefore be put into the develop-
ment of noninvasive methods to measure and document the overall condition of three-dimensional objects. 
Knowing beforehand that the stable-looking area at the top of the skirt in reality was fragile would have led to 
a different treatment approach. 

Using an adhesive support technique on a three-dimensional object such as a costume has multiple 
considerations. Adding a full support with the original construction intact involves much handling, even 
after careful planning. Unpicking an original seam for conservation purposes is undesirable in most cases. 
Not only will it destroy or conceal information on original construction details, but adding an extra layer of 
material (the support) will also thicken and stiffen the material and make it look or drape differently. Some 
parts may not fit as they did before unpicking. Also, due to differences in the level of deterioration, adhesive 
may have good adhesion in one area and poor in another. It is difficult, maybe impossible, to predict this. 
Furthermore, thermoplastic adhesive supports collect dust and may stick together rather than to the object, 
complicating application to a large uneven surface. In general, full supports and three-dimensional objects 
are not the best of combinations.

Fig. 15. Dress, as it is stored now in a custom-made box. Courtesy of the Rijksmuseum, Amsterdam.
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8. CONCLUSIONS

Even if an adhesive treatment is successful, the manipulation involved in mounting the costume on a manne-
quin is an issue. Tension, but even more so handling the material, often causes the support layer to detach 
itself from the fabric. This is partially a result of the warmth of your hands, but even more from moving and 
bending the fabric/adhesive/support sandwich. Even though much research has been done in the field of 
adhesives concerning longevity, stability, flexibility, reversibility, and health and environmental issues (Karsten 
and Kerr 2002, 2003), this problem has not yet been fully addressed.

Last but not least, further research on costumes and fabrics from 1850 to 1870 is needed. This period is 
specifically interesting, because much experimenting took place, exploring the possibilities with new dyes, 
chemicals, and other elements on fabrics. This led to multiple variations and outcomes, resulting in, among 
other things, the invention of tin-weighting of silk in the 1870s. Although research is conducted on tin-
weighted silks from 1875 onwards  (Garside, Wyeth, and Zhang 2010), there is no specific research on the  
earlier period, even though tin-weighting was discovered as early as 1857 (Hacke 2008). Further research into 
the production process of dresses and other silk textiles from this era could be extremely valuable, broadening 
our knowledge of fabric history as well as providing new insight into deterioration processes. 
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NOTES 

[1]  The HPLC analysis was performed in 2012 and repeated in 2017 because of the low lightfastness of ber-
berine dye, and the dress not showing any signs of discoloration. The HPLC results between 2012 and 
2017 showed no significant differences. 

[2]  Evacon-R Conservation Adhesive is a specially formulated neutral-pH, reversible, archival paper laminating 
adhesive. It is a water-soluble, nonplasticized, pH-7.5 ethylene-vinyl acetate copolymer emulsion that passes 
the Photographic Activity Test (PAT) (ISO18916) (Scheper 2005) (www.conservation-by-design.com).

[3]  These mannequins were developed by the Kyoto Costume Institute and are distributed by Nanasai Co., Ltd.
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ABSTRACT—This essay discusses the treatment of a ca. 1870 Worth and Bobergh ensemble in the collection 
of the Museum of Fine Arts, Boston. The garments had numerous condition issues and had undergone multi-
ple generations of alteration, requiring a treatment campaign that used both conservation methods and 
period dressmaking techniques to prepare them for exhibition. The treatment, which focused on the skirt, 
incorporated a wide range of procedures including the use of digitally printed and custom-dyed fabrics and 
stitch- and adhesive-based repairs. Thorough analysis of the original construction methods, study of other  
surviving examples, and the production of a half-scale model were also necessary components of the ensemble’s 
successful rehabilitation.

LA CONSERVACIÓN DE UN TRAJE DE WORTH Y BOBERGH

RESUMEN—Este documento analiza el tratamiento de un traje c. 1870 de Worth y Bobergh en la colección 
del Museo de Bellas Artes de Boston. Las prendas tenían numerosos problemas de condición y habían sufrido 
una serie de alteraciones, lo que requería una campaña de tratamiento que utilizara métodos de conservación 
y técnicas de corte y confección de época para prepararlos para la exhibición. El tratamiento, que se centró en 
la falda, incorporó una amplia gama de procedimientos, incluyendo el uso de telas impresas digitalmente, tin-
tura y reparaciones basadas en puntadas y adhesivos. El análisis exhaustivo de los métodos de construcción 
originales, el estudio de otros ejemplos sobrevivientes y la producción de un modelo a media escala también 
fueron componentes necesarios de la exitosa rehabilitación del traje.

A WORTHWHILE ENDEAVOR: THE CONSERVATION OF A WORTH AND  
BOBERGH ENSEMBLE

1. INTRODUCTION

Relatively few garments from centuries past survive in their original form, as refashioning and resizing clothing 
were common practices in a time when fabric was a costly commodity. Conservators are often confronted with 
such alterations when treating costume, which can affect both the appearance and condition of the object. Dur-
ing the course of a yearlong Mellon Fellowship at the Museum of Fine Arts (MFA), Boston in 2016, the author 
conducted an extensive treatment on a ca. 1870 ensemble designed and fabricated by the Parisian couture 
house of Worth and Bobergh to be included in the 2017 touring exhibition La Parisienne. Parts of the ensemble 
had undergone multiple generations of alteration and suffered from various types of damage, which substan-
tially affected its overall appearance. To prepare the ensemble for exhibition, a treatment campaign was under-
taken to address the complex condition issues of the garments, involving a multifaceted approach that 
incorporated both conservation methods and period dressmaking techniques. This treatment provided the 
opportunity to conduct an in-depth investigation into the garments’ materials and construction, to carry out a 
wide range of treatments, and to explore the emerging application of digitally printed fabrics in costume con-
servation. In this essay, the process is outlined chronologically, focusing on the two primary treatment objec-
tives of the ensemble’s skirt—the restoration of its original structure and the alleviation of its condition issues.

The purple and white silk faille ensemble includes two bodices, one for day and one for evening, as well as 
a matching skirt (fig. 1). The MFA acquired the ensemble in 2002 from the family of its original owner,  
Adeline Greenleaf of Wiscasset, Maine. In the late 19th century, Americans were wild for the designs of 

JOHANNA TOWER



Textile Specialty Group Postprints Volume 27, 2017 126

A WORTHWHILE ENDEAVOR: THE CONSERVATION OF A WORTH AND  
BOBERGH ENSEMBLE

Charles Frederick Worth, the English-born, Parisian-based couturier, who, since gaining the patronage of the 
stylish French Empress Eugénie in the early 1860s, had become a household name among fashionable society 
in Europe and America (Coleman 1989).

Worth displayed a genius for marketing as well as a talent for design: the house name and address were 
stamped into the garments’ petersham waistbands, easily identifying their pedigree both in the 19th century 
and today (Coleman 1989). American singer and Worth client Mrs. Lillie Moulton wrote of her presentation 
at the French court in the 1860s, “I thought it was best to make a good impression at the start so I put on my 
prettiest gown...if one could see the waistband, one would read Worth in big letters” (Coleman 2016, 62). The 
MFA Worth ensemble is a rare surviving example from the first generation of the couture house. The label, 
seen in figure 1, is stamped in gold letters on the day bodice’s petersham and reads “Worth & Bobergh.” This 
unequivocally identifies the ensemble as belonging to the early years of the house when it was under the part-
nership of Charles Frederick Worth and his Swedish investor, Otto Bobergh. Bobergh’s name was subse-
quently struck from the house’s label when the partnership dissolved in 1870 or 1871 (Coleman 1989).

2. ALTERATIONS

The ensemble had undergone numerous alterations by the time it arrived at the MFA in 2002. These altera-
tions were undertaken at various points throughout its lifetime, as evidenced by the variety of materials and 
techniques used to rework the garments. An early generation of alterations survives in the day bodice, likely 
made in the 1870s to enlarge and update the garment when it was still worn as fashionable dress (fig. 2). Side 
panels, stitched by hand with a contrasting lining fabric into the otherwise machine-stitched bodice, were 

Fig. 1. Left: Worth and Bobergh evening bodice and skirt before treatment. Top right: day bodice before treatment. Bottom right: 
Worth and Bobergh label, ca. 1870. 2002.696.1-3, Museum of Fine Arts, Boston. Courtesy of Museum of Fine Arts, Boston.
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added to expand the torso. Partially concealed buttonholes reveal that the neckline was lowered, while addi-
tional hand stitching suggests refashioned sleeves, indicating updates to keep abreast of changing fashions in 
the early 1870s. These alterations were tidily executed by an expert seamstress whose handiwork extended the 
useful life of the costly garments.

In contrast, the pretreatment condition of the evening bodice and skirt indicated subsequent generations of 
alterations made long after the ensemble was worn as fashionable dress, perhaps to make use of the garments as 
a costume for a masquerade ball—a popular entertainment in the late 19th and early 20th centuries (fig. 3). Side 
panels were also added to the evening bodice to expand the torso and the sleeves; however, these alterations  

Fig. 2. Day bodice alterations: added side panel (left); lowered neckline (right).

Fig. 3. Evening bodice alterations: interior and exterior of added side panel.
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Fig. 4. Altered waistline of evening bodice and skirt.

differed in materials and techniques from both the evening bodice’s original construction elements and the day 
bodice alterations. Newer hook-and-eye and snap fastenings were also added to the bodice at a later date. 

Alterations made to the skirt corresponded with the evening bodice’s enlarged waistline. In the 19th cen-
tury, skirts were commonly separate garments that were finished with a waistband to allow for interchanging 
day and evening bodices as the occasion dictated, a configuration also typical of Worth creations during this 
period (Coleman 1989). At the time of its acquisition, the MFA Worth skirt no longer had a waistband; the 
unfinished top edge of the skirt was stitched directly into the evening bodice with a single row of large, uneven 
running stitches worked in dark purple thread (fig. 4). The skirt’s waistband was likely removed and the skirt 
repleated to accommodate the expansion of the evening bodice. Much like the alterations to the evening bod-
ice, this procedure was crudely worked and would have prevented dressing the skirt with the day bodice.

Other changes made to the skirt further altered its appearance. Before treatment, the skirt consisted of a 
separate overskirt and underskirt joined only at the waistline. Its current silhouette no longer achieved the 
soft, full sweep of the bustle/crinoline combination fashionable ca. 1870 (fig. 5). Moreover, the present  
circumference of the underskirt, approximately 90 in. (~230 cm), would not accommodate the requisite 
undergarments to achieve this silhouette. The underskirt’s mismatched back seam and a large horizontal tuck 
across its back panels also appeared uncharacteristic of period construction techniques, as did the awkward 
tacking of the overskirt’s back panel to approximate a bustle effect without the foundation garments (fig. 6).

3. PLANNING AND RESEARCH

Some of these alterations needed to be addressed to prepare the garments for exhibition. The ensemble was to 
be styled with the day bodice, the garment in the best condition and the only one with the Worth and 
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Bobergh label still intact. This required separating the skirt from the evening bodice and thereby opening the 
only seam currently connecting the otherwise-separate overskirts and underskirts, resulting in two pieces that 
would have to be joined and supported on a waistband. To better understand the skirt’s original structure and 
to confirm the initial suppositions regarding the changes made to it, the author examined three other Worth 
and Bobergh gowns in the collection of the Philadelphia Museum of Art (PMA). Two of the gowns had the 
same overskirt styling as the MFA Worth skirt (fig. 7). 

These gowns, dating from the late 1860s, had survived with skirts still in their original form, providing an 
uncontaminated view of Worth construction techniques from the period. All three were separate garments finished 

Fig. 5. Left: skirt before treatment. Right: Godey’s Lady’s Book and Magazine, September 1869.

Fig. 6. Skirt alterations: underskirt center back seam and tuck (left); overskirt bustle tack (right).
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with waistbands rather than with skirts stitched into the bodices. The skirts’ fullness was concentrated along the 
back half of the waistline, where it was gathered into cartridge and/or large knife pleats, creating a smooth front 
panel and an elegant drape over the crinoline. In contrast, the MFA skirt’s waistline was a crudely cut raw edge 
stitched into the bodice, with the fullness distributed along three quarters of the waistline in small, uneven pleats.

In-person examination of the overskirts revealed that this effect was actually an illusion achieved with the 
placement of trim over side seams connecting the trained back panels with the skirt’s front panels rather than 
separate overskirts and underskirts. This confirmed that the mismatched back seam of the MFA underskirt 
was indeed an alteration, joining what had once been the skirt’s side seams to form a separate underskirt. The 
large horizontal tuck taken above the flounces raised the extra length that would have originally extended into 
the train. This study of contemporaneous garments was essential to establishing a plausible model for the 
original configuration of the MFA Worth skirt. 

After thorough documentation of the MFA Worth skirt’s present condition, it was separated from the  
evening bodice and the alterations to the underskirt were removed. This disassembly uncovered additional 
evidence of the skirt’s original structure (fig. 8). Mapping out thread remnants and stitch holes along the outer 
edges of the underskirts and overskirts confirmed the location of the seams that originally joined the skirt 

Fig. 7. Worth and Bobergh gowns, late 1860s, 1996-19-3a,b (left), 1996-19-5b,c (right), Philadelphia Museum of Art. Courtesy 
of Philadelphia Museum of Art.

Fig. 8. Left: original cartridge pleat creases at overskirt waistline. Right: bustle tape fragment in underskirt side seam.
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panels in a manner similar to those seen in a PMA skirt (1996-19-3b). Opening the waistline pleats exposed 
small vertical creases and fade lines along the back portion of the skirt left behind by its original cartridge 
pleats. A fragment of grosgrain ribbon on the left side of the underskirt indicated that tapes were used to con-
trol the skirt’s fullness over the bustle; such tapes were also present in all three PMA Worth skirts.

A half-scale model of the skirt was created to test these conclusions (fig. 9). Dressmakers and fashion design-
ers have long used such models to quickly mock-up designs using small amounts of fabric. More recently, dress 
historians have incorporated half-scale models in the study of period construction techniques. In conservation, 
this method can be used to test reconstructive treatments of costume. The process first involved taking a  
full-sized pattern from each of the skirt panels and marking the locations of seams and pleats. The pattern was 
then scaled down to half size and the pieces were cut from fabric of comparable weight and hand. The model was 
assembled following the same sequence planned for the skirt, completing all the essential construction details 
including fastenings and bustle tapes. The creation of an accurate and complete model allowed for testing  
the skirt’s hypothetical construction, making adjustments, and practicing the stitching methods that would  
ultimately be used in the skirt’s reassembly. It was therefore possible to experiment with and troubleshoot the 
reconstruction of the skirt without introducing the stress of additional manipulation to the skirt itself.

4. TREATMENT

After formulating a plan for the reconstructive component of the treatment, the day bodice and skirt’s condi-
tion issues were addressed. The bodice and skirt were both heavily creased; in addition, the skirt’s fabric and 
trimmings suffered from fading, discoloration, losses, and soiling. 

Fig. 9. Half-scale mockup of skirt.
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4.1 HUMIDIFICATION AND STABILIZATION
Taking apart the skirt had the added benefit of permitting it to be worked on as a flat textile, alleviating 

some of the treatment challenges posed by the dimensionality of costume. This was particularly useful in the 
humidification treatments. Both contact and ultrasonic humidification using a steam pencil were applied to 
the skirt panels and trim on a flat surface, effectively relaxing the creasing along the waistline and the ruffle 
trim. In contrast, humidification of the day bodice and underskirt ruffles required internal supports to hold 
their shape during treatment.

The skirt’s numerous splits and losses were treated after humidification. Stabilization of this damage 
required both adhesive- and stitch-based approaches. Most of these losses were located in the overskirt’s ruffle 
trim along the train’s hem, where the fabric was splitting along the weft ribs and the hem’s folded edge. In 
some sections, the silk was discolored to a light pink and very fragile. Stitched repairs would cause further 
damage in these areas; therefore silk crepeline underlays applied with Lascaux adhesive (12% w/v 3:2 303/ 
498 HV) were used to support the losses in the most fragile areas. In less degraded areas along the waistline, 
losses were stabilized by stitching into silk underlays. In both cases, aligning the grain of the underlays to the 
cut of the original fabric was essential to ensure that the supports did not affect the drape of the skirt or trim-
mings.

4.2 DIGITALLY PRINTED COMPENSATION
One of the skirt’s most prominent condition issues was a large orange-brown stain trailing down its front 

panel. As this blemish was visually distracting and, owing to its size and location, could not easily be hidden 
by a carefully placed accessory or pose, lessening the stain’s visual impact was a priority. The stain did not 
respond to surfactant or solvent cleaning tests; therefore an overlay of digitally printed reproduction fabric 
was ultimately used to mask it (fig. 10) [note 1].

The characteristics and present condition of the original fabric were important considerations in creating 
a successful facsimile. It was necessary to approximate the hand and texture of the ribbed silk faille as the 
overlay would extend over a substantial section of the skirt; therefore a silk faille was sourced that closely 

Fig. 10. Stain before and after treatment.
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resembled the original fabric. The new material was brighter than the 146-year-old fabric and so was dyed 
prior to printing to match the ground color. The condition of the fabric’s woven pattern was also a consider-
ation. Although the purple stripes were intact, many sections of the black stripes had degraded entirely, creat-
ing a patchy, irregular pattern. Printing a repeat of a small section of both would not effectively recreate this 
irregularity; therefore it was decided to print only the purple stripes and fill in the black stripes by hand.

The digitally printed fabric was produced by Dyenamix Incorporated in New York City. A 1:1-scale pho-
tograph was taken of a section of the fabric in which the black stripes had fully degraded. The Dyenamix staff 
was able to isolate the purple stripes in the image and print them onto the fabric, thereby eliminating both the 
holes left behind by the black stripe yarn and the faille’s weave structure, which were visible in the image. The 
patches of black stripes were inked in by hand with a Pigma Micron pen onto the finished yardage, tracing the 
wear pattern from a 1:1 scale photograph of the area to be covered.

Determining the overlay’s size involved balancing coverage of the stain with concealment of the original 
fabric. To reduce the visibility of the overlay’s edges, it was cut to extend the full length of the front panel from 
the waistband to the topmost flounce. To minimize the amount of the original fabric that was concealed, the 
width of the overlay covered only the largest stained area, leaving some of the smaller, nearby stains exposed. 
The cut edges of the overlay were treated with a 2.5% w/v methylcellulose solution to reduce fraying; the over-
lay was then attached to the skirt panel around its perimeter and interior with running stitches worked in  
single-ply, hair-silk thread. The success of this treatment relied on several factors. The stiffness of the faille and 
the structured drape of the skirt extended over the undergarments allowed the two layers to ride together 
without noticeable bulk added by the overlay. The irregular pattern of the black stripe losses drew the eye 
away from the small discrepancies in color and pattern between the overlay and the original fabric. 

The digitally printed fabric was also used to compensate for the losses along the skirt’s waistline (fig. 11). 
A few inches of fabric had been cut off along the entire length of the waistline, presumably when the waist-
band had been removed, leaving a jagged edge. The existing top edge of each panel was extended back to the 
original waistline to reattach the skirt to a waistband. The extensions underlay the original fabric for several 

Fig. 11. Underskirt waistline before and after treatment.
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Fig. 12. Overskirt waistline before and after treatment.

inches below the cut edge. The two pieces were joined with overcast stitches along this edge and running 
stitches below for additional support, both worked in 2-ply, dyed hair-silk thread. The location of the waistline 
in the extensions was established by continuing the trajectory of the few surviving sections of the original 
waistline, which was marked by a distinct crease punctuated with stitch holes. 

4.3 CUSTOM DYING: THE PROBLEM WITH PURPLE
The overskirt extensions were fabricated from silk faille that was custom-dyed to a matching purple  

(fig. 12). This proved to be a difficult process that yielded only somewhat satisfactory results. The light damage 
to the overskirt resulted in stripes of different shades of purple within each panel, making it impossible to 
match the extension color to all areas. Moreover, the temperature of the purple color changed dramatically 
under different lighting conditions. After multiple rounds of samples dyed using both Lanaset and Irgalan 
dyes, a color that averaged out the shade of the brighter purple sections with the faded sections and that 
matched closely under gallery lights was selected.

The fabric itself was difficult to dye as silk faille has a crisp hand resulting from its ribbed weave structure 
and the addition of sizing. The stiffness of the fabric, which increased noticeably when wet, interfered with the 
levelness of the dyeing since it did not float well in the dye bath. Any folding or crumpling that occurred when 
wet set permanent creases in the fabric. However, because the waistline extension would hold the pleats that 
would set the skirt’s drape, it was again thought best to use silk faille that closely resembled the original fabric 
rather than a lighter-weight material.

Lanaset dyes were ultimately selected as they produced a clearer, brighter purple than the Irgalan dyes. A 
mixture of 706 Bordeaux B and 710 Blue BR was used following the procedure set forth by the Textile Conser-
vation Centre for dyeing silk with acid dyes (Foskett and Mackert 2010–2011). Although the red dye absorbed 
into the fabric during the process without any complications, much of the blue dye was not fully exhausted 
until several hours after the bath had cooled to room temperature. This result was consistent over numerous 
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trials, even with adjustments to the introduction of additives to the dye bath. The extended exhaustion period 
of the blue dye further compounded the difficulty of achieving a level color as the blue collected along the 
creases in the wet fabric. Because three 25-in. (63.5 cm) widths of fabric were needed to extend across the 
skirt panels, it was not possible to create a dye bath in which the fabric could float completely unfurled. To 
mitigate these factors, the dyeing process commenced early in the day, which allowed continued agitation of 
the fabric as the bath cooled. The liquor volume was also increased to enable the fabric to float more easily in 
the bath and reduce the amount of creasing. These actions produced improved results, with the remaining 
unevenness concealed within the skirt’s pleats.

5. SKIRT REASSEMBLY

After stitching on the waistline extensions and the mask to cover the stain and completing all other conservation 
work, the skirt was ready for reassembly (fig. 13). First, the front and back sections were joined along an angled 
side seam. The original seams of the skirt were sewn with fairly large hand stitches—a technique commonly seen 
in this period that allowed for taking apart and restyling skirts as fashions changed—and thus the new seams, 
worked with the goal of minimizing the addition of new stitch holes, blended well with the originals.

At this stage, it was necessary to depart from the conservation methods followed thus far and return to 
the stitching techniques used at Worth’s workshop. Because it would not be possible to recreate the original 
styling of the skirt without using these techniques, it was deemed appropriate in this situation. Once the skirt 
panels were joined, forming a large tube of fabric, the cartridge-pleat stitches were worked along the back 
waistline. This required running two rows of large, evenly spaced running stitches in strong silk thread 
through a folded edge. The stitches were then drawn up to create a series of ordered pleats. The skirt, gathered 
and pleated to the correct dimension, was then whipstitched onto a reproduction waistband modeled on the 
PMA Worth skirt waistbands (fig. 13).

Once the waistband had been reattached, the skirt was dressed on a mannequin with a reproduction 1870 
crinoline and bustle to finish its reconstruction. To ensure proper placement of the tacking stitches that  
support the inner folds of the waisline’s side pleats and the overskirt’s front ruffles (both original construction 

Fig. 13. Waistline reconstruction: cartridge-pleat stitching (top left); waistband application (top right); back view of completed 
waistline (bottom left); side view of completed waistline (bottom right).
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details observed in all PMA Worth skirts), these final steps were undertaken when the skirt was draped over 
its foundation garments. Upon completion, the skirt was dressed with the day bodice, reuniting the two gar-
ments after many decades apart (figs. 14, 15).

6. CONCLUSIONS

The positive outcome of this treatment relied on the wide range of knowledge and technical skill called 
upon in costume conservation. The pretreatment condition of the garments necessitated an interventive and 

Fig. 15. Back before and after treatment.

Fig. 14. Front before and after treatment.
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interdisciplinary approach that was further supported by the existence of evidence gathered from multiple 
sources. The use of new conservation methods as well as more traditional techniques also contributed to the 
treatment’s success. The MFA Worth and Bobergh ensemble will never be a pristine specimen as some of its 
losses can never be recovered and some of its damage can never be reversed. In treatments such as this one, 
involving an object that has undergone many changes and sustained substantial damage, improvement rather 
than perfection must be the goal.
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painted dress. Textile Specialty Group Postprints 26. AIC and The Canadian Association for Conservation 
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ABSTRACT—Often treatments do not go as planned. Well-thought-out treatment proposals may need a 
small or sometimes a large change of plan as the work unfolds. Conservators do their best and the outcome is 
usually successful. For conservators in private practice, completion of a treatment includes instructing the cli-
ent on how to care for, store, and display the object. Then it is out of their hands, and the object is no longer 
their responsibility. They trust that the owner will care for the object. This also does not always go as planned, 
however, as the conservator discovered when a headdress she treated was returned 15 years later for addi-
tional repair. Treating the headdress a second time provided the opportunity to understand and reflect on 
how personal feelings can influence an object’s treatment.

UN CUENTO DE DOS TRATAMIENTOS

RESUMEN—A menudo los tratamientos no salen según lo planeado. Las propuestas de tratamiento bien 
pensadas pueden necesitar un pequeño o, a veces, un gran cambio de plan a medida que se desarrolla el tra-
bajo. Los conservadores hacen todo lo posible y el resultado suele ser exitoso. Para los conservadores en la 
práctica privada, la finalización de un tratamiento incluye instruir al cliente sobre cómo cuidar, almacenar y 
exhibir el objeto. Después está fuera de sus manos, y el objeto ya no es su responsabilidad. Confían en que el 
propietario se hará cargo del objeto. Sin embargo, esto no siempre pasa, como la conservadora descubrió 
cuando un tocado que ella trató hace 15 años necesitaba nuevos arreglos. Tratar el tocado por segunda vez 
brindó la oportunidad de comprender y reflexionar sobre cómo los sentimientos personales pueden influir en 
el tratamiento de un objeto.

A TALE OF TWO TREATMENTS

NANCY LOVE

1. INTRODUCTION

The conservation of a privately owned object extends beyond treatment. The conservator in private practice is 
also responsible for educating the client on storage, exhibition, and environmental concerns by providing rec-
ommendations and guidelines for its continued care. The treated object is returned to the owner and the con-
servator assumes that the object will be maintained in a stable condition—that it is a successful treatment, 
completed and finished. Occasionally an object returns for additional treatment. This was the case with an 
Onondaga ceremonial headdress treated 15 years ago. The headdress originally received treatment in 2001. 
Then in 2016 the same headdress was brought in for treatment again. 

2. HISTORY 

An image from the 1930s shows the owner’s grandfather wearing the ceremonial Onondaga headdress (fig. 1). 
He was presented the headdress for his friendship and service to the tribe, one of the five tribes of the Iroquois 
Nation. The grandfather was very proud of his beautiful headdress. The client remembered it as an honored 
family treasure. She did not remember any of the children being allowed to play with it, but she did admit that 
her grandfather had worn it for the carving of the Thanksgiving turkey. The owner had little information as to 
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how the headdress had been stored before or after the first treatment. However, the condition indicated that it 
had been on open shelving in an uncontrolled environment for long periods of time. 

3. CONSTRUCTION AND MATERIALS

The headdress (fig. 2) is very interesting both in construction and materials. The base is the crown of a man’s 
manufactured felt hat. The brim is cut off just below the leather sweatband, which was left in place. A panel of 
woven glass beads is attached to the front of the hat with stitching. The beaded roundels on either side of the 
panel are also attached with stitching. The red felt streamers are secured under the roundels. 

The headdress is adorned with 28 eagle feathers; 25 are positioned around the crown and 3 are attached to 
the top of the crown, hanging down the back. The base of each shaft is wrapped with a 10 cm section of red 
and black wool yarns. Small red and white commercially produced feathers are attached to the eagle feathers’ 
shafts. The red and black yarns are probably secondary additions to the feathers; several feathers are wrapped 
more tightly with a finer yarn of orange, pink, or brown, and these colors can also be seen under the red yarn 
on some of the feathers.

Fig. 1. Headdress in original condition in 1930s.
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The feathers are attached to the hat with rawhide strips. Each feather has a small loop made of a rawhide 
strip attached to the end of the shaft. The ends of the loop are secured under the wrapped red yarn. This and 
the attachment of the red and white feathers may be the reason for rewrapping the eagle feathers. The felt of 
the hat is slit at regular intervals around the bottom of the crown. The feathers are attached by alternately 
threading a rawhide strip into a slit in the felt and through the loop on the feather. A second rawhide strip is 
threaded through a hole in each feather halfway up the shaft. This strip supports the feathers and maintains 
the profile of the headdress. 

4. CONDITION 2001

The headdress had fallen into disrepair over the past 60 years and the object’s condition was poor (fig. 3). 
Many areas of the unsupported felt hat had collapsed, individual feathers had detached from the base with the 
failure of rotten and broken rawhide strips, the feathers had extensive loss due to insect damage, the degraded 
yarns were unraveling, and all the surfaces were covered with a thick layer of dust.

5. FIRST TREATMENT 2001

There were three main goals for the first treatment: clean the surfaces, stabilize detached and loose elements, 
and construct a mount to support and protect the headdress. The treatment steps included vacuuming all sur-
faces, wiping the feathers gently with cotton dampened with deionized water, replacing missing and broken 
rawhide loops with loops made of twill tape tinted with acrylic paint, attaching the new loops to the feather 
shaft with Paraloid B-72, reattaching the loops to the hat, and realigning the yarns and securing the loose ends 
with dots of methyl cellulose.

Fig. 2. Headdress, proper right side, after treatment, 2001.
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The headdress was mounted on an interior support of Ethafoam covered with polyester felt and a washed 
linen fabric (fig. 4). The support was attached to a base of fabric-covered blue board with a cotton twill tape 
fitted through holes in the Ethafoam and board. The headdress fit snugly over the support. The mount was 
designed so that the Ethafoam supported the crown and feathers on the front, and the board took the weight 
of and supported the feathers on the back. The headdress sat freely on the Ethafoam and could be removed. It 
was important that the headdress could be easily removed from the base if needed. It was felt that attaching it 
to the base interfered with the object’s integrity.

The treatment was successful. The owners picked up the headdress and left with plans to display it in an 
enclosed case. The object was out of the conservator’s care, and she trusted that it would be cared for.

6. CONDITION 2016

In 2016 the owners brought the headdress back in (fig. 5). It had fallen into disrepair again over the 15 years 
since its last treatment and the object’s condition was again poor if not urgent. The supporting components of 
the headdress were in very poor condition structurally. The felt was very fragile and the areas around the slits 
had split open due to the pressure of the feathers pulling on the rawhide strips. In other areas, the rawhide 
had broken or disintegrated due to the pressure from the feathers. All the original rawhide loops that were 

Fig. 3. Headdress, front, before treatment, 2001. Fig. 4. Headdress, front, after treatment, 2001.
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securing the feathers had failed. Individual feathers were detached from the base, the feathers had extensive 
loss due to insect damage, the degraded yarns were unraveling, and all the surfaces were covered with a thick 
layer of dust. In addition, the bottom of the supporting base had been removed and lost. The treatment 
appeared to have failed because the headdress had not been protected by an enclosed case, but had been left 
out on open display in an uncontrolled environment.

7. TREATMENT 2016

There were three main goals for the second treatment: stabilize the detached and loose elements, clean the 
surfaces, and construct a mount to support and protect the headdress. A fourth goal was to attach it so 
securely to the mount that it could not come off again. Although the last goal may go against commonly held 
standards of reversibility in conservation practice, it speaks to the frustration of not being able to protect an 
object and the desire to protect it in the future, even though it was not the conservator’s responsibility. This 
frustration influenced the treatment, which would be more invasive than the first.

Once again, all the surfaces were vacuumed, the feathers were gently wiped with cotton dampened 
with deionized water, and the yarns were realigned and loose ends were held in place with dots of methyl 
cellulose.

During treatment it was thought that movement caused by mechanically cleaning the feathers while still 
attached would cause more damage to the felt. The feathers were detached from the hat by removing the 
remaining pieces of the degraded rawhide strip that had originally run through the felt and the loops at the 
end of the feathers. The circular rawhide strip through the center of the shafts was stable. It was separated at 

Fig. 5. Headdress, proper right side, before treatment, 2016.
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the back. This allowed the feathers to be supported on a flat surface during treatment and kept them in the 
original order. 

7.1 FIRST PLAN
The first plan was to reattach each feather through the hat directly to the Ethafoam support. This treat-

ment would have made the feathers dependent on the Ethafoam rather than the fragile felt. Removing the 
headdress from the mount would again separate the feathers from the hat. At this point the treatment took an 
unexpected turn influenced by the owner. He felt that by attaching the headdress to the mount permanently it 
would become a sculpture and lose its integrity as a ceremonial headdress. The conservator had lost track of 
this, despite it having been a deciding factor in the first treatment.

Instead, a cap was created to support the headdress and the feathers (fig. 6). The cap was made of buckram 
that was wetted and shaped to fit the interior of the hat. The structure was surprisingly strong and stable. It 
was covered with a layer of polyester batting to cushion and help hold the hat in place. The cap fit over the 
Ethafoam mount.

The plan was to angle the feathers, being mindful of the original shape of the headdress. Each feather was 
attached in two places along the shaft with loops of six-strand DNC embroidery thread stitched directly 
through the felt and the buckram, and secured on the interior with knots. During this procedure the conser-
vator sat on a low stool under the table, peering into the cap, pulling the needle with pliers, and pricking her 
fingers. The treatment proved to be invasive to both the object and the conservator.

After all the feathers were reattached, the cap was positioned on the mount and the results were observed 
(fig. 7). The headdress had been reconstructed with the feathers sticking straight up as though it was sur-
prised. The angle of the feathers had completely changed, resulting in the upright shape of the headdress. 

Fig. 6. Feathers being reattached to hat, during treatment, 2016.
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7.2 REVISED PLAN
The treatment plan was revised. The feathers needed to be attached to the hat at the end of each shaft. The 

fragments of degraded rawhide were removed from around the ends of the shafts. The missing loops were 
replaced with cotton twill tape tinted with acrylic paint, the method used in the first treatment. The tape was 
attached to the feathers with Paraloid B-72. 

The feathers were reattached with a stitch of the DNC cotton thread going in and out the slits in the felt 
and through the buckram (fig. 8). This method was much easier and less invasive and destructive to the object 
and conservator. The buckram cap was placed on the Ethafoam mount, the middle rawhide strip was recon-
nected, and the feathers fell into their original position. This seemed like a miracle, but it was because the per-
son who made the headdress knew what they were doing, another important aspect the conservator had lost 
sight of.

The DNC thread attaching the feathers was reinforced with a stainless-steel pin placed through the twill 
tape loop on every other feather. The mount was attached to a new linen-covered support base. The mount 
supports and protects the headdress. Attaching the headdress to the mount semipermanently with pins was a 
compromise between the owner and the conservator; in the owner’s view the headdress retains its integrity.

Fig. 7. Feathers reattached at wrong angle, during treatment, 2016.
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Fig. 8. Correct placement of feathers, during treatment, 2016.

Fig. 9. Headdress in planned exhibit space, proper right side, after treatment, 2016.

The owners once again picked up the headdress. The custodial responsibility has been passed on to a 
new generation of family members. They have created an area in their home to display the headdress in a 
UV-filtering Plexiglas case (fig. 9). Once again, it is out of the conservator’s control and no longer her 
responsibility. And again, she trusts them to care for it. 
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8. CONCLUSIONS

In retrospect the original conservation treatment of the headdress in 2001seems to be straightforward. The 
headdress was examined, a treatment was proposed addressing the physical preservation of the object and the 
client’s concerns, and it was successfully completed. Although the second treatment in 2016 should have been 
straightforward, the conservator’s frustration over the inability to protect the object after it had been treated 
and the desire to protect the headdress in the future influenced the treatment decisions. The treatment 
emphasized the physical protection of the object and lost sight of the client’s concerns for the headdress’s cere-
monial qualities. Working on the headdress allowed the conservator to recognize that these personal concerns 
were leading to unwanted results. This understanding led to a reassessment of the treatment that was less 
invasive to the object, respected the owner’s concerns, and was satisfactory to the conservator.     
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ABSTRACT—The Royal Alberta Museum has an unusual baby quilt in its collection from the Kainai First 
Nation. Its construction is unique with a decorative quilted side and a thermal skin side for warmth. The 
cotton quilted side is made up of vertical bands, some continuous and some formed of patchwork squares, 
while the thermal side is made from a series of gopher skins attached to a flour sack.

Over the years the quilt suffered from major pest damage, severe soiling, and distortion. After 
colorfastness testing, it was determined that it could be safely wet-cleaned but the layers would need to be 
separated. Although not an easy decision, after weighing the pros and cons in consultation with the curator, it 
was decided that the benefits of wet-cleaning outweighed the possible changes from separating and reassem-
bling the layers. After cleaning and humidification and flattening of the skins, stabilization followed and the 
losses were filled in. 

Visitors can now view the quilt as a whole and appreciate it for what it was. It is more stable, its appear-
ance is improved, and its life span is increased, making it more accessible for generations to come.

DECONSTRUIDA: RESTAURANDO LA INTENCIÓN Y LA INTEGRIDAD DE UNA RARA 
COLCHA DE BEBÉ FORRADA CON PIELES DE ARDILLA DE LOS KAINAI 

RESUMEN—El Museo Real de Alberta tiene en su colección una colcha de bebé inusual de la Primera Nación 
Kainai. Su construcción es única con un lado decorativo acolchado y un lado de piel térmica para la calidez. 
El lado acolchado de algodón está formado por bandas verticales, algunas continuas y otras formadas por 
cuadrados de mosaico, mientras que el lado térmico está hecho de una serie de pieles de ardilla unidas a un 
saco de harina.

Con el paso de los años, la colcha sufrió daños importantes de plagas, suciedad grave y distorsión. 
Después de la prueba de solidez del color, se determinó que se podía limpiar con agua de forma segura, pero 
las capas tendrían que separarse. Aunque no fue una decisión fácil, después de sopesar los pros y los contras 
en consulta con el curador, se decidió que los beneficios de la limpieza superaban los posibles cambios de sep-
arar y volver a ensamblar las capas. Después de la limpieza, humidificación y aplanamiento de las pieles, se 
siguió la estabilización y se rellenaron las pérdidas.

Los visitantes ahora pueden ver la colcha como algo completo y apreciarla por lo que era. Es más estable, 
se mejoró su apariencia y aumentó su duración de vida, por lo que es más accesible para las generaciones 
venideras.

DECONSTRUCTED:  RESTORING THE INTENT AND INTEGRITY OF A RARE KAINAI 
SQUIRREL–LINED BABY QUILT

SHIRLEY ELLIS

1. INTRODUCTION

The Royal Alberta Museum in Edmonton, Alberta, Canada, acquired a rare baby quilt in 1965 from George 
First Rider, a member of the Blood Tribe, or Kainai, in southern Alberta (fig. 1). At that time the quilt was 
documented as being 61 years old. Mr. First Rider said it had been his as a baby, and he was born in 1904. 

The quilt was unique in the way that it was constructed, with a decorative cotton quilt top made up of ver-
tical, multicolored bands—some continuous and some formed of patchwork squares. The thermal fur side, 
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which provided warmth, was made from a series of gopher skins (or Richardson’s ground squirrel, Urocitellus 
richardsonii, as identified by the Royal Alberta Museum mammalogist). They were stitched together with 
cotton thread. The furs were attached to a flour sack, with “Cardston, Alberta” visible. The Cardston Flour 
Mill had been established in southern Alberta during the late 1800s.

2. CONDITION

The quilt had suffered over the years and its condition was poor (figs. 2, 3). When it came to the laboratory it 
was almost unrecognizable as a quilt; it was crumpled up in a heap. The structural damage consisted of major 
losses, some due to rodents—where areas had been chewed, causing extensive losses and distortion—and 
others, such as most of the lower border, the causes of which were unknown. One of the black squares on the 
quilt top was shredded with only some yarns remaining. The fur side experienced severe moth damage 
resulting in losses of the fur/skin, as well as some loss of the green wool fabric strip along one side (at one 
point there may have been another strip along the other side if the quilt was symmetrical). There were other 
tears and holes and previous repairs. The soiling was also extensive and consisted of urine stains, mildew, 
insect debris (frass, moth cocoons, insect fragments), unidentified stains, and overall dirt.

Red color was visible in two areas, one on the flour sack and the other on a fur; the source or sources of 
these were unclear. The stains on the flour sack may have been dye transfer and on the fur possibly blood, or 
maybe from some other source entirely.  

Finally, there were numerous distortions throughout, including creases and folds on both the quilt top 
and fur/skin side.  

Fig. 1. After treatment, both sides visible.
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Fig. 2. Quilt side, before treatment.

Fig. 3. Fur side, before treatment.



Textile Specialty Group Postprints Volume 27, 2017 152

DECONSTRUCTED:  RESTORING THE INTENT AND INTEGRITY OF A RARE KAINAI 
SQUIRREL–LINED BABY QUILT

3. DECISION MAKING

Cleaning and stabilization would help to preserve the quilt. Colorfastness testing revealed that the textile 
components could be safely wet-cleaned without dye loss, but the layers would need to be separated. There 
were two main layers, each with a supplemental component; the furs were attached to the flour sack, and the 
quilt top had a backing that was integrated by rows of stitching. The two main sections, the thermal fur side 
and decorative quilt top, were stitched together around the perimeter with cotton thread. Separating these 
sections was not an easy decision. Weighing the pros and cons in consultation with the curators, it was 
decided that the benefits of wet-cleaning outweighed the changes and loss of original material that could 
occur in the separation and reassembly of the layers. The decision was unanimous, because it would offer the 
best-case scenario for preservation and stability. Additionally, filling in the losses would restore the quilt’s 
integrity, making it more visually accessible to the viewer.

4. TREATMENT

4.1 PHASE I: QUILT TOP
Prior to separating the layers, the construction was documented through notes, tracings, and 

photographs. Separation of the quilt top from the fur layer was undertaken by clipping stitches and saving 
the threads. Cleaning began by vacuuming both sides and mechanically removing the insect debris using 
tweezers. With the quilt top separated from the fur side, it was prepared for wet-cleaning by providing the 
weak areas with some support. They were sandwiched between netting and basted. The Royal Alberta 
Museum’s standard wet-cleaning procedure was performed in deionized water, beginning with a 
20-minute presoak, followed by a 10-minute, 0.3% w/v Orvus WA Paste anionic detergent wash. The quilt 
was then rinsed repeatedly, blotted with towels, and pinned out with a drying cloth over top. As noted 
earlier, there may have been red dye transfer on the flour sack layer, and although no colors exhibited any 
dye transfer in testing, a drying cloth was used as a precaution. No color bled. Fans assisted with the 
drying phase. 

Stabilization of both layers of the quilt top—the decorative front and backing—were carried out by using 
either 100% cotton or polyester/cotton fabric; the selection was dictated by the best color match. Ideally, only 
100% cotton would have been used to match the original, but appropriate colors were not always available in 
the local fabric stores and custom-dyeing fabric was considered prohibitively time-consuming. It seemed that 
in a relatively stable museum environment, any dimensional changes with a polyester/cotton blend due to 
fluctuations in the relative humidity would be minimal and not cause excessive stress. In addition, the polyes-
ter/cotton fabric seemed to have a reduced sheen, which was desirable in some areas, being more compatible 
with the original. The weaknesses were supported by couching to the backing with ultrafine Gütermann Skala 
polyester thread. Where the loss was greater than just one quilt square, neutral beige fabric was pieced 
together, imitating the pattern of the quilt (figs. 4–6). 

A decision was made to encase the shredded black quilt square with sheer polyester Tetex. However, the 
loss was so extensive that it was found to be distracting with only the sheer fabric visible. To compensate for 
the loss, black polyester/cotton fabric was inserted between the ground layer and the original black layer, with 
the Tetex already on top (figs. 7, 8). Because it was challenging to do this with the sheer fabric already in 
position, Mylar was slipped between the layers to help with the insertion of the polyester/cotton fabric and 
then it was removed. 
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Fig. 4. Detail of quilt side, before treatment.

Fig. 5. Detail of quilt side, after treatment.
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Fig. 6. Detail of multiple squares, after stabilization.

Fig. 7. Detail of shredded black square, before treatment.
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4.2 PHASE II: FUR SIDE
Initially, the hope was that the fur side would not have to be separated from the flour sack; however, the 

soiling, staining, and distortions were extensive (fig. 9). Again, with curatorial consultation it was decided that 
with the quilt top now clean, it would be beneficial for the backing to be cleaned too. Tracings of the fur layer 
were made onto Mylar and then the layers were separated. The green wool strip was removed because it was 
not colorfast; instead it was wet-cleaned on its own.

The flour sack was vacuumed and then prepared for a standard wet-cleaning procedure by temporarily 
sandwiching the weaknesses in netting. Wet-cleaning using deionized water followed: a presoak, 0.3% w/v 
Orvus anionic detergent wash, numerous rinses, and blotting with towels. The sack was pinned out to dry 
with a fan to assist. The weaknesses and losses were stabilized by couching to a polyester/cotton fabric backing 
using Skala polyester thread (figs. 10, 11).

The green wool strip was also stabilized with a polyester/cotton blend using the Skala thread to couch the 
losses in place. As before, finding the perfect green wool fabric was next to impossible in Edmonton, so a 
polyester/cotton blend in a good color match was chosen for the reasons previously stated. It was unlikely to 
cause stress to the original fabric because of the stable museum environment and it fulfilled the need to fill in 
the loss with a good color and stabilize the area.

Originally the skins were attached to each other, but with the structural damage there were major losses 
and many of the remaining skins were distorted. After low-suction vacuuming and mechanical cleaning with 
tweezers to remove the larger debris, the skin layer was humidified using two different methods.  First, a 
humidification chamber was made and the skin layer was placed inside on egg crating suspended over water. 

Fig. 8. Detail of shredded black square, after stabilization.
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Fig. 9. Fur side prior to separation, during treatment.

Fig. 10. Flour sack, before wet-cleaning.
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Tenting was loosely positioned over top. After 3 hours in a humid environment, the skins were gently 
manipulated by hand and flattened, followed by laying light Plexiglas weights over the top. The skins were left 
overnight with the tenting removed to keep the relative humidity lower; it did not exceed 50%. Although this 
approach was moderately successful, localized humidification was still necessary. It was accomplished by lay-
ing Gore-Tex directly over the skins followed by dampened flannelette, then Mylar. Light Plexiglas weights 
were again used for flattening, but some distortions still remained. Complete flattening was finally achieved by 
pinning out the skins with fine entomology pins using existing holes.

After the distortions were removed from the fur/skin layer, it was apparent that support was needed to 
hold it as one unit because of the numerous losses. Tan-colored nylon tulle was considered a suitable choice 
because it is virtually invisible, causing no additional visual interference. It does not require any finishing of 
the cut edges and has the strength to provide the necessary support. The furs were positioned onto the tulle, 
then stitched down with a tan-colored cotton thread using the existing holes where possible—for example, 
between the skins (fig. 12). Some additional stitches using ultrafine Skala thread were added where there was 
a major loss or tear in the body of the skin; these were kept to an absolute minimum. Once the furs were 
attached to the nylon tulle, the excess tulle was trimmed away along the perimeter.

With the fur layer supported, it could be reattached to the flour sack using the existing holes in both the 
skins and flour sack where possible. Some bagging had been present in the flour sack in the original 
construction, so this was eased back into place and secured with fine pins. The original sewing thread, 
supplemented by new cotton thread, was stitched using a running stitch in the original holes. The wet-cleaned 
and stabilized green wool strip was then reattached along the right side, again using existing holes where pos-
sible and the original thread.

Fig. 11. Flour sack, after wet-cleaning and during stabilization.
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The two main sections—the quilt top, with its attached back, and the fur/flour sack layer—were ready to 
be reassembled. The fur and flour sack unit was positioned on the reverse side of the quilt top, attempting to 
align the original stitching holes. Fine pins held it in place while it was stitched with the original black cotton 
thread now supplemented with a new, similar weight, cotton thread. The two sections did not align perfectly 
together, as the quilt top was slightly bigger than the fur/flour sack layer, requiring this to be eased back in for 
reassembly (figs. 13, 14).

Fig. 12. Humidified and flattened furs secured to tulle.

Fig. 13. Quilt side, after treatment.
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5. CONCLUSIONS

Evaluating this treatment, the pros are that the textile components are cleaner and their acidity is reduced, 
both better for long-term preservation. In addition, the textiles are stabilized with compatible fabric choices, 
filling in the losses, allowing visitors to now view the quilt as a whole and to appreciate it for what it was. The 
distortions on the skin side are no longer there, leaving them flattened. Stitching the skins to a nylon tulle 
support stabilized and unified them. Some of the apparent fur losses are gone; removing the distortions 
allowed the original material to fill these in. The cons are that the quilt was disassembled. Old threads break 
and inevitably there is less thread for reuse due to the need to cut or unpick knots. New thread had to be 
added. And once wet-cleaned, components were flatter and seemed bigger; original sewing holes were not so 
obvious. The construction was not exactly as it was prior to the disassembly, despite great care.

This quilt was treasured for what it was: a colorful, soft, cuddly blanket that kept baby George warm, made 
by someone who cared for him. It was unusual at the time and rare today. It is important to consider where 
the value of an object lies. This is often not black and white, but rather shades of gray: is it in its construction 
and materials or how it was used? Its potential for study and research? Or is the object simply an end in itself, 
appreciated for what it was—the history of who owned it, who made it, its meaning, its beauty, its intrinsic 
value. For this object, this is where its value lies. The curator has said that this quilt receives a lot of attention 
and is viewed as a very special object; it is appreciated by the people, by the family. So for that reason, the 
degree of intervention was worth it and valid. In the end, the baby quilt is more stable and its life span is 
increased. Its appearance is improved and its integrity is restored. Now it is more accessible to visitors and 
generations to come.

Fig. 14. Fur side, after treatment.
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ABSTRACT—Recently two very different types of tapestries were cleaned with agarose gels at the Textile 
Conservation Laboratory of the Cathedral Church of St. John the Divine in New York City.

A set of six William Baumgarten tapestries, dated to the 1910s, had been subjected to the normal environ-
mental fluctuations of a privately owned New York City townhouse for almost 100 years. Several water pipe 
leaks also left dark staining. The silk wefts were so desiccated that they were powdering, and the tapestries 
were far too fragile for immersive wet-cleaning. Agarose gels offered a safe and effective way of cleaning and 
conserving the tapestries.

The second case study is a multicolored wool Agam tapestry with a white cotton ground from the 1970s. 
It had large amounts of hard, yellow polymer glue in thick layers along the back of the top and bottom edges. 
Testing determined that the red and black yarns were not colorfast, excluding the possibility of aqueous clean-
ing. Agarose gels were used as a vehicle for the application of the amyl acetate, which was used to soften the 
glue, because the gels would allow for a targeted treatment that would reduce the amount of human contact 
with the amyl acetate. 

AGAROSE DOS MANERAS: ÉXITOS Y DESAFÍOS EN APLICACIONES DE GEL  
A GRAN ESCALA

RESUMEN—Recientemente, se limpiaron dos tipos de tapices muy diferentes con geles de agarosa en el 
Laboratorio de Conservación de Textiles de la Catedral de San Juan el Divino.

Un conjunto de seis tapices de William Baumgarten, datados de la década de 1910, se había sometido a las 
fluctuaciones ambientales normales de una casa de la ciudad de Nueva York de propiedad privada durante 
casi 100 años. Varias filtraciones de tuberías de agua también dejaron manchas oscuras. Las tramas de seda 
estaban tan disecadas que estaban empolvadas, y los tapices eran demasiado frágiles para una limpieza húm-
eda inmersiva. Los geles de agarosa ofrecieron una forma segura y efectiva de limpiar y conservar los tapices.

El segundo caso de estudio es un tapiz de Agam de lana multicolor con un fondo de algodón blanco de la 
década de 1970. Tenía grandes cantidades de adhesivo de polímero duro y amarillo en capas gruesas a lo largo 
de la parte posterior de los bordes superior e inferior. Las pruebas determinaron que los hilos rojo y negro no 
eran resistentes al agua, excluyendo la posibilidad de una limpieza acuosa. Los geles de agarosa se usaron 
como un vehículo para la aplicación del acetato de amilo, que se usó para ablandar el adhesivo, ya que los geles 
permitirían un tratamiento dirigido que reduciría la cantidad de contacto humano con el acetato de amilo.

AGAROSE TWO WAYS: SUCCESSES AND CHALLENGES IN LARGE-SCALE  
GEL APPLICATIONS

DANA GOODIN

1. INTRODUCTION

The subject of this essay is the challenges and successes of using agarose gels in two tapestry conservation 
projects undertaken within the past few years at the Textile Conservation Laboratory at the Cathedral Church 
of St. John the Divine in New York City. The two projects, the conservation of a set of Baumgarten tapestries 
(fig. 1) and an Agam tapestry (fig. 2), required cleaning methodologies that did not include immersive wet-
cleaning. Agarose gels were investigated as a possible method to clean the tapestries.
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Fig. 1. Three of the six Baumgarten tapestries in situ in the New York City townhouse, ca. 1910. Courtesy of the Textile  
Conservation Laboratory at Cathedral Church of St. John the Divine.

Fig. 2. A tapestry designed by Yaacov Agam, before treatment, ca. 1970s.
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Although prior conservation case studies involving agarose gels as a textile cleaning method were con-
sulted, there was a lack of published articles using agarose treatment on tapestries. For both the Baumgarten 
tapestries and the Agam tapestry, it was necessary to create a new protocol and methodology for using aga-
rose gels on textiles that were both thicker and larger than the textiles in the earlier published agarose gel 
treatments. Both agarose treatments had successes and challenges, which were defined by the characteristics 
of the tapestries themselves.

2. BAUMGARTEN TAPESTRIES

William Baumgarten (1845–1906) founded his interior design firm and tapestry workshop in New York City 
in 1893 (Zrebic 1980). The firm was one of the first producers of European-style tapestries in the United 
States. Baumgarten is credited with designing the interiors of multiple homes for wealthy families, such as the 
Astor and Vanderbilt residences in New York City (Zrebic 1980). He is also credited with designing the inte-
rior of the William Welsh Harrison Grey Towers Castle, which is now part of Arcadia University. 

In 2012 a set of six Baumgarten tapestries was discovered in a privately owned Upper West Side town-
house. The townhouse had been built and designed around the turn of the 20th century. The six tapestries had 
been installed within a wood-paneled room, in situ, and had remained there until their 2013 deinstallation. 
The room had been converted into a studio apartment rental with a small bathroom and kitchenette.

The six tapestries are in the popular 18th century alentours style, made famous by the Rococo painters 
Charles-Antoine Coypel and François Boucher (Hunter 1915). On the first tapestry treated, the workshop’s 
signature “B/ N•Y” is located in the lower left-hand corner (fig. 3).

Fig. 3. Baumgarten’s signature on panel 1. Courtesy of the Textile Conservation Laboratory at Cathedral Church of  
St. John the Divine.
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Through fiber microscopy it was determined that the tapestries have cotton warps and silk and wool 
wefts. Due to the environment of the townhouse and the initial poor quality of the silk, the silk is in an 
advanced state of deterioration.

2.1 CONDITION OF BAUMGARTEN TAPESTRIES
Since their installation the tapestries had been subjected to the normal environmental fluctuations of a 

New York City townhouse for over 100 years. All four sides of each tapestry were attached to the wall with 
hundreds of nails, limiting their movement. As a result, all of the tapestries suffered small splits from the 
expansion and contraction of the fibers caused by the temperature and humidity fluctuations in the room.

There were also several leaks from water pipes and outside walls that left dark staining (fig. 4). 
The leaks had caused the plaster backings of the in situ frames to create white streaks visible on the  

surface of the tapestries, and close proximity to lamps had caused areas of discoloration and color change. 

Fig. 4. Dark staining from leaks on the upper left corner of panel 1. Courtesy of the Textile Conservation Laboratory at  
Cathedral Church of St. John the Divine.
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There were areas of concentrated black particulate, and the colors of the tapestries appeared muted, dull, and 
even dark due to the century’s worth of soiling embedded in the yarns. 

The linen lining of one of the tapestries had detached and dropped to the base of the tapestry frame, push-
ing out through the bottom edge and severely tearing the tapestry in the process (fig. 5). Another tapestry had 
been torn to access an electricity box.

Additionally, the tapestries were all extremely dry and stiff. The silk used throughout the tapestries was 
desiccated and powdering upon touch. Gentle vacuum testing collected small piles of shattered silk fibers and 
dirt particulate. While samples were being prepared for fiber identification, they shattered into powder. After 
deinstallation, the tapestries were gently rolled and stored within a humidity tent set up in the laboratory  
(fig. 6). The humidity tent maintained a constant relative humidity of 52% to 58%.

Fig. 5. Fallen linen lining, pushing through bottom of tapestry before deinstallation. Courtesy of the Textile Conservation  
Laboratory at Cathedral Church of St. John the Divine.

Fig. 6. Panel 1 during treatment in the humidity tent. Courtesy of the Textile Conservation Laboratory at Cathedral Church of 
St. John the Divine.



Textile Specialty Group Postprints Volume 27, 2017 166

AGAROSE TWO WAYS: SUCCESSES AND CHALLENGES IN LARGE-SCALE  
GEL APPLICATIONS

The first tapestry to be treated, panel 1, was unrolled and laid flat on a table for several months in the tent 
to allow it to rehumidify before treatment was attempted. 

2.2 TREATMENT TESTING AND CONSIDERATIONS
Given the poor condition of the tapestry, the option of an immersive wet-cleaning treatment was immedi-

ately eliminated. The fear was that the powdering silk would simply wash away in the bath. Cotton linter poul-
tices and gentle suction cleaning methods were tested, but it was determined that the standard poultice 
treatments were not effective. Agarose gels were tested as an alternative poultice, as they could possibly be 
used to target and spot-clean the most egregious surface staining. Recent research (Sahmel et al. 2012) into 
agarose gel cleaning techniques highlighted the ability of agarose gels to provide contained staining removal 
without the necessity of wetting the entire textile. However, in that study, the gels had primarily been tested 
on thinner textiles such as cotton samplers. 

After further research and testing it was determined that an agarose gel treatment could potentially be 
beneficial for cleaning the entirety of the tapestry, as well as providing additional humidification to the desic-
cated fibers. The use of agarose gels is similar to the cotton linter poultices used for stain removal in textile 
conservation; however, the gels were investigated as an alternative because of their drape and flexibility, as 
well as their smooth surface. Cotton linters and gauze were briefly tested initially as poultice treatment vehi-
cles; however, the linters were difficult to remove and left small particles behind that later had to be removed 
with tweezers. As the gauze dried it clung to the tapestry surface and its removal dislodged powdering silk 
fibers.  There was concern that given the tapestry’s condition, any additional surface manipulation would 
result in greater deterioration and further loss of the desiccated and powdering silk fibers. 

2.3 AGAROSE GEL BACKGROUND
Agarose gels are rigid polysaccharide gels. The gels are formed when agarose powder, derived from certain 

strains of algae, is combined with water and brought to a boil (Warda et al. 2007). The gels can be cast in 
almost any thickness, shape, and size. Through capillary action, agarose gels can pull solubilized soiling and 
particulate matter out of a textile and back into the gel (Sahmel et al. 2012). A mild detergent, such as Orvus 
WA Paste, can be added to solution before the gels are cast to facilitate soiling removal (Mina 2015). Usually, 
the gels are cast at 2% w/v for slower solution release during testing but used in treatment at 1% w/v (Mina 
2015). Ideally, the material being treated is smooth and is in a condition where it can be exposed to suction 
for rinsing. Unfortunately, because the tapestry was so fragile, suction would remove too much of the powder-
ing silk fibers and would scratch the wet yarns. Therefore it was determined that agarose gels with deionized 
water would also be used to rinse any lingering detergent from the tapestry, instead of the more common 
suction rinsing.

2.4 AGAROSE GEL TREATMENT AND TESTING
Through testing, the density of the 1% w/v agarose gels was found to be too low for this treatment. 

Although the 1% w/v gels draped well and had good contact with the surface of the tapestry, they deposited 
too much moisture too quickly in the tapestry yarns, and the surface of the gels was sticky and did not allow 
them to be removed cleanly. After removal, there appeared to be residue and the remnants of gel left behind 
on yarns in the tested area. Because the use of suction on the silk areas was out of the question, there was no 
definitive way to remove the gel remnants.
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It was determined that the best gels were cast at approximately 0.25-in. (6 mm) thickness and had a 3.5% 
w/v concentration. These gels did not leave remnants on the tapestry, had a slow rate of diffusion, and were 
heavy enough to maintain good surface contact. Based on initial testing that showed a greater removal of soil-
ing using gels made with a mild detergent solution, the anionic detergent Orvus WA paste was added to the 
cleaning gels at ratio of 5 mL Orvus to 300 mL deionized water. The gels used for rinsing remained just aga-
rose and deionized water. A large photography tray was used to cast the gels and was cleaned with a mixture 
of alcohol and deionized water between treatments to inhibit biological growth. Prior to treatment the gels 
had a pH of 6. Once the gels had set, they were cut from the tray and placed piece by piece over the entire tap-
estry and were left in place for two hours (fig. 7). Once the gels were removed, they were examined for reuse. 
The damp tapestry was then covered with cotton drying sheeting, lightly sprayed with deionized water, and 
patted down. The sheeting was used to prevent further dye migration while drying. The tapestries were 
allowed to air-dry within the humidity tent after treatment.

Three of the six Baumgarten tapestries were cleaned with the agarose gels before the client decided to dis-
continue treatments. Each tapestry was covered in its entirety six times with the agarose gels. The tapestries 
did not receive any spot treatment aside from the microsuction treatment used on the wool areas described in 
section 2.6. 

2.5 REUSING AGAROSE GELS
One of the treatment challenges was the cost of the agarose gels, both in regard to time and money. 

Molecular biology–grade agarose powder cost a little over $300 for 500 g at the time of writing. Producing the 
amount of agarose gels to sufficiently cover a Baumgarten tapestry for one round of treatment took approxi-
mately 5 hours, and it took another hour to lay out the gels on the tapestry. Therefore, to keep the cost of 
treatment reasonable, it was necessary to explore the reusability of the gels.

The “dirty” gels were placed in a plastic bin with 1% Orvus and deionized water solution to be “rinsed.” 
They were left for 3 days, until the Orvus solution had turned dark yellow. They were then removed and 

Fig. 7. Applying gels to cover the entirety of the tapestry. Courtesy of the Textile Conservation Laboratory at Cathedral Church 
of St. John the Divine.
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placed on white china silk to test for soiling, as it was hypothesized that the silk would show dirt transfer more 
clearly than the tapestry. If cleaned gels did not transfer soiling onto the white china silk, it would be safe to 
assume that they could be reused on the tapestry. Testing determined that three rinses of the dirty gels were 
enough to prevent soiling transfer back into the silk. After three rinses in the Orvus solution, the pH of the 
gels also changed and became closer to a neutral pH, despite being highly acidic after use on the tapestry. 
After about three reuses, the gels began to crumble and were no longer usable. However, the ability to reuse 
the gels saved considerable time and money.

2.6 AGAROSE GEL TREATMENT EFFECT
The agarose gel treatment made the silk noticeably brighter and removed soiling and staining (fig. 8). For 

the wool, a more aggressive cleaning strategy was necessary. To remove the accumulated dirt particulates in 
the wool at both the bottom and top edges of the tapestry, those areas were treated with thicker gels, approxi-
mately 0.5-in. (12.7 mm) thick. After the gel treatment, the area was then cleaned again using microsuction. A 
mild solution of Orvus WA Paste and deionized water was applied with a cotton swab and the moisture was 
removed using a small pipette attached to a Tiger-Vac on low suction.

In addition to improving the appearance of the tapestries, the gels were able to provide a much greater 
amount of humidification than the humidity tent. The additional moisture deposited by the gels more effec-
tively preserved the structure of the deteriorating silk fibers than the passive tent humidification. Before the 
agarose gel treatment, the silk fibers shattered when being prepared for microscopy. In contrast, after treat-
ment, about a third of the fibers maintained their structure and did not shatter (fig. 9). The humidification via 
the agarose gels also noticeably improved the flexibility of the tapestry.

Prior to the gel treatment, even after well over a year under passive humidification in the humidification 
tent, the tapestry was stiff and unyielding, but after treatment, it was possible to roll the tapestry easily, which 
allowed for the suction cleaning of the darkened wool in the center cartouche. The new flexibility also allowed 
for the application of some stabilizing stitches to close the most egregious tear along the bottom edge on the 
first tapestry treated. Reweaving or an application of a Velcro hanging system would never be possible for the 

Fig. 8. Upper-left corner of panel 1, before (left) and during (right) treatment. Courtesy of the Textile Conservation Laboratory 
at Cathedral Church of St. John the Divine.
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tapestries. Prior to the client deciding not to continue treatments, a mounting system using magnets with  
digitally printed backing fabrics was being considered.

3. AGAM TAPESTRY

The other tapestry that needed an agarose gel treatment was designed by the Israeli experimental artist Yaacov 
Agam and woven in the Goubely Aubusson workshop. The tapestry is dated between 1970 and 1980. Agam is 
primarily known for his kinetic and optic art and often uses prisms to create a rainbow of colors (Thomason 
2016). Like the Baumgarten tapestries, the Agam tapestry also has wefts that made immersive wet-cleaning an 
impossibility, but for very different reasons. Through fiber microscopy it was determined that the white 
ground yarns were wool and the various colored yarns were blends of wool and synthetic fibers. The warp 
fibers were identified as cotton.

3.1 AGAM TAPESTRY CONDITION AND CONSTRUCTION
The tapestry arrived with a lining attached to the back. The front of the tapestry was gray and sooty, while 

the back of the tapestry, protected by the lining, was clean, and showed the true colors of the yarns. Unfortu-
nately, a hard, yellow glue had been used in the initial application of the tapestry lining, which was subse-
quently cut off and whip-stitched back on. The glue was initially thought to be hide glue due to its appearance 
and consistency, but its lack of water solubility and resistance to heat led the conservator to believe that there 
was a polymer element present; however, the laboratory did not have the resources to test it. The glue was 
hardened along the top and bottom 5 cm. of the tapestry (fig. 10). The glue appeared to have been applied 
hastily and unevenly and in several places saturated the tapestry and could be seen from the front (fig. 11). 
The removal of the glue would become the central challenge of the tapestry’s conservation treatment.

3.2 PRELIMINARY TREATMENT TESTING FOR AGAM TAPESTRY
In preliminary treatment testing it was determined that the tapestry could not be wet-cleaned. All of the 

21 different colored yarns used in the tapestry were tested for colorfastness. The majority of the colored yarns 

Fig. 9. Silk fibers under microscopy, before (left) and after (right) treatment. Courtesy of the Textile Conservation Laboratory 
at Cathedral Church of St. John the Divine.
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exhibited no dye bleed; however, the red and black yarns were determined not to be colorfast in a mild Orvus 
solution. Because the border yarn was white it was determined that wet-washing was far too risky because 
even a small amount of dye bleed would be noticeable on the white wool. Because the tapestry could not be 
wet-cleaned, a dry-cleaning sponge was used to clean the soiling on the front side of the tapestry.

Fig. 10. The polymer-hide glue on the back of the tapestry. Courtesy of the Textile Conservation Laboratory at Cathedral 
Church of St. John the Divine.

Fig. 11. The glue so heavily saturated the tapestry that it was visible on the front. Courtesy of the Textile Conservation  
Laboratory at Cathedral Church of St. John the Divine.
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It was clear that it was necessary to remove the old lining and apply a new one along with a Velcro hang-
ing system. Although the presence of the glue would likely accelerate the deterioration of the tapestry, it was 
also inconveniently located right where the new lining and Velcro hanging system would be stitched on. As 
long as the glue remained it would be impossible to pass a needle through the tapestry. Therefore, it was 
determined that the treatment must involve the removal of as much of the glue as possible.

A variety of solvents and solutions were tested to determine which would be the most effective for removing 
the glue without damaging the tapestry. Industrial methylated spirit, acetone, and Orvus solutions initially proved 
to be the most effective in softening and dissolving the glue. However, the amount of time required to remove the 
glue was too long, so further solvents—including ethanol, mineral spirits, and amyl acetate—were tested.

Amyl acetate removed the most glue. The next step was testing the amyl acetate on a small area of the tap-
estry using a capillary action removal method with blotter paper and cotton linters. For this method, the blot-
ter paper was cut in the shape of the embedded glue stain and one side gently tufted. It was then placed on top 
of the stain and cotton linters placed on top. Amyl acetate was then applied, using a dropper, to the cotton 
linters and then the cotton linters were covered with a small piece of aluminum foil. After 20 minutes, the 
blotter and linters were removed and the softened glue gently rubbed with a cotton swab to test how well the 
method softened the glue. The cotton swab showed significant amounts of glue being removed. 

3.3 TESTING AGAROSE GEL AS VEHICLE FOR SOLVENT DELIVERY
Agarose gel was then tested as a vehicle to deliver the amyl acetate. The advantages to using a rigid gel to 

apply solvent are that, given the uneven surface of the tapestry and the glue, the gel can have greater surface 
area contact with the tapestry due to its drapability, and it can be left for long periods of time. It was hypothe-
sized that the agarose gel would also allow for a slower diffusion of the amyl acetate via capillary action, which 
would minimize the possibility of tidelines. It was thought that the use of agarose gel would be more practical 
and efficient, since the rigid gels could be left in contact with the tapestry for several hours, allowing the con-
servator to work on other aspects of the project. 

To test the agarose gel with amyl acetate, a 10% w/v agarose gel with 20 mL amyl acetate and 1 mL 1% w/v 
Orvus solution in 100 mL total solution was placed onto the glue near the lower-left corner of the tapestry. 
Gauze was placed under the tapestry, and Mylar and glass weights were placed on top of the rigid gels. The 
gels were left in place for 4 hours, during which time the tapestry was checked every 30 minutes for signs of 
tidelines or diffusion to the front side. Although there was no visible change in the gel or evidence of particu-
lates within the gel, the area where the amyl acetate gel had been lightened and softened considerably, suggest-
ing the removal of glue (fig. 12).

Fig. 12. Testing gels as amyl acetate carrier. Courtesy of the Textile Conservation Laboratory at Cathedral Church of  
St. John the Divine.
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3.4 ADAPTING AGAROSE GEL TREATMENT
It became necessary to expedite the agarose gel treatment method. A new protocol was developed to speed 

up the treatment. Through testing it was determined that the best alternative method was to apply amyl acetate 
directly to the glue, drape 2% w/v agarose gels over top, and then cover the gels with Mylar and glass weights. 

Comparatively, the direct application of the amyl acetate to the tapestry worked much faster. Due to the 
increased amount of amyl acetate the gels were left on only for 1 hour and then were removed. Any glue that 
had softened but not yet dissolved was then swabbed to remove it. The process was repeated until the glue 
removal was complete.

A mild Orvus solution was then applied and removed using a modified suction platen to wash away any 
remaining glue (fig. 13). The suction platen did not have sufficient suction force to be used on a textile with 
the thickness of the tapestry, so the surface area of the suction platen was reduced by taping clean plastic 
sheeting over the half of the suction surface. The affected area was then rinsed multiple times with deionized 
water to remove any remaining amyl acetate.

Due to the amount of time the glue had been embedded in the tapestry, staining, discoloration, and glue 
oxidation were still visible on the back and front of the white wool (fig. 14). However, the appearance of the 
staining was significantly minimized. 

The glue removal allowed the application of a lining and a Velcro hanging system in the conservation lab-
oratory to better preserve the tapestry prior to installation in the client’s home (fig. 15). 

Fig. 13. Rinsing with modified suction platen. Courtesy of the Textile Conservation Laboratory at Cathedral Church of  
St. John the Divine.
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4. CONCLUSIONS

For both tapestries, agarose gel provided a way to eliminate damaging soiling that otherwise would not have 
been easily removable. However, the use of agarose gel in tapestry conservation and cleaning is far from 
perfect. There were significant challenges regarding the cost, application, and time investments of the two 
treatments.

The initial research and testing for both treatments were undertaken while the conservator was an intern 
and graduate student, which only mediated part of the cost. However, the success of both treatments indicates 
a potential for large-scale gel application and agarose gel use in tapestry conservation. Although both treat-
ments focused on soiling removal and cleaning, the author believes there are many creative uses for agarose 
gels in textile conservation, particularly for materials that cannot undergo wet-cleaning. 

Fig. 14. Evolution of staining visible on the back of the tapestry during treatment. Courtesy of the Textile Conservation  
Laboratory at Cathedral Church of St. John the Divine.

Fig.15. Tapestry, after treatment, with applied Velcro hanging system. Courtesy of the Textile Conservation Laboratory at 
Cathedral Church of St. John the Divine.
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ABSTRACT—The National Museum of American History recently displayed multiple costumes in action 
poses. As a history museum, the National Museum of American History is devoted to the preservation of the 
museum objects for future generations, and the usual presentation methods available for their displays are 
limited with minimal handling of the objects to avoid unnecessary damage. In most exhibitions, costumes are 
displayed with didactics and appropriate images, so the need to display costumes in action poses is usually 
avoided. However, some costumes definitely require extreme poses to portray the true feeling of the action. 
This article explores the methods, tools, and techniques that enable costumes to be displayed in action poses 
while still practicing the museum’s usual preventive conservation approach. Five costumes worn by real peo-
ple mounted in action poses are discussed: Olympic gold medalist Shaun White, adaptive motocross racer 
Mike Schultz, plant pathologist Julie Lindemann, Broadway actor Reeve Carney as Spider-Man, and animated 
stand-up comedienne Phyllis Diller.

El MONTAJE SEGURO DE MANIQUÍES CON POSES EXTREMAS DE ACCIÓN

RESUMEN—El Museo Nacional de Historia de los Estados Unidos recientemente exhibió múltiples trajes en 
poses de acción. Como museo de historia, el museo está dedicado a la preservación de sus colecciones para las 
generaciones futuras, y los métodos de presentación que se usan son limitados para minimizar el manejo de 
los objetos para evitar daños innecesarios. En la mayoría de las exhibiciones, los trajes se muestran con didác-
tica e imágenes apropiadas, por lo que generalmente se evita la necesidad de exhibirlos en posturas de acción. 
Sin embargo, algunos trajes definitivamente requieren poses extremas para obtener la verdadera sensación de 
la acción. Este artículo explora los métodos, herramientas y técnicas que permiten que los trajes se muestren 
en poses de acción mientras se sigue practicando el enfoque de conservación preventiva del museo. Se discu-
ten cinco trajes usados   por personas reales montadas en poses de acción: el medallista de oro olímpico Shaun 
White, el corredor de motocrós adaptado Mike Schultz, la patóloga de plantas Julie Lindemann, el actor de 
Broadway Reeve Carney como Spider-Man y la comediante animada Phyllis Diller.

SAFELY MOUNTING FIGURES WITH EXTREME ACTION POSES

SUNAE PARK EVANS

1. INTRODUCTION

The National Museum of American History (NMAH) delivers the experiences of the American people 
through exhibition using various museum objects. Among the objects, costumes are some of the most power-
ful examples of material culture; they provide insights into an individual’s historical background and charac-
teristics. In most exhibitions at NMAH, costumes are usually displayed with appropriate didactics and images, 
so the need to display costume in extreme poses is rare. However, some costumes definitely require action 
poses to portray the true feeling of their use and movements. The concept of the action poses can be relative 
depending on the object’s condition, the museum policies, theme of the exhibition, the staff views—such as 
designer, curator, and conservator—and many other elements, so it is important to understand each other’s 
thoughts and ideas fully. This article focuses on five costumes, with detailed explanations of the planning, exe-
cution, mounting, and installation process for each costume.
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2. BRACKET METHODS AND PROCESS

2.1 FIGURES SUSPENDED FROM THE CEILING
Mike Schultz and Shaun White are extreme sports athletes (X Games), so the exhibition decision was 

made by the project team to show Shaun White riding a snowboard and Mike Schultz a motocross bike at stiff 
angles. To construct and mount the display forms effectively and properly, it was critical to understand the 
muscle movements and how much the body muscles can be stretched and in what angles. The best method to 
gain the necessary information was from people who participate in these types of sports because they know 
the distinctive body movements while riding a snowboard and a motocross bike. They explained what was 
needed while showing the actual postures, and we photographed them as references for the mountings.

The requirements to create the display forms for these two costumes were as follows: the legs and arms 
should be bendable and flexible to create action poses at stiff angles, and the torsos should be solid and strong 
to connect a bracket that would support the whole mannequin. Through many discussions with a curator, 
designer, and bracket maker, we decided that hanging the figures from the ceiling by harnesses (fig. 1) was the 
optimal option. Installing a mannequin in an action pose was one of the most challenging activities, especially 
in a narrow and small display case. Every step in the process needed to be planned and discussed ahead of 
time, so any possible problems could be prevented. One of the most successful methods was to perform a dry 
run by installing the objects in the laboratory to simulate the final installation in the exhibition case (fig. 2), so 
the exact bracket positions on the ceiling could be marked and prepared inside the exhibition case while still 
in the lab. The figures were mounted to the ceiling with Yates 366B Riggers Fall Safe Harnesses.

Fig. 1. Form in 366B Riggers Fall Safe Harness.
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2.1.1 Mike Schultz on Motocross Bike
Mike Schultz is an adaptive motocross racer and an above-the-knee amputee who is a self-trained engi-

neer who invented his own prosthetics—Moto Knee and Versa Foot—to accommodate his activities. His busi-
ness, BioDapt, specializes in artificial joints and limbs for other adaptive athletes and veterans, and he also 
builds prosthetics for several of his competitors.

To make his display form, a commercial Ethafoam mannequin was modified and adjusted because it was 
light, strong, and easily adjustable. The joint connections of the mannequins such as the neck, arms, and legs 
had to be reinforced with wooden dowels and wires as secondary supports to prevent any separation due to 
the extreme bending (fig. 3). Then they were covered and wrapped with Tyvek tape to make the surface 
smooth. The prosthetic leg and boots were very heavy and strong, so they were bracketed separately to secure 

Fig. 2. Hanging the form onto the ceiling in the laboratory.
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the angle of the mannequin legs (fig. 4). The hands and fingers are especially important because they can be 
used to emphasize the action pose. The fingers were made from electrical wire because it provided adequate 
strength and flexibility. Each finger was wrapped vertically with 5 cm strips of muslin to prevent them from 
slipping out. The fingers were then put inside the fingers of a cotton glove and padded with polyester batting 
to improve their shape. Lastly, the areas of the thighs and upper arms were padded with soft tissue to create a 
shape according to realistic anatomical movements after the form was installed in the exhibition case (fig. 5).

2.1.2 Shaun White on Snowboard
Shaun White is a professional snowboarder and skateboarder who is a two-time Olympic gold medalist. 

He also holds the record for the most X Games gold medals. It was very important to understand that the 

Fig. 3. Adding wooden dowels and wires as secondary supports.

Fig. 4. The prosthetic leg and boots were bracketed separately to allow different angles for the mannequin legs.
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heavy boots are attached onto the snowboard as one unit. The feet are locked in certain positions, so the leg 
movements are limited while they are inside the boots. It was critical to ensure that everyone on the team 
envisioned the action pose at the same level by discussing repeatedly about the images to avoid an abstract 
concept. Fortunately, the designer was a snowboarder, so she understood the possible movements. Her draw-
ing could thus be accurately translated to the display form. It also was a great help that the Plexiglas prop 
snowboard was already installed in the lab at the required angle in the display case (fig. 6).

2.2 FIGURES TOUCHING THE FLOOR

2.2.1 The Bending Position of the Plant Pathologist
The protective jumpsuit worn by plant pathologist Julie Lindemann while spraying altered bacteria from a 

spray canister onto a field of strawberries was mounted for display. The feet and hood are attached to the 

Fig. 5. Installation view of Schultz costume with motocross bike in the exhibition case.

Fig. 6. Left: The mounted form on a snowboard made of Plexiglas was installed at a certain angle in the laboratory. Right: 
Installation view of White costume in the exhibition case.



Textile Specialty Group Postprints Volume 27, 2017 182

SAFELY MOUNTING FIGURES WITH EXTREME ACTION POSES

protective suit to seal the body completely, but the wrists are open because she took the gloves off often. This 
meant that the wrists were the only available place to attach the brackets to support the whole body.

This suit had been previously displayed on a two-dimensional flat display form in a straight standing pose 
(fig. 7), but the exhibition team preferred to display it in an action pose. The bending pose was proposed after 
seeing an image from an old newspaper article that was provided to aid in mounting the form (fig. 8).

A display form for the bending pose was constructed with Ethafoam, padded with polyester batting to 
form the required shape, and covered with stockinette to hold all the materials in place. A quarter-inch 
(6 mm) aluminum rod—strong but bendable—was selected as the core for the arms. The rods were padded 
with polyester batting and covered with stockinette. Schluter Systems Schiene aluminum extrusions were 
modified and inserted into the display form’s shoulders, allowing the aluminum rods in the arms to be locked 
in place (fig. 9). The aluminum rods at the wrists were wrapped with duct tape over the rubber gloves and 
were bracketed to the floor behind the spraying tank. Also, a gray silicone rubber sheet was laid underneath 
the feet to prevent slippage, so the weight could be distributed to the feet (fig. 10).

Dressing the jumpsuit on a bent form was challenging because the Ethafoam form was rigid and the 
inside space was limited, so the mounted arms were put inside the sleeves first, the body was placed next, and 
then the arm rods were inserted into the bracket holes to stabilize the display form. The arm rods were 
popped out whenever the form was moved, because it was not possible to otherwise keep the arm rods in 
position. This meant that every activity during the photographing and installation had to be well planned to 
avoid unnecessary handling.

Fig. 7. Two-dimensional flat display form and a 
straight standing pose for the Plant Pathologist.

Fig. 8. The proposed bending pose with the spraying canister. 
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Fig. 9. The aluminum bracket and the rod at the shoulder.

Fig. 10. The display showing a bending posture holding the canister.
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Fig. 11. Bracket at the lower neck, center back.

Fig. 12. Standing position with arm and hand movement.
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2.2.2 Spider-Man
The costume was created by two-time Tony-nominated designer Eiko Ishioka for the 2011 rock musical, 

Spider-Man: Turn Off the Dark. It was worn in the original Broadway production by actor Reeve Carney.
The tight spandex body suit was augmented with a padded muscle suit that was worn underneath. The 

blue padded muscle suit had footed tights, a round neckline, and a long zipper closure at center back. The red, 
blue, and black Spider-Man body suit had matching boots, gloves, and head cover. Each zipper on both sides 
closes from the shoulder point to the back center. Basically, these two-layer body suits completely sealed the 
body.

The conservation form from Dorfman Museum Figures was adjusted and mounted by carving and adding 
polyester batting. The form was bracketed at the back lower neck at the spot where the two zippers met. 
Because the display form will not move, the zipper was not closed completely and the opening was used to 
install the bracket (fig. 11). The two feet touched the case bottom and were helpful to distribute the weight 
and to balance the posture. The movements by Spider-Man were expressed by bending the fingers, elbows, 
and knees (fig. 12).

Fig. 13. Assembled mannequin. Fig. 14. Creating a bending elbow with Ethafoam and the 
Loc-Line modular hose system.
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2.2.3 Phyllis Diller’s Side- and Elbow-Bending Posture
Phyllis Diller was an animated stand-up comedienne who often laughed loudly and is presented in her 

signature stance; hand on hip, a side-bending posture, while holding a cigarette. We felt the most effective 
expression for Diller would be to bend the spine to one side and bend the elbows as she held cigarettes. The 
conservation form from Dorfman Museum Figures was used as a base mannequin. The aluminum pole to 
connect the top and bottom was bent with a conduit bender handle, and the mannequin was assembled after 
that (fig. 13). The difference between the top and bottom at the side was carved and the gap at the other side 
was padded with polyester batting to smooth the surface.

The upper arm muscle is stretched when the elbow is bent, so the arm length had to be longer and flexible 
to bend. To meet these requirements, the Ethafoam arm was split in the middle and a Loc-Line modular hose 
system was inserted between the upper and lower arm (fig. 14). An aluminum rod was then passed through 
the assembled Loc-Line system and inserted about 5 cm into the Ethafoam arms to control movements and to 
provide better support. Underpinnings made with Reemay were necessary to provide fullness to support the 
skirt and to prevent deep wrinkles from the bending posture (fig. 15).

Fig. 15. Bending poses at the side of the body and elbow.
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3. SUMMARY

This article explored some of the various methods, tools, and techniques used to enable the display of cos-
tumes in action poses while still practicing a preventive conservation approach. The object itself always pro-
vides the critical information and hints on where and how to adequately support the object by understanding 
the body movements and stance. It is important to capture some of the critical characteristics of an individual 
so that a person can be presented effectively with only minimal action. Fingers, hands, elbows, and knees are 
small parts of the body, but they can be excellent eye-catching spots. Finally, the importance of planning 
ahead in detail, as well as collaborating and communicating with experts from other parts of the museum, 
cannot be overemphasized.
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ABSTRACT—The conservation department of the Costume Institute in the Metropolitan Museum of Art, 
New York City, successfully used three-dimensional scanning and computer numerical control (CNC) routing 
as a means to bypass the inefficiency and inaccuracy of hand-carving storage forms for 28 sculptural Charles 
James ball gowns in the Costume Institute collection. These objects present storage challenges arising from 
James’s sculptural design intentions because they cannot be hung or stored flat, necessitating custom mounts 
made from archival materials to create proxy human bodies to safely support the objects. Using an affordable, 
consumer-grade three-dimensional (3D) scanner, the geometry of extant, nonarchival dress forms and exhibi-
tion mounts was captured. The resultant 3D files were edited through a series of computer-aided design 
(CAD) programs and sent to a fabricator to cut Ethafoam from a five-axis CNC machine. Postproduction pro-
cesses included additional padding and covering to further protect and support the objects. The resultant 
archival storage forms are intended to serve as the permanent support for the objects, with a multipurpose 
design for handling, storage, travel, and photography. The advantages of 3D scanning and CNC routing 
include accuracy and reproducibility of a form at any point. This experimental process established procedures 
and recommendations for future storage projects. 

ESCANEO 3D PARA CREAR MANIQUÍES DE ALMACENAMIENTO A MEDIDA PARA LA 
COLECCIÓN CHARLES JAMES EN EL COSTUME INSTITUTE, METROPOLITAN MUSEUM OF ART

RESUMEN—El departamento de conservación del Costume Institute en el Metropolitan Museum of Art, 
Nueva York, utilizó con éxito el escaneo 3D y el enrutamiento control numérico por computadora (CNC) 
como un medio para eludir la ineficacia e imprecisión de los maniquíes de almacenamiento hechos a mano 
para 28 esculturales vestidos de baile de Charles James en su colección. Estos objetos presentan desafíos de 
almacenamiento que surgen de las intenciones de diseño escultórico de James, ya que no se pueden colgar ni 
almacenar en plano, lo que requiere maniquíes personalizadas hechas de materiales perdurables para crear 
“cuerpos humanos” para soportar de forma segura los objetos. Utilizando un escáner 3D asequible y de cali-
dad para el consumidor, se capturó la geometría de los maniquíes existentes de exhibición no perdurables. Los 
archivos 3D resultantes se editaron a través de una serie de programas de diseño asistido por computadora 
(CAD) y se enviaron a un fabricante para cortar Ethafoam usando una máquina de CNC de 5 ejes. Los pro-
cesos de postproducción incluyeron agregar relleno y una cobertura textil para proteger y dar soporte adicio-
nal a los objetos. Los maniquíes de almacenamiento resultantes sirven como soportes permanentes para los 
objetos, con un diseño multipropósito para manejo, almacenamiento, viaje y fotografía. Las ventajas de esca-
neo 3D y enrutamiento CNC incluyen precisión y reproducibilidad. Este proceso experimental estableció pro-
cedimientos y recomendaciones para futuros proyectos de almacenamiento.

THREE-DIMENSIONAL SCANNING TO CREATE CUSTOM STORAGE FORMS FOR THE CHARLES 
JAMES COLLECTION IN THE COSTUME INSTITUTE, METROPOLITAN MUSEUM OF ART

SARAH SCATURRO AND TAYLOR HEALY

1. INTRODUCTION

This article examines how the conservation team in the Metropolitan Museum of Art’s Costume Institute (CI) 
used three-dimensional (3D) scanning and computer numerical control (CNC) routing to create torso-shaped 
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archival storage mounts for 28 ball gowns designed by the Anglo-American fashion designer Charles James. 
Although the team used technological solutions to solve storage problems for the garments, the objectives 
were to execute this project without using expensive high-tech equipment and complex processes, and to 
establish procedures and recommendations for other institutions to adopt this method. This process was 
experimental for the CI, and its ultimate success resulted in a paradigm shift in the department’s approach to 
the creation of 3D storage, travel, and exhibition mounts. 

2. PROJECT CONCEPT

The project concept derived from the conservation team’s experiences merging technology with object analysis 
in the Costume Institute’s 2014 exhibition Charles James: Beyond Fashion. In the exhibition, the agency of tech-
nology was exploited as robots moved around dresses performing mock technical examinations, projectors 
threw laser-like spotlights onto garments highlighting specific areas of technical interest, and roving cameras 
voyeuristically captured subtle design details that were then displayed in exaggerated size on the gallery walls. 
All of these technologies were choreographed in real time with animations displayed on the exhibition plat-
forms that revealed how Charles James manipulated fabrics and patterns to create his sculptural works (fig. 1). 

The technological success of the Charles James exhibition would not have been possible without the conser-
vation team, who were tasked with not only carrying out a demanding treatment program, but also with per-
forming extensive technical analyses on the objects in the exhibition to provide content to the exhibition 
designers and animators. For example, the conservators generated technical data through stereo- and polarized-
light microscopy, x-radiography, pattern taking, and by enabling 3D scanning and 360° photography. They 
transmitted the information to the exhibition designers and animators through a variety of methods, including 
e-mails, discussions, demonstrations, patterns, paper models, photographic annotations, graphics interface for-
mats (GIFs), and more. The successful integration of technology and conservation-derived technical data dem-
onstrated that conservators were active and engaged creators of content in a way that deeply impacted the 
curatorial narrative and reinforced the practical possibilities of modern technology within fashion museology. 

Fig. 1. Gallery view of Charles James: Beyond Fashion (2014) showing one of the dresses rehoused in this project. Photograph: 
© Metropolitan Museum of Art.
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2.1 STORAGE NEEDS
Almost all of the objects in Charles James: Beyond Fashion were from the CI’s collection. This meant that 

when the exhibition closed, the conservation and collection teams were faced with returning all of the objects 
to storage, offering an opportunity to reassess their permanent storage conditions. Of particular concern were 
James’s sculptural ball gowns that often incorporate form-fitting strapless bodices and large, multilayered 
skirts. Prior storage for many of the gowns was inadequate, with solutions addressing some storage concerns, 
but not all of them. The conservation team sought a solution that satisfied object needs while balancing prac-
tical needs such as working within existing storage space and easing safe handling of objects. 

Previous storage solutions included sewing auxiliary straps to the waistline to allow strapless garments to 
hang on hangers. Although quick and effective, this method concentrated stress on small, discrete points at 
the waist and did not alleviate issues with collapsing skirts, distorted bodices, and other deformations. 
Another solution was storing gowns flat in archival boxes, but even with appropriate padding out, the boxes 
were often too small to adequately fit the voluminous garments and resulted in crushing the skirts at the sides 
and back (fig. 2). They were also cumbersome to handle and store. A third solution, created in the late 1960s 
or 1970s, was a modified hanger with appendage-like supports at the shoulders/chest and hips. However, 
these hangers were not made from archival materials, were cumbersome to use, and had the unfortunate 
effect of distorting and flattening the bodice, waist, and hip areas of the dresses. 

Fig. 2. Charles James “Swan” gown stored flat in an archival costume storage box. Photograph: Taylor Healy © Metropolitan 
Museum of Art.
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It was determined that the best solution was to store the objects on archival Ethafoam torso forms that 
matched the interior dimensions of the garments. Although this type of storage method is not new, the con-
servation team was concerned about the resources required to hand-carve nearly 30 custom forms. In addi-
tion to being time-consuming, hand-carving storage Ethafoam forms is messy and fraught with possibilities 
of human error. The method also requires multiple object test fittings, with each test fit putting the object at 
risk because stress is placed on seams and closures and the fabric is abraded. Although the custom-made exhi-
bition forms used in the Charles James: Beyond Fashion exhibition would have been ideal storage forms, they 
had been quickly made from commercial papier-mâché forms that had been cut away or altered to fit each 
garment invisibly and thus were not made from archival materials. 

2.2 STORAGE AND DESIGNER INTENT
It is critical that storage and conservation work does not happen in a vacuum, and that understanding 

contextual factors can help elevate and reaffirm the approach one is taking. For this project, the conserva-
tors recognized the importance that Charles James himself placed on developing and realizing his idealized 
female form. His idealized shape was different from traditional dress forms in that he placed emphasis on a 
higher, mono-bosom bust, flattened buttocks, and an elliptical and tilted waistline. He did not design his 
garments with a front and back, but rather more as sculptures that could only be realized in the third 
dimension (fig. 3). Although his dresses were made for specific clients, he translated these idealizations 
into the garments themselves. 

Understanding the designer’s perspective reaffirms that the best storage solution for his dresses is to store 
them on mounts that not only match the object’s dimensions but also reflect James’s idealized female body 
shape. Luckily, the extant exhibition forms provided an ideal starting point, as did the many Charles James 

Fig. 3. Charles James with one of the forms he created. © Metropolitan Museum of Art. 
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dress forms in the CIs collection, which were designed by James himself. At this point, the conservators won-
dered if 3D scanning worked in translating spatial metrics about James’s gowns for the Beyond Fashion exhi-
bition, could it also be used for this project? The conservation laboratory already had the same affordable 
scanner that had been used for the exhibition, and so sought an intern to conduct a feasibility study to deter-
mine whether the project could be possible from technological, workflow, conservation, and budget perspec-
tives. Ultimately, the feasibility study proved successful, a budget was approved, and the project commenced 
through the following stages: 3D scanning, 3D model editing, CNC routing, and postproduction.

3. 3D SCANNING

The 3D scanner purchased by the CI was a consumer-grade product manufactured by Cubify 3D Systems, 
called the Sense. The scanner relies on an infrared class I laser projector and two cameras: one that captures 
the texture mapping, or color, and the other that captures the “geometry,” or surface, from the laser. Although 
this scanner was relatively low-tech, it was more than sufficient for producing accurate 3D facsimiles of dress 
forms for 28 objects in the collection. Once plugged into a laptop, the handheld scanner was aimed at an exhi-
bition form and moved around its entire surface from a short distance (fig. 4). Each scan was completed in 
about 5 minutes, but if interrupted by abrupt movement, multiple attempts were required to capture a precise 
scan. The 3D scanner and proprietary software generated a “polygon mesh” from the geometry of the scanned 

Fig. 4. The handheld 3D scanner captures an exhibition form’s geometry and texture mapping. Photograph: Taylor Healy © 
Metropolitan Museum of Art.
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object. A mesh is a collection of vertices (point cloud) connected to form tiny triangles that make up the sur-
face of the scanned form (fig. 5). Generally, the smaller the triangles, the more detailed the scan. According to 
the manufacturer, the Sense scanner was capable of producing a mesh of 20,000 to 400,000 triangles per scan. 
Measurements were taken of the forms’ bust, waist, hips, height, and width to compare to the scan to ensure 
accurate dimensions. Fifteen exhibition forms and two original Charles James “Jennie” forms were scanned 
and reused for multiple dresses. To accommodate the remaining seven gowns, these forms were padded 
accordingly and then scanned (fig. 6). 

4. EDITING 3D MODELS

The forms captured by the scanner, or “raw” files, were processed through a series of software to edit and 
manipulate their size and shape to send to the fabricator (fig. 7). Raw files are rarely perfect because the 3D 
scanner will misinterpret surfaces or light as spikes, holes, self-intersections, and other “artifacts.” Three-
dimensional scanners are also sensitive to textures: the knitted ribs on the jersey covers created a correspond-
ingly bumpy surface on the raw scans. The forms were digitally reshaped, trimmed, and smoothed to create a 
hollow, closed form using proprietary software that Sense includes with each of its scanners. Commands allow 
for minor editing: cropping, trimming, and refining the surfaces. It does not allow for manipulations to the 
scan’s metrology nor size, and it does not provide dimensions [note 1]. The closed forms were processed 
through an additional computer-aided design (CAD) program, Rhinoceros, to accurately size these forms. 
The measurements were compared to those taken from exhibition forms. To work around calibration uncer-
tainties, the steel pole, a known dimension of 1-in. (2.5 cm) diameter, served as an additional calibrator to ori-
ent and size the forms.

Fig. 5. The network of tiny triangles that make up the mesh was manipulated during the editing stage to refine the raw 3D scan 
to the smooth surface of the edited digital form. Photograph: Taylor Healy © Metropolitan Museum of Art.
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5. CNC ROUTING

Digital Atelier, a local fabrication studio with established relations in other departments at the Metropoli-
tan Museum of Art, operates a five-axis CNC router. CNC, or computer numerical control, relies on a 
series of coordinates (g-code) to cut material on XYZ and rotating AB axes, allowing for the machine to 
cut material in the round, thus eliminating the need for foam lamination, subsequent adhesive research, 
and testing. CNC software also sets and controls the router and its rotation speeds, and then charts a tool 
path for the router to follow. For the purposes of this project, the speed, cutting rotation, and tool path 
were modified to cut the Ethafoam as efficiently as possible to minimize labor costs without melting the 
material. The plank of uncut Ethafoam was secured to a platform while the router cut around the material. 
This process required the forms to include a 4-in. (10 cm) base, so the Ethafoam dimensions and digital 
models were altered accordingly. A Styrofoam prototype was requested to test-fit on one of the gowns and 
it fit perfectly. Because the Ethafoam forms would be padded and covered, the widths of the digital forms 
were reduced a small percentage before proceeding with the 28 Ethafoam cuts. Over a period of 2 weeks, 

Fig. 6. Original Charles James “Jennie” form (left) and padded form (right) were scanned in addition to the exhibition forms 
to accommodate 28 gowns and coats. Photograph: Taylor Healy © Metropolitan Museum of Art.
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the CNC router successfully milled the Ethafoam dress forms that match exactly the 3D models (fig. 8); 
each form was milled in 60 to 90 minutes. The milled forms were then delivered to the CI for postproduc-
tion preparation.

Fig. 7. Raw files (left) generated by the 3D scanner contained imperfections that were refined through editing software to create 
the smooth, uniform, closed surface of the edited form (right). Photograph: Taylor Healy © Metropolitan Museum of Art.

Fig. 8. The accuracy of the CNC cut Ethafoam forms (left) is compared to the digital models (right). Photograph: Taylor Healy 
© Metropolitan Museum of Art.
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6. POSTPRODUCTION DESIGN

Because these forms would serve as a permanent home for the gowns, a multipurpose pole system was designed 
anticipating storage, traveling, and photography. By collaborating with the CI’s collections management team, these 
forms were designed to hang and stand from a custom hook and base system. The forms were first removed from 
their 4-in. (10.16 cm) base with a knife and cored vertically using a 1-in. (2.5 cm) spade drill bit attached to a 12-in. 
(30.5 cm) extension bit. Each form underwent test dressing to ensure a proper fit before padding and covering 
(fig. 9). Alterations to the Ethafoam were made as necessary: bumps were reduced and sharp edges were rounded 
with a toothy rasp. Each form was then covered in a layer of Musetex polyester batting and washed cotton knit 
jersey to create a cushioned barrier layer between the dress and Ethafoam. A cotton knit slip was cut and sewn 
according to a standard pattern and was altered to fit each form. The custom pole system was created by retrofitting 
an aluminum hook onto a repurposed Metro Cart shelf post with a removable screw foot at the bottom. To support 
the bottom of the form and prevent slipping, aluminum honeycomb supports were trimmed to fit the bottom of the 
form and secured by plastic collars (fig. 10). About 2 hours were spent per form to pad, cover, and mount (fig. 11). 
The forms were carefully inserted into the bodices, they were zipped shut, and placed into storage (fig. 12).

7. SUMMARY OF CHALLENGES

The most challenging aspect was working with the Sense 3D proprietary software that did not offer any met-
rics (fig. 13). There were also format glitches that occurred when files were sent and opened in multiple 3D 

Fig. 9. Before padding and covering, each form was test-fit and alterations were made as necessary. Photograph: Taylor Healy 
© Metropolitan Museum of Art.
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Fig. 11. Prepared form ready for dressing. Photograph: Taylor Healy © Metropolitan Museum of Art.

Fig. 10. The Ethafoam forms were padded, covered, and mounted to the standing/hanging pole (left) and supported by an 
aluminum base (right). Photograph: Taylor Healy © Metropolitan Museum of Art.
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Fig. 12. Invisible mount adequately supports one of James’s strapless ball gowns (acc. no. 2009.300.3522) while allowing it to 
hang or stand. Photograph: Taylor Healy © Metropolitan Museum of Art.

rendering programs between the Digital Atelier fabricators and CI. Based on these challenges, it is 
recommended that multiple measurements be taken of the physical objects. It is also ideal to take documenta-
tion photographs of the source from multiple angles for reference during the editing process. It can be chal-
lenging during the editing process to fill in holes, smooth spikes, or reshape areas when there is no reference. 

Fig. 13. Taking vertical measurements of the exhibition forms (left) and circumferences of the digital models (right) made it 
difficult to ensure correct dimensions. Photograph: Taylor Healy © Metropolitan Museum of Art.
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Communication among fabricators, shippers, and manufacturers was also challenging. It is recommended 
that material be reviewed at every stage of production: request samples or photographs, or better yet, view the 
process in person. For example, the CI expected a solid block of Ethafoam rather than heat set Ethafoam 
planks from our foam manufacturer, who had ensured solid Ethafoam blocks sized 71.12 × 35.56 × 25.40 cm 
(28 × 14 × 10 in.). The dimensions were accurate but achieved only through heat-set lamination.

7.1 ADDITIONAL CHALLENGES 
From a laboratory administration perspective, there were several challenges, most significantly a lack of ade-

quate space for materials storage, including all supplies necessary for the postproduction process (cotton jersey, 
poles, polyester batting). Although efforts had been made to space shipments of routed forms to minimize crowd-
ing in the laboratory, unfortunately all forms were sent at the same time, thus forcing the conservation team to 
find alternative temporary storage. A last challenge threatened to derail the project entirely. Oddy testing con-
ducted by the Museum’s Scientific Research department before purchasing the Ethafoam indicated that the mate-
rial was only suitable for short-term use. Although initially alarming, an examination of the coupons showed only 
the slightest discoloration on the copper coupon, and further discussions with the Scientific Research department 
confirmed that the desired Ethafoam product was actually the best-performing one that had been tested to date 
by the Museum. The conservators continued with the order, with the additional assurance that the forms would 
have fabric barriers and that the objects would be held in a storage environment with adequate air circulation. 

8. CONCLUSION

In conclusion, the objective of this project was to create a holistic archival storage support for 28 objects 
considered masterpieces in the CI’s collection (fig. 14). This was executed successfully using accessible 

Fig. 14. Before (left) and after (right) mounting storage forms. The success of this project has improved storage conditions and 
brought life back to James’s gowns (acc. no. 2009.300.781, C.I.58.31.1, 2009.300.585a). Photograph: Taylor Healy © 

Metropolitan Museum of Art.
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technology, which required a small learning curve. After factoring in CNC fabricator’s labor and material 
costs, each form cost about $430, excluding staff time to finish processing the forms after delivery. There are 
many advantages to this method. First, digital forms allow for future manipulations: they can be resized, 
reshaped, and reviewed without material being wasted. Files can also be shared, duplicated, and saved for 
future reference. Although the initial costs were daunting, these forms are permanent storage and display 
options and thus will hold their value over time. Compared with hand-carving Ethafoam forms, this method 
reduced excessive handling of objects and damage to vulnerable interiors while providing a more perfect fit. 
Additional recommendations for this process can be found in the Appendix. 
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APPENDIX

Table 1. Recommendations for Future Adaptations

Product/Step Do In-House Contract Out

Physical model 
(source of 3D 
scan)

Highly recommended
Can be any material

Not recommended

Documentation 
photography

Highly recommended
Can be DSLR, point and shoot, even camera 

phone photographs

Not recommended

Record multiple 
dimensions

Highly recommended
Record dimensions such as vertical height, hori-

zontal width and depth, bust, waist, hips, and 
widest circumference (if not the hips)

Not recommended

3D scanner Recommended
Purchase your own 3D scanner. Depending 

on the detail required for your project, the 
scanner can be an inexpensive (<$1,000) 
consumer-grade product. Learning to 3D 
scan is usually very easy and can take about 
a day to master.

Not recommended
Unless your project requires 

documentation-level scans, it is very 
costly to pay for labor and rental 
fees to scan your physical model.

(continues)
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Table 1. Recommendations for Future Adaptations (Continued )

Product/Step Do In-House Contract Out

3D modeling 
or AutoCAD 
program

Not recommended (without experience)
These programs are extremely expensive 

($1,000–$20,000) when they are not in-
cluded with the 3D scanners. Even if they 
are included, they are usually limited to a 
few commands that will not be totally suffi-
cient to prepare for CNC routing. Sufficient 
software like 3D rendering and AutoCAD 
programs also require weeks to months of 
instruction and practice before adequate 
understanding.

Recommended
Because of the high learning curve 

these programs require, it is often 
more cost-effective to contract this 
step out to a CNC fabricator that 
will know exactly how to prepare 
the files for CNC routing. They can 
do in a few seconds what may take 
you days to learn. Talk to your fabri-
cator about their recommendations.

CNC machine Not recommended 
CNC machines and facilities required are 

extremely expensive ($40,000–$200,000) to 
purchase and are incredibly complicated to 
build, run, and manage. Purchase is only 
recommended if this will be used in the 
long run.

Highly recommended
Shop around for a local fabricator 

that understands the nature of your 
project and has the correct facilities. 
Most own three-axis CNC routers, 
but five-axis is usually less labor- 
and cost- intensive. Look to local 
universities with fine arts, design, 
engineering, and architecture 
programs. They will likely have a 
CNC machine and students will be 
excited to collaborate.

Finishing materials Highly recommended
Once the final product has been received, cre-

ate a padded barrier layer that will protect 
the surface of your object from the coarse 
Ethafoam.

Not recommended

NOTE

[1]  Through correspondence with 3D Systems’ customer service, the company claimed scans are 98% 
accurate in dimension. Although this claim was never seriously pursued, the initial measurements 
taken of the forms were very close to those measured on the 3D models.

FURTHER READING 

Weyrich, T., M. Pauly, R. Keiser, S. Heinzle, S. Scandella, and M. Gross. 2004. Post-processing of scanned 3D 
surface data. Eurographics Synposium on Point-Based Graphics. www.reality.cs.ucl.ac.uk/projects/cleaning/
weyrich04post-processing.pdf.

http://www.reality.cs.ucl.ac.uk/projects/cleaning/weyrich04post-processing.pdf
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SOURCES OF MATERIALS 

2.2-lb White Ethafoam
New England Foam

760 Windsor St.
Hartford, CT 06120 
Tel: (860) 524-0121
Fax: (860) 522-5830
www.newenglandfoam.com

Regency 64˝ NSF Chrome Post 
Webstaurant Store

40 Citation Ln 
Lititz, PA 17543
Tel: (717) 392-7472
www.webstaurantstore.com

Unbleached Interlock Cotton Knit Jersey #460U
Testfabrics, Inc.

415 Delaware Avenue
PO Box 26
West Pittson, PA 18643
Tel: (570) 603-0432
Fax: (570) 603-0433
www.testfabrics.com

Musetex Polyester Batting M0001-496
Museum Services Corp.

385 Bridgepoint Way
South St. Paul, MN 55075
Tel: (651) 450-8954
Fax: (651) 554-9217
www.museumservicescorporation.com

Aluminum Honeycomb Museum Panel ¼ in.
PortaFab Modular Building Systems

18080 Chesterfield Airport Rd.
Chesterfield, MO 63005
Tel: (636) 537-5555
Fax: (636) 537-2955
www.portafab.com

CNC Router Service
Digital Atelier LLC
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60 Sculptors Way, Suite A
Mercerville, NJ 08619
Tel: (609) 890-6606
digitalatelier.net

Rhinoceros 5 for Mac
Robert McNeel & Associates 

3670 Woodland Park Avenue North
Seattle, WA 98103 
Tel: (206) 545-7000
Fax: (206) 545-7321
www.rhino3d.com

3D Sense Scanner, Sense Software
3D Systems

333 Three D Systems Circle
Rock Hill, SC 29730
Tel: (803) 326-3900
3dsystems.com
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ABSTRACT—A project to make 20 torso mannequins from Ethafoam in 5 unique sizes using a computer 
numerical control (CNC) router was completed in May 2016 for Studio Bell at the National Music Centre, 
Calgary, Alberta, Canada. Niinimaa Enterprises Inc. collaborated with Solid Woodwork Ltd. to design, cut, 
and fit the mannequins. MakeHuman 1.1.0, Autodesk Fusion 360, and LinuxCNC software were used to 
create the cutting files from the costume measurements. The mannequins were fit and finished with polyester 
fiberfill, jersey knit, and Fosshape. The collaborative project yielded a consistent product that resulted in 
efficient use of time and materials.

HACER ETHAFOAM MANIQUÍES UTILIZANDO UN ENRUTADOR DE CONTROL NUMÉRICO 
COMPUTARIZADO

RESUMEN—Un proyecto para hacer 20 maniquíes de Ethafoam en cinco tamaños usando un enrutador de 
control numérico computarizado (CNC) se completó en mayo de 2016 para Studio Bell en el National Music 
Centre, Calgary, Canadá. Niinimaa Enterprises Incorporated colaboró con Solid Woodwork Limited para dis-
eñar, cortar y refinar los maniquíes. Para crear los archivos de corte de las medidas de vestuario, se utilizaron 
los software Make Human 1.1.0, Autodesk Fusion 360 y LinuxCNC. Los maniquíes se refinaron y se termi-
naron con guata de fibra de poliéster, tejido de punto y Fosshape. El proyecto de colaboración produjo un 
producto consistente que resultó en un uso eficiente del tiempo y los materiales.

MAKING ETHAFOAM MANNEQUINS WITH A COMPUTER NUMERICAL CONTROL ROUTER

GAIL NIINIMAA AND NILS SUNDSTROM

1. INTRODUCTION

In December 2015, Niinimaa Enterprises Inc., owned by Gail Niinimaa, received the contract to custom build 
20 mannequins for the opening of Studio Bell, the new home of the National Music Centre (NMC) in Calgary, 
Canada. The project had a tight timeline; the manufacture and fitting of 20 mannequins had to be completed 
in 5 months and installed by May 12, 2016. Due to these time restraints, building mannequins from scratch 
using traditional disc methods was unrealistic, so the idea was developed to collaborate with Solid Woodwork 
Ltd. to use a computer numerical control router (CNC) to fabricate the basic mannequin forms. This article 
outlines the process used to construct the mannequins and describes how the different mannequin models 
were developed (fig. 1).

2. BACKGROUND

The client, NMC, was very interested in obtaining a uniform style of headless torso with stuffed arms and legs 
to support the costumes. CNC could provide a way to build a very detailed shape on a simple machine using 
available software.

CNC uses a computer to control a router, including the motions of the tool: the input parameters such as 
feed, depth of cut, and speed, as well as functions such as turning the spindle on/off or turning the coolant on/
off. Solid Woodwork Ltd., a small family business, has used CNC to make custom-built furniture, restaurant 
fixtures, and other products for the past 30 years. Initial discussions with the owner, Eric Sundstrom, and the 
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computer designer, Nils Sundstrom, provided the impetus, challenge, and expertise to create vertical slab 
mannequins cut from Ethafoam 220 using CNC.

Solid Woodwork’s CNC router was suitable for the task of cutting Ethafoam slabs. Their 2.5D machine 
cuts back and forth on the X and Y axes and varying heights on the Z axis. The CNC has a flatbed with a max-
imum 4 ft. × 8 ft.- (1.2 m × 2.4 m) cutting surface. There is a gantry beam that travels back and forth on the 
X and Y axes and a spindle that moves up and down on the Z axis (fig. 2). It uses a ½-in. (12.7 mm) up-cut 
ball end spiral bit and is equipped with a vacuum brush that cleans and removes the foam shavings as it makes 
the cuts, as shown in figure 3. The machine operates on open-source controlled LinuxCNC software. This 
CNC router was built from a kit sold by CNC Router Parts, North Bend, Washington. It is made from 8020 
extruded aluminum with a 3-hp water-cooled spindle. The cost was around $12,000 (CAD) ($6,000 parts and 
$6,000 labor), and Nils Sundstrom assembled it. 

This machine is the third CNC router that Solid Woodwork has used in the past 30 years. It is normally 
used to cut wood and metal, so the Ethafoam was a relatively easy material for the machine to cut. Solid 
Woodwork Ltd. has extensive expertise in designing and cutting unique projects using this technology and 
was an ideal choice as a partner for this project due to their depth of experience interpreting two-dimensional 
(2D) information into finished three-dimensional (3D) products.

3. PROCESS

All of the costumes to be mounted had been measured previously, and from these measurements it was deter-
mined that three different sizes were needed for the male costumes and two different sizes for the female  

Fig. 1. Mannequins waiting for exhibit installation at Studio Bell, National Music Centre, Calgary, Canada. Courtesy of Hayley Robb.
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Fig. 2. CNC Router showing gantry beam and spindle. Courtesy of Gail Niinimaa.

Fig. 3. Detail of the spindle and brush during cutting. Courtesy of Gail Niinimaa.

costumes. The initial process of deciding how to transpose the 3D figure to a 2D cutting pattern was challeng-
ing, as very little has been published about this application for museum mannequins. It was necessary to work 
in metric units when taking measurements because the CNC machine software works in metric. Two different 
processes were used in this project and both worked effectively. The first process, used for the male manne-
quins, was to work from measurements taken from an actual costume. A tight-fitting, 1970s, airbrushed 
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Fig. 4. Measurements for male mannequins. Courtesy of Gail Niinimaa.

Table 1. Measurements (cm) for the Three Male Mannequin Types

Model 1 Model 2 Model 3

Distance from Top Circumference Distance from Top Circumference Distance from Top Circumference

0 34 0 34 0 31
5 45 5 45 5 41
10 109 10 109 10 98
15 123 15 123 15 111
20 115 20 115 20 104
25 105 25 105 25 95
30 98 30 98 30 88
35 94 35 98 35 85
40 89 40 98 40 80
45 84 45 96 45 76
50 87 50 93.5 50 78
55 92 55 99 55 83
60 97 60 105 60 87
65 100 65 109 65 90
70 103 70 112 70 93

leisure suit that belonged to Gary Buck was used to create the base measurements. From these costume  
measurements, body form and side profiles were created (fig. 4). A prototype was cut based on these  
measurements.
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Model 1 was the first prototype made. Once the prototype size had been tested on the garment, larger and 
smaller-size mannequins were created. Model 2 was made 10% larger, with more girth added to the lower  
40 cm of the model. The third male mannequin, Model 3, was cut approximately 10% smaller than Model 1. 
The measurements used as the starting point to create the models are shown in table 1. 

The second process was to work from an actual mannequin. A traditional disc mannequin was built for 
k.d. lang’s vintage wedding dress costume, which she wore when she accepted the Juno Award for Most Prom-
ising Female Vocalist in 1985. From this completed Ethafoam mannequin, detailed measurements of the cir-
cumference were taken every 5 cm (fig. 5a). Standard measurements of the neck, bust, waist, and hip were 
also used to create a realistic female shape. In addition, a side profile was created for the desired body shape 
(fig. 5b). 

Model 4 was the first female prototype created based on these measurements. The prototype was made, 
assembled, and tested. The results were satisfactory and five more of the same sizes were cut before the 
machine was reset for the next sizing. Model 5 was made based on the measurements from Model 4 but was 
reduced by about 10% to create a smaller-size mannequin, with the exception of the shoulder area, which was 
increased slightly. This model was used to cut five more mannequins. Table 2 shows the two sets of measure-
ments used to create the cutting files for the female mannequins. 

Fig. 5. (a) Mannequin used for measurements, and (b) measurements for female mannequins. Courtesy of Gail Niinimaa.

4. FROM COSTUME MEASUREMENTS TO CUTTING FILES

Transferring the measurements taken by the textile conservator to the CNC router was the job of the com-
puter specialist and CNC operator. The first step in this process was to use MakeHuman 1.1.0; a screenshot of 
this software is shown in figure 6.

MakeHuman is free and open-source software used to create realistic 3D human forms in the creative field 
for illustrations, animations, games, and Zbrush/Mudbox sculpting. The software has 1,170 morphings for 
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effective parametric modeling. This software was useful, as it allowed the verification of the measurements taken 
from the actual costume or form by transforming them into a 3D body model. At the time of the project it was not 
yet possible to specify exact measurements with this software, but general movements could be made to manipu-
late the overall shape. A new release of MakeHuman 1.1.1 has improved this function and it is now possible to set 
actual measurements into the program. This software continues to change as input is received from users.

The next step in the process was to manipulate the files from MakeHuman 1.1.0 to Autodesk Fusion 360 
to create the cutting files for the CNC. By using these two software programs, the costume measurements 
were verified to create the cut files. Autodesk Fusion 360 is a cloud-based software used for CAD design. To 
make the cut files, the model was imported into Autodesk Fusion 360 and the measurements were verified 
against those of the actual costume to ensure the model would fit. The body form was sliced vertically from 
front to back in 5 cm increments, according to the depth of the Ethafoam used, and oriented so that it sloped 

Table 2. Measurements (cm) for the Two Female Mannequin Types

Model 4   Model 5

Distance from Top Circumference Distance from Top Circumference
0 30 0 36
5 58 5 62
10 87 10 91
15 84 15 100
2w0 79 20 92
25 75 25 72
30 71 30 66
35 69 35 66
40 68 40 79
45 76 45 84
50 84 50 87
55 91 55 89
60 97 60 89

Body Measurements Body Measurements
Bust 97 Bust 97
Waist 67.5 Waist 65
Hip 97 Hip 89
Neck 30 Neck 36
Shoulder 38 Shoulder 38
Armscye 78 Armscye 83
Back length 40 Back length 34
Total length 60 Total length 58
Armpit circumference 38 Armpit circumference 38
Shoulder length 15 Shoulder length 15
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to maximize the cutting surface. All of the graded cuts had to be done on the top side of each Ethafoam slab, 
as it was not possible to make undercuts with the 2.5D CNC. The tool pathing and layout is shown in figure 7, 
with the cross-hatched blue areas showing the tool pathing and the yellow lines showing the path the spindle 
would take to the next cut. 

The host software, LinuxCNC, read the cutting files. The position and path of the CNC spindle, which was 
monitored during the cutting process, is evident by the white circle shown on the monitor in figure 8.

Each mannequin was cut from Ethafoam 220. The cutting time was approximately 60 minutes, with about 
an hour of setup time for each new size. There was less cutting on the male mannequins as there was not as 
much definition needed for the body shape, but more Ethafoam was needed for the male sizes. Two male 
mannequins could be cut from one 4 ft. × 8 ft.-sheet of Ethafoam, and three female mannequins could be cut 
from another same-size sheet.

To allow for the insertion of a stabilizing display pole, a channel was cut into each mannequin on the  
middle slab, either centered or offset (in the case of pants), and a short length of acrylic tube was embedded 
into this channel. The acrylic tube was 1-in. (2.5 cm) diameter with a ¾-in. (1.9 cm) inner diameter, and 
accommodated the ¾-in. diameter aluminum conduit used as a pole to mount the costume.  

An overlapping tool path stepped 5 mm apart was used to cut the Ethafoam. The closer the step and the 
larger the overlap, the closer to the model the mannequin would be, but the cutting time would be longer. A 

Fig. 6. MakeHuman 1.1.0 software screenshot. Courtesy of Nils Sundstrom.
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5 mm overlap was adequate for this purpose, considering that all of the mannequins would be finished with 
both a layer of polyester fiberfill and at least one layer of jersey knit. Ethafoam becomes quite shredded if cut 
too finely, especially at the edges, so a slightly larger cutting path allowed for less CNC cutting time as well as 
a more stable edge (fig. 9).

Fig. 7. Layout of cuts on Autodesk Fusion 360. Courtesy of Nils Sundstrom.

Fig. 8. Cutting path of the spindle on the host software, LinuxCNC. Courtesy of Gail Niinimaa.
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5. FINISHING

Once the mannequin components were cut, they needed to be trimmed and glued together. The mannequin 
slabs were glued with 3M low-melt adhesive using a 3M Polygun LT with Quadrack Converter. Due to the 
surface area requiring gluing, it was necessary to purchase a second glue gun and have two people glue each 
half of the slab at the same time. The low-melt adhesive worked well and the slabs were secured with elastic 
bungee cords while the glue cooled and hardened. Most impressive about this method of mannequin building 
was the minimal amount of trimming required to get the finished mannequin form (fig. 10).

6. BENEFITS

There are many benefits to using a CNC router to complete a project such as this. The first one is the repro-
ducibility of forms and the accuracy of cutting compared with the disc method. There are smoother transi-
tions of the body contours, especially in the neck and shoulder areas. Mannequin making is repetitive; the 
machine can do the monotonous work and saves the conservator’s time, which can be used on the proper fit-
ting of the costume to the form. Compared with the many mannequins made by hand with either the hori-
zontal disc or vertical disc method throughout Gail Niinimaa’s career, the CNC cut project was excellent to 
work with. After the sizes had been determined and prototypes tested, it took about 2 weeks to cut 20 manne-
quins using CNC.

Once the cut slabs were assembled, very little carving was needed due to the ability of CNC to create very 
realistic human forms close to the required size. About 5 to 9 cm was allowed for costume ease and fiberfill 

Fig. 9. Ridges on Ethafoam from the tool pathing. Courtesy of Gail Niinimaa.
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padding. Soft materials like fiberfill and jersey knit were used to create a smooth surface. This permitted the 
same mannequin size to be used for multiple costumes by varying the fit with the amount of padding. Proper 
fitting of the mannequins to the costume is still required, but it is more cost effective to make a fixed size and 
do some minor trimming by hand, rather than uploading additional files to CNC for small differences in  
sizing.

Although CNC could be used for legs, the legs were made using Fosshape, a white pliable felt composed of 
a low-melt synthetic polyester fiber that when exposed to varying degrees of heat (200°F range) and pressure 
can be molded to shape. The legs were shaped from templates: either from a store-type fiberglass mannequin 
leg or a hand-carved Ethafoam leg (fig. 11). Fosshape was considered a good material to use for the legs, as the 

Fig. 10. Excess Ethafoam after the initial trimming of the 
mannequins. Courtesy of Gail Niinimaa.

Fig. 11. Soft sculpture used to finish the mannequins. Cour-
tesy of Gail Niinimaa.
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Fig. 12. (a) Detail of back support, and (b) Avril Lavigne costume. Courtesy of Gail Niinimaa.

finished result was lightweight and could easily be attached to the torso using Velcro. The mannequins with 
shoes benefited from the addition of Ethafoam legs as it provided extra support for the mannequin from the 
torso to the floor. 

The mannequin for singer Avril Lavigne was the most challenging to make, as there was not much cos-
tume to hide any flaws in the legs. This costume also had fishnet stockings and sneakers, which prevented the 
use of a regular pole mount. Instead, a waist mount was made that could be inserted into the pole behind the 
costume and attached to the form under the T-shirt. Figure 12a shows the mount in the process of being fitted 
to the small of the back. For final display it was covered with fabric and fit just under the T-shirt (fig. 12b).

A combination of soft polyester fiberfill batting, Fosshape, and Ethafoam was used for the arms, depend-
ing on the mannequin and the costume requirements. An interesting issue arose regarding the lack of arms on 
the mannequin showcasing a black T-shirt and helmet worn by DJ and record producer deadmau5. A Twitter 
post in March 2017 by @passport2017 promoting things to see in Canada during the sesquicentennial started 
a social media conversation about deadmau5’s arms. The significance of the Twitter feed was not completely 
understood until another photo of deadmau5 was discovered showing him with fully tattooed arms. As this 
costume represents a DJ artist, his tattooed arms are integral to his performance and perhaps should have 
been considered part of the costume.

Solid Woodwork Ltd. also had the contract to make the wooden plinths for the mannequins to be dis-
played on. A local welder was contracted to make the metal supports for the mannequin poles. Aluminum 
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electrical conduit, ¾-in. (1.9 cm) diameter, was painted the same gray as the plinths and used for the poles. 
The metal support was attached to the plinths from the underside and the mannequin pole fit into the metal 
support. This was a helpful step in the process as the mannequins could be set at the proper height as they 
were being finished.

Most materials sourced were available locally; however, it was more economical to purchase a bulk order 
of 10 yards (9.1 m) of Fosshape directly from Wonderflex than to purchase it locally by the meter. The follow-
ing supplies were used to make the mannequins:

•	 8 planks of Ethafoam 220, 2 in. × 48 in. × 108 in. (5 cm × 122 cm × 274 cm)
•	 100 glue sticks, 8 in. (20 cm) long, 3M Scotch Weld Adhesive 3792 LM Q
•	 20 custom-built metal supports for poles
•	 Aluminum conduit, ¾-in. (1.9 cm) diameter, 3 to 4 ft. (91–122 cm) per mannequin
•	 Acrylic tube, 1-in. (2.5 cm) outer diameter,  ¾-in. (1.9 cm) inner diameter, 12 to 15 in. (30.5–38.1 cm) per 

mannequin
•	 Fosshape 300 and 600 for arms and legs, ½ to 1 yd. (46–91cm) per mannequin
•	 Polyester fiberfill batting
•	 10 m of knit jersey as a first layer to cover the mannequin form
•	 10 m of gray knit jersey  to use at the neck and arms

7. LESSONS LEARNED

Here are some lessons learned from this project that merit sharing. The larger-size male mannequin torsos 
had been increased by 10%, but the increase in torso length needed to be more than 10%. The result was a 
torso too short-waisted for the costume. This was an easy fix, however, as a disc of Ethafoam could be added 
as a cross section to create more length and provide the proper elongation needed for the torso. In addition, 
the torsos were not cut long enough to include the transition zone to the legs; to create the right look for 
tight-fitting stretchy pants worn by the 1970s band Triumph, it was necessary to make a codpiece to enhance 
the masculinity of the mannequin. Fosshape was used on an existing plastic male mannequin to create the 
proper shape required for this addition. 

Authenticity is needed when displaying the costumes of known people. Displaying real people’s clothing 
requires creating a body that is realistic and true to the original wearer. The CNC mannequin’s starting point 
was a “real” body, so it made the mannequins more realistic and it was easy to make adaptations to the figures 
as needed. It is not likely to have a perfect fit directly from the CNC, despite the benefits of the technology. 
Time still needs to be spent creating soft padding and a covering for the mannequins to tailor the fit. 

There is a trade-off between whose time is more valuable—the costume technician or the CNC operator—
as it is costly to cut many different sizes due to the setup and computer preparation required for each new set 
of sizes. The decision to make only five unique sizes saved time in the CNC budget. It was then possible to 
manipulate the differences in sizing of the costumes by the addition of soft padding or the slight reduction of 
the form by minimal carving with a utility knife.

When collecting costumes from real people it is important to also consider collecting their body 
measurements, as doing so will aid in creating a properly proportioned mannequin. In the case of special 
footwear, it is also important to know what kind of footwear was worn with the outfit and how that may affect 
the mannequin’s finished height.
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8. CONCLUSIONS

After completing this project with a CNC router, it is hard to imagine taking on a similar task constructing 20 
mannequins by hand in the traditional way. This technology is becoming more common, accessible, and 
affordable. The technology can be adapted in many ways for mannequin making. What is needed for success 
is someone to translate the 2D costume measurements from a garment to a 3D model. Knowledge of the com-
puter software, 3D modeling, CAD, and CNC is needed to transform those measurements to the CNC cutting 
files. One key to the success of the project was the close relationship that developed between the textile con-
servator and the CNC technician. Constant discussion and sharing of information during the research and 
development phases aided in the ability to create the prototypes and make all the subsequent mannequins 
with very little need to repeat any of the work. 

It is also important to share how this project was conceived and executed, as there is little information 
published on this method of mannequin making. At the start of the project in January 2016, there was no 
published information on how to achieve this type of project. It is hoped that this article will inspire future 
CNC mannequin builders to expand on this method and use this available technology to create functional 
and stable museum mannequins (fig. 13).
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ABSTRACT—In late 2014, the Cleveland Museum of Art acquired a royal Persian tent dating from the second 
quarter of the 19th century; it is signed with the name of Qajar ruler Muhammad Shah (reigned 1834–1848). 
Measuring roughly 4.1 m in diameter and 3.5 m in height, the entire roof is extant, as are 7 of 14 wall sections. 
Only the tent interior would have been decorated, in Rasht work, a technique executed in heavily felted woven 
wool. The exterior of the roof and wall sections originally would have been undecorated, plain-weave red cotton.

The tent arrived in Cleveland in March 2015 and was displayed beginning that July. During that interval, a 
mount was fabricated that allowed the front half of the roof to cantilever, offering visitors an uninterrupted 
sight line and encouraging them to enter the tent. In addition, a base was fabricated, lighting designed, and 
conservation treatment undertaken. During treatment, several discoveries were made that informed subse-
quent decisions.

The collaboration among conservator, mount maker, cabinetmaker, lighting designer, exhibition designer, 
and curator was crucial to the project’s success. The tent was deinstalled in August 2016; a storage container 
for the roof and modular mount components was fabricated.

LOS TEXTILES COMO ARQUITECTURA: ELEVAR UNA CARPA PERSA REAL

RESUMEN—A fines de 2014, el Museo de Arte de Cleveland adquirió una carpa persa real que data del 
segundo cuarto del siglo XIX; está firmado con el nombre del gobernante Muhammad Sah Kayar (reinó entre 
1834 y 1848). Midiendo aproximadamente 4.1 m de diámetro y 3.5 m de altura, todo el techo es existente, 
como lo son siete de 14 secciones de pared. Solo el interior de la carpa habría sido decorado, en el trabajo de 
Rasht, una técnica ejecutada en lana abatanada. El exterior del techo y de la pared originalmente habría sido 
algodón rojo del ligamento tafetán.

La carpa llegó a Cleveland en marzo de 2015 y se exhibió a partir de julio. Durante ese intervalo, se fab-
ricó una montura que permitía que la mitad delantera del techo se balanceara, ofreciendo a los visitantes una 
línea de visión ininterrumpida y animándoles a entrar en la carpa. Además, se fabricó una base, se diseñó la 
iluminación y se llevó a cabo un tratamiento de conservación. Durante el tratamiento, se hicieron varios 
descubrimientos que informaron decisiones posteriores.

La colaboración entre conservadora, creador de montaje, ebanista, diseñador de iluminación, diseñador 
de exposiciones y curadora fue crucial para el éxito del proyecto. La carpa fue desinstalada en agosto de 2016; 
se fabricó un contenedor de almacenamiento para el techo y los componentes de montaje modulares.

TEXTILES AS ARCHITECTURE: RAISING A ROYAL PERSIAN TENT

ROBIN HANSON

1. INTRODUCTION

The theme of AIC’s 45th Annual Meeting—“Treatment 2017: Innovation in Conservation and Collections 
Care”—is reflected in this paper that presents the perspective of a fine arts museum, the Cleveland Museum of 
Art (CMA), in acquiring, treating, displaying, storing, and potentially lending a rare Persian royal Rasht work 
tent (fig. 1). Although numerous Turkish tents survive in collections across Turkey and Western Europe, Per-
sian tents are rare. In addition to this one in CMA’s collection, the St. Louis Art Museum has two Persian 
tents, both of which entered their collection in 1929. One of those tents is Rasht work. One other Rasht tent is 
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known to the author; it is in a private collection in Europe and is illustrated in a trio of short Hali articles 
(Bennett 1991; Falk 1991; Wearden 1991). It is a large rectangular tent with a ridge line and two columns; its 
condition is such that it cannot be displayed as a three-dimensional structure.

In late 2014, CMA acquired 2014.388.1–.4, a tent that consists of the entire roof—including a diagonally 
striped cotton exterior valance—and 7 of 14 wall sections, divided into 3 parts (fig. 2). It is signed in a car-
touche on two wall components with the name of Qajar ruler Muhammad Shah, who reigned from 1834 to 
1848 (fig. 3). The tent is circular and measures roughly 4.1 m (13.5 ft.) in diameter and 3.5 m (11.5 ft.) in 
height. It has a single central column. There are several missing components: seven wall sections, the top reg-
ister of the seven extant wall sections, an interior Rasht work valance, and the central column and struts. 

Originally the exterior of both the roof and wall sections would have been undecorated plain-weave red 
cotton. Only the interior surfaces would have been woven wool embellished with Rasht work.

The tent arrived at CMA in mid-March 2015 and was placed on display in the Arlene M. and Arthur S. 
Holden Textile Gallery in mid-July 2015. During the interval between arrival and display, the museum designed 
and fabricated a mount that allowed the front half of the tent to cantilever and the public to walk under it, 
designed and fabricated a base and light-emitting diode (LED) lighting, and produced a 4-minute video on the 
behind-the-scenes process that ran on a continuous loop in the gallery. The museum also secured the loan of a 
Qajar portrait of Muhammad Shah from the French National Collections to include in the gallery display.

2. RASHT WORK

Often confused with applique, Rasht work is a little-known technique that should be classified as pieced work. 
It must be executed in heavily fulled or felted woven wool and is named after the town on the Caspian Sea 

Fig. 1. Muhammad Shah’s Royal Persian Tent, 1834-1848, Rasht work, diameter 4.1 m (13.5 ft.), height 3.5 m (11.5 ft.), CMA 
2014.388.1–.4.
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Fig. 2. Tent components. Top: Roof with striped cotton exterior valance. Bottom: Seven of 14 wall sections in 3 parts.

Fig. 3. Left: Tent wall section 2014.388.4. Inset: Detail showing cartouche with Muhammad Shah’s embroidered signature. 
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where it originated (fig. 4). Rasht work (sometimes spelled Resht) would have been made in professional 
workshops from full-sized cartoons (Wearden 1991). The technique is also referred to as Rashti-Duzi or 
Reshti-Duzi.

Not many written references detailing Rasht work exist [note 1]. A 19th century account describes the 
technique:

A peculiar kind of embroidery and patchwork combined is largely made at Resht…at the present day. It consists of 
a patchwork of minute pieces of broadcloth of different colours, the seams and some other portions of which are 
then covered with needlework also variously coloured, the whole forming a combination of geometric and floral 
ornamentation. The colours being of the brightest, the general effect is perhaps somewhat gaudy. These “Gul Luzi i 
Reshti,” as they are called, are mostly used by the Persians for saddle-cloths and showy horse clothing, for which they 
are not inappropriate….Several specimens may be seen in the museum collection (Nos. 938 ‘69: 855 ‘16). (Smith 
1877, 27) [note 2]

Rasht work consists of a foundation textile of woven wool that is then fulled. Motifs are cut out of this textile 
using a die. Pieces of fulled wool in a contrasting color are cut the exact size of these cut-out motifs and inset 
into the cutout areas. As a result, in Rasht work the front and back are nearly identical. The technique is not 
reversible, per se, but it is only one layer thick. The motifs are not laid on top of a foundation textile (as is the 
case with applique). This tent could not have been constructed using applique; the resulting weight would 
have been prohibitive.

Fig. 4. Left: Tent wall section 2014.388.2. Right: Detail of Rasht work showing the foundation textile out of which motifs are 
cut using a die. Wool of a contrasting color is cut in the exact shapes of these motifs and placed in the cutout areas. The col-
ored motifs are joined to the foundation textile using an overcast stitch, done from the back, and then decorated with chain 

stitch embroidery, done from the front. The embroidery is not structural and likely was executed using a tambour hook.
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All inset pieces are first butt-joined to the foundation textile using an overcast stitch, done from the back, 
and then decorated with chain stitch embroidery around the perimeter and within each motif. The embroidery 
is done from the front (in the tent, using white silk). The embroidery is not structural and may have been 
executed using a tambour hook or ari. Additionally, chain stitch embroidery between motifs links them visually.

The patterns can be quite elaborate, with many cutouts in the foundation textile and many colors and 
shapes inset into it. The format and motifs found in CMA’s tent are fairly standard and consist of a central 
rectangular field with a vase or urn of flowers, flanked by narrow outer bands with floral motifs and scrolling 
vines. The outer bands are outlined with a thick thread, couched to the surface, and are usually formed of two 
contrasting colors twisted together to form a barber pole effect. These common characteristics are seen in 
figure 5, where a wall panel from the tent is juxtaposed with a second Rasht work textile in CMA’s collection.

In his 1966 book on Persian crafts, Wulff describes the fabrication process for Rasht work:

The embroiderers…hold the cloth in a wooden clamp that rests on one of their legs while they press it down with the 
other. The design has been traced on the cloth with chalk. The embroiderer takes a crochet hook…and pierces it 
through the cloth. Holding the embroidery thread on the reverse side of the cloth, he grips it with the crochet hook 
and pulls a loop formed by it to the front, and with this thread loop still around the hook, pierces through the cloth 
again, gripping the thread underneath, and pulling the next loop up, and so on, this producing the chain-stitch. (218)

There is a color photograph of a Rasht work textile in Gluck and Gluck’s 1997 book on Persian handicrafts and 
a black-and-white photograph illustrating an embroiderer at work with the clamp system described in the 
preceding quoted material.

It is the use of fulled wool that allows this technique to be successful. The fulling process results in a 
shrinking of the woven cloth into a much more tightly woven structure than it would have been; it is akin to 

Fig. 5. The tent wall section on the left consists of a central rectangular field flanked by narrow outer bands with floral motifs 
and scrolling vines. It is juxtaposed with a second Rasht work textile in CMA’s collection (1916.1297) on the right.
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but not structurally the same as felting. In addition, a nap is raised on the wool through mechanical action. As 
a result of this processing, the wool can be cut and the edges of the pieces butt-joined; the extremely tight 
weave prevents the cloth from unraveling once cut.

3. TENT COMPONENTS

The terminology used here follows that established by Nurhan Atasoy in her 2000 book on Turkish tents. 
Although Rasht work itself is not found in Turkish tents, the format and construction of both Turkish and 
Persian tents is similar enough to use the same vocabulary.

3.1 ROOF

3.1.1 Description
The interior of the roof, referred to here as the ceiling, is constructed of 14 pie-shaped design units sepa-

rated by section bands (fig. 6). Each design unit consists of a central triangle, predominantly red wool with 

Fig. 6. The tent ceiling is constructed of 14 pie-shaped design units.
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Rasht work flowers and leaves interspersed with birds, all of which are inset into it and linked with chain 
stitch embroidery. The red triangle is bordered on all three sides by a narrow band, 3.8 cm (1.5 in.) wide, of 
orange wool with inset turquoise leaves and a scrolling vine of chain stitch embroidery. The turquoise wool is 
one of the most dramatic examples of dye fading found in the tent.

Between each of these triangular components is an 11.4 cm (4.5-in.) wide section band of dark gray or 
navy blue wool with red wool Rasht flowers linked with vines in white chain stitch embroidery. These section 
bands provide structural and dimensional stability.

Stitched to the perimeter of the roof is a striped cotton exterior valance that is a basically a tube. The 
valance measures about 27.9 cm (11 in.) in length and is constructed of five colors of plain-weave cotton, cut 
on the straight grain into 10.2 cm (4-in.) wide strips and stitched together by hand along their long edges to 
form a 45.7 cm (18-in.) wide length, five stripes wide. Once the two long sides of this striped length are offset 
and stitched together, a tube results that is then stitched to the tent roof. As a result, the valance is two layers 
thick and has a finished side on both the interior and exterior surfaces.

3.1.2 Construction
Behind each of the 14 section bands, like spokes on a wheel that extend from the central leather column 

rest, a thick plain-weave white cotton band, about 9.5 cm (3.75 in.) wide, is placed between the Rasht layer 
and the inner layer of undyed plain-weave cotton. Two parallel lines of stitching, at the outer edges of each 
band, extend through all three layers of textile. At the outer perimeter of the roof, leather patches with steel 
rings are sewn in place at the end of each band. Guy ropes would have extended from these rings to the 
ground and been staked.

Both the roof and wall sections consist of three layers of textile—the exterior layer of plain-weave red cot-
ton with a loom width of 38.1 to 40.6 cm (15 to 16 in.), the interior decorated layer of wool Rasht work, and 
an internal layer of undyed plain-weave cotton that can be seen in areas of loss.

The roof has a central leather column rest measuring 48.3 cm (19 in.) in diameter and with a 12.7 cm 
(5-in.) diameter hole in the center. The central column would have extended through this smaller hole.

3.1.3 Condition
Although there are losses to the exterior layer of red cotton and numerous patches and repairs, overall the 

condition of the roof is excellent.

3.1.4 Treatment
Treatment was undertaken on the front half of the striped cotton exterior valance, both interior and exte-

rior faces, before display at CMA. Because the public would walk under it when entering the tent, this was the 
most vulnerable component. Treatment consisted of repairing tears, slits, and losses by placing patches of 
modern plain-weave cotton in a sympathetic color behind the damage and couching them in place. Care was 
taken to stitch only through one layer of the valance. Existing repairs that extended through both layers and 
caused tensioning issues were removed and replaced.

The roof is supported by the central column and the mount. It is secured to the mount around the perim-
eter with 5 cm (2-in.) wide linen straps stitched to the tent ceiling as part of CMA’s treatment. The linen straps 
extend around the mount and are secured with Velcro. Because the mount is covered in the same linen, the 
straps are virtually invisible.
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3.2 WALLS

3.2.1 Description
The seven design units of the wall panels are in three sections—two with three design units each and one 

with one design unit. Each design unit is referred to as a column field and contains a central field flanked by 
narrow bands of floral motifs and vines of white chain stitch embroidery. Separating the central field is a dark 
blue column measuring 11.4 cm (4.5 in.) in width. When installed, the 14 columns on the wall sections line 
up with the 14 section bands on the tent ceiling. This speaks to the architectural nature of this textile.

The existing wall sections were thought to be missing their upper register, a band of undecorated red wool 
measuring about 25.4 cm (10 in.) in length. Two factors led the museum to this belief: the typical format of 
Rasht textiles and the current tent proportions (which are obviously wrong). Finding this extant band on one 
wall component, folded over and hidden behind the modern navy blue wool lining the wall sections, con-
firmed the museum’s suspicions about this missing upper register (fig. 7). Having this concrete evidence will 
allow the museum to more accurately reconstruct this component at some point in the future.

Fig. 7. Top: Designer’s rendering of wall sections depicting the missing upper register of undecorated red wool. Bottom: Actual 
missing upper register of wall section found folded over and hidden behind modern navy blue wool lining.
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The museum also discovered the system used to attach the walls to the roof. One part of the system can be 
seen—regularly spaced rope loops attached to the perimeter of the ceiling itself (fig. 8). Some of the rope 
loops are original and some may be replacements, but their location and spacing has not changed. Specifics of 
the other half of the system—holes incorporated into the top register of the wall sections—were not known 
until the evidence on the tent itself was uncovered. Linking the rope loops after extending them through the 
holes at the top of the wall sections results in an attachment system akin to an early zipper.

3.2.2 Construction
The wall sections are constructed similarly to the roof, made of three layers of textile. A thick plain-weave 

white cotton band, about 9.5 cm (3.75 in.) wide, was inserted behind each of the 14 columns between the 
Rasht layer and the internal layer of undyed cotton. Parallel lines of stitching at the outer edges of each band 
that extend through all three layers form the sleeves or casings into which the struts supporting the walls 
would have been inserted. The struts would have extended from the edge of the roof to the base of the tent 
and been secured to the ground with rope loops at leather patches at the base of each casing and strut.

3.2.3 Condition
At some point in the past the wall sections were relined with navy blue wool. Although CMA’s installation 

of the tent allowed the public to enter it and have an uninterrupted sight line, the museum did not, in fact, 

Fig. 8. Top: Back of wall section with donut-shaped leather wall attachment component. Bottom left: Exterior valance with 
rope loop wall attachment component. Bottom right: Rope loops linked, resulting in an attachment system akin to an early 

zipper.
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allow the public to walk all the way around the tent. The tent was installed near the back wall of the gallery, so 
only the front portion was accessible. The blue wool lining on the wall sections was not seen and was therefore 
deemed not to be a treatment priority.

Because Rasht work is only one layer thick, the fabrication method and extent of dye fading easily can be 
seen when the front and back are compared. In some colors (such as the turquoise and yellow) on CMA’s tent 
the dye fading is quite dramatic (fig. 9).

3.2.4 Treatment
Given the time constraints for treatment prior to display no treatment was undertaken on the wall  

sections.

4. MOUNT AND INSTALLATION

Soon after the tent arrived in Cleveland, the museum took high-resolution digital images and then printed 
1:1-scale photographs of the wall sections. These proved invaluable and were used rather than the actual  
textiles during fit testing for mount making and lighting design.

Fig. 9. Because Rasht work is only one layer thick, the fabrication method and extent of dye fading easily can be seen when the 
front and back are compared. In some colors the dye fading is quite dramatic. Left: Detail of the front of tent wall section 

2014.388.1. Right: Detail of the back of this same tent wall section.
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The textile conservator working for the London dealer from whom CMA acquired the tent devised a very 
successful system to secure the wall sections to the ceiling. An interrupted linen “casing” was stitched to the 
top back edge of the wall sections and a similar interrupted casing was stitched to the perimeter of the ceiling. 
CMA used the linen casing on the wall sections as configured, but removed the casing from the ceiling and 
reattached it to the linen covering the mount. These two interrupted casings were then joined with Rigilene, a 
polyester material frequently used in costuming for boning, that was alternately threaded first through the 
casing segment on the wall panel and then the segment on the ceiling (fig. 10). Adjustable shelf brackets on 
the struts supported a blueboard shelf on which the wall panel rested while the Rigilene was being inserted.

Initially the tent roof was installed using a block and tackle system. The roof-hanging component pro-
vided by the dealer was modified because it obscured design elements in the ceiling. The tent remained 
installed using the block and tackle system for 10 weeks while a new mount was fabricated. A large, clean, 
secure space in which to install the tent roof was needed. Fortunately, it just fit in textile storage.

Fig. 10. Detail of system used to secure wall sections to the ceiling. Top: A linen casing was stitched to the top back edge of the 
wall sections. Bottom: A similar casing was stitched to the mount. These two casings were joined with Rigilene that was 

threaded through the casings.
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The mount had to balance original intent and conservation concerns—the tent roof supporting the wall sec-
tions (as would have been the case originally) versus the mount supporting the wall sections. The wall sections 
would have had a strut inserted in a sleeve or casing located at each of the 14 columns. Rope loops attached to 
leather patches at the base of each column and strut would have been staked to the ground for support and stability.

After several prototypes were tried and rejected, a mount was fabricated from rectangular tubes of chrome 
moly steel with a cross section of 2.5 × 1.3 cm (1 × 0.5 in.) (fig. 11). The mount consists of a 14-faceted hoop 
supported around the back half with 8 steel tubes or struts that extend from the perimeter of the roof to the 
base. Although these supports act like the original struts, their spacing does not match the locations of the 
original casings or sleeves in the wall sections. Around the back half of the tent, the mount is a double rail of 
the chrome moly steel, spaced 6.4 cm (2.5 in.) apart. The linen casing that allows attachment of the wall sec-
tions to the mount is stitched to the linen-covered front rail; the back rail supports the outer perimeter of the 
roof. The space between the two rails is necessary to accommodate the three-dimensionality of the knotted 
rope loops that hang down between the two rails. Because the front half of the tent cantilevers, the mount was 
made adjustable by using a hinge to counter the weight of the tent.

5. DEINSTALLATION AND STORAGE

The tent was vacuumed in situ inside and out before being deinstalled in August 2016 (fig. 12).
Storage of the tent was considered while it was still on display. A storage container for the roof and modu-

lar mount components was fabricated by the cabinetmaker; the wall sections were rolled on archival tubes. 
The resultant storage container is 1.5 m (60 in.) wide, 3.1 m (120 in.) long, and 0.8 m (30 in.) deep (fig. 13).

6. FUTURE RESEARCH AND TREATMENT

During the first 6 months of 2017 additional treatment of the roof was undertaken. The second half of the 
exterior valance was treated, inside and out, in a manner similar to the first half as previously described. In 
addition, for maximum flexibility in display, attachment of the tent roof to the mount was modified to ensure 

Fig. 11. Left: Tent mount with packing blankets on cantilevered front section to simulate weight of tent. Right bottom: Detail of the 
chrome moly steel mount fabricated from rectangular tubes with a cross section of 2.5 × 1.3 cm. Right top: Detail of one hinge 
that allowed the cantilevered front section of the mount to be adjusted up or down to counter the weight of the tent roof itself.
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Fig. 12. Top: Author vacuuming outside of tent roof. Bottom: Author vacuuming ceiling of tent.

Fig. 13. A storage container for the roof and modular mount components was fabricated. The container is 60 in. wide, 120 in. 
long, and 30 in. deep. Left: The bottom layer of the container showing the mount components. Center: Tent roof folded on pal-

let and ready to be lowered into storage container. Right: Roof on pallet inside container, wrapped in cotton broadcloth.
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that it is freestanding; it was not freestanding in Cleveland. In that display the museum was able to use the 
side and back walls of the gallery, where the public was not permitted to walk, as anchor points for guy ropes. 
Because future display scenarios may be different, the tent roof was secured to the mount around the entire 
perimeter, not just around the front half.

In 2017 the museum began working with Thistle Hill Weavers in Cherry Valley, New York, to custom 
weave plain-weave cotton in a sympathetic color to replace the incorrect navy blue wool lining the wall sec-
tions. It is expected that this replacement cotton will be woven in summer 2017 and during fall or winter 
2017–2018 the navy blue wool lining will be removed and replaced with the custom-woven red cotton. This 
was considered a necessary step prior to any loan, in case the next installation is such that visitors can walk all 
the way around the tent, making the incorrect blue wool lining more visible. The museum will also replace 
one large loss in the plain-weave red cotton layer of the tent roof where the inner, undyed plain-weave cotton 
layer is exposed. During future phases of treatment, the wall sections may be lengthened by adding the miss-
ing top register. Thistle Hill Weavers could also weave this element.

Replacing or re-creating an interior Rasht work valance is a thornier issue. No design evidence for this 
tent element exists, raising ethical questions as to how and if this component should be reconstructed.
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NOTES

[1] In her 1934 book on Persian embroidery, Phyllis Ackerman describes Rasht work as

...the fourth style of Persian all-over work…the type, commonly called “Resht” embroidery, which is either a com-
plex applique mosaic, or, in a variant of the technique, a glorified patchwork. That is to say, the design is made of 
small bits of coloured woolen cloth…in the nineteenth century a far more ambitious project was executed in this 
way, a series of full length portraits, about half life-size, depicting Fath Ali Shah and ladies of his household. These 
are said to have been made in the royal harem.

[2]  The collection Smith refers to in this passage is the Victoria and Albert Museum (V&A), London. Rasht 
work textiles (not all of which are tents) known to the author can be found in the Brooklyn Museum 
(accession numbers unknown); Olana (OL.1980.1963); the St. Louis Art Museum (131:1929a–e); and the 
V&A (821-1876, 822-1876, 87-1877, 850-1877, 947-1886, 787-1899, 858-1892, and T.68-1913); in addition 
to CMA (1916.1279 and 2014.388.1–.4).
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ABSTRACT—A large block-printed textile required treatment to remove a highly discolored coating layer 
and to reduce embedded soiling. The size of the textile and limited available funding necessitated the use of 
low-cost methods and materials. A poultice method using cotton flannel for solvent delivery successfully 
reduced the thick and yellowed top coating with limited mechanical action. A second phase of cleaning 
required an emulsion of solvent and surfactant solution to address remaining coating material and embedded 
soiling. The textile underwent wet cleaning to further reduce soiling and clear residual surfactant. Treatment 
resulted in a brighter appearance and greater legibility of the printed design and restored flexibility to the 
textile using materials commonly available in textile conservation laboratories. 

PENSAR EN GRANDE: MÉTODOS DE BAJO COSTO PARA LA LIMPIEZA DE UN TEXTIL 
ESTAMPADO GRANDE 

RESUMEN—Un gran tejido estampado requirió un tratamiento para eliminar una capa de revestimiento alta-
mente decolorada y reducir la suciedad incrustada. El tamaño del textil y los fondos limitados requerían el 
uso de métodos y materiales de bajo costo. Un método de cataplasma que utilizaba franela de algodón para el 
suministro de solvente redujo exitosamente el recubrimiento grueso y amarillento con una acción mecánica 
limitada. Una segunda fase de limpieza requirió una emulsión de solvente y solución de agente tensioactivo 
para abordar el material de revestimiento restante y la suciedad incrustada. El tejido se sometió a una limp-
ieza acuosa para reducir aún más la suciedad y eliminar el tensioactivo residual. El tratamiento dio como 
resultado una apariencia más brillante y una mejor legibilidad del diseño estampado, y restauró la flexibilidad 
del textil usando materiales comúnmente disponibles en los laboratorios de conservación de textiles.

THINKING BIG: LOW-COST METHODS FOR CLEANING A LARGE PRINTED TEXTILE

JACQUELYN PETERSON

1. INTRODUCTION

The project textile is constructed of a single layer of plain weave with a cotton warp and linen weft, block-
printed with designs and imagery reminiscent of a traditional Indian palampore (fig. 1). It measures 2.9 m × 
1.3 m and was likely created in the 20th century, evidenced by the fact that the image was block-printed rather 
than hand-painted, the colors are muted, and the fabric is of a coarser weave compared with traditional 
painted Indian palampores. There were several condition concerns before treatment, the most distracting of 
which was a severely yellowed coating that had been unevenly applied over the entire surface (fig. 2a). The 
coating was obscuring the printed image and greatly stiffened the textile, which accentuated existing struc-
tural damage as the textile was moved or flexed. The textile also had splits and holes of various sizes scattered 
throughout with embedded soiling concentrated along many of the cracks and areas of damage. 

Microscopic examination of cross-section samples and instrumental analysis suggested the presence of 
two coatings: a gum-based material applied directly to the surface of the textile and a pine resin and drying oil 
mixture that had discolored with age. Pine resin and drying oil mixtures were historically used as varnishes 
for paintings, and patterns of folds and damage along the edges of the textile were reminiscent of tacking mar-
gins, suggesting that the textile may have once been stretched and varnished like a painting. 
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The goals of treatment were informed by the owner’s interest in improving the legibility of the printed 
image, restoring flexibility, and stabilizing structural damage so the textile could be safely handled, displayed, 
and stored. 

2. COATING REDUCTION

Due to the large size of the textile and limited available funding, treatment required the use of low-cost meth-
ods and materials. Cleaning tests indicated that the yellowed top coating was soluble in ethanol, and cotton 
swabs dampened with solvent and rolled across the textile surface effectively reduced the coating. However, 
this method of coating reduction would have been time-consuming, and examination of the tested areas 
under magnification illustrated that the mechanical action of the swabs disrupted the textile fibers. Poultice 
cleaning methods were considered to limit mechanical action. A 5% (w/v) agarose gel, soaked in ethanol for 

Fig. 1. Printed textile, before treatment.
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24 hours and placed directly on the textile surface, greatly reduced the coating but left behind distinct outlines 
where the gel block had been [note 1]. This method would also have incurred significant cost in materials and 
in treatment time. A piece of ethanol-dampened cotton flannel, a plain-weave fabric with a napped texture, 
proved to be as effective as the agarose gel blocks without causing the formation of distinct lines. 

The whole surface of the textile was treated with the cotton flannel method; the flannel was dampened 
with ethanol and placed directly on the surface of the printed textile under glass weights for 15–30 minutes. 
The glass weights ensured good contact between the textile surface and the cotton flannel and slowed the 
evaporation of the ethanol. The solvent solubilized the coating, and capillary action pulled it into the cotton 
flannel. After the flannel was removed, any visible coating residues that remained were removed with ethanol-
dampened cotton swabs.  

This method greatly reduced the yellowed coating in a time-efficient manner with little mechanical action, 
and the visibility of the printed design was improved. However, the soiling embedded in the cracks in the coating 
and the textile weave structure also became more apparent, and the textile remained quite stiff (fig. 2b).

3. EMULSION CLEANING

Examination indicated that, as anticipated, the gum coating that was trapping the embedded soiling below 
had not been reduced by the first phase of cleaning. Results of testing, summarized in table 1, suggested that a 
solvent and water cleaning system was necessary to address the gum coating, the residual yellowed coating, 
and the embedded soiling. 

An emulsion composed of benzyl alcohol and a solution of 1% (w/v) Orvus WA Paste in deionized water 
mixed in a 1:1 ratio was found to successfully meet treatment goals. The emulsion was brush-applied to the 
textile, following the contours of the design elements. Then blotter paper was used to remove as much coating 
material and soiling as possible from the surface. The emulsion and more deeply embedded materials were 
cleared from the textile with a series of rinses of deionized water pulled through the textile on a suction table. 
The amount of coating material and soiling released from the textile was apparent on the blotting paper that 
had been placed between the textile and the suction table during the emulsion cleaning process. This second 
phase of cleaning greatly reduced the amount of soiling and coating material present on the textile as 
evidenced by its brighter appearance, improved visibility of the printed image, and more supple hand. 

Fig. 2. Detail, (a) printed textile with coating partially reduced, (b) after coating reduction with the cotton flannel method, and 
(c) after treatment.
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4. ADDITIONAL TREATMENT STEPS

The textile underwent an overall wet cleaning to further reduce the amount of soiling present and to ensure 
that the surfactant was fully cleared, and planarity was restored by drying the textile on a smooth, flat surface. 

Table 1. Notes on Cleaning Method Testing for Second Phase of Coating Removal

Cleaning Method
Method of 

Application Observations

Aqueous surfactant cleaning
1% w/v Orvus WA Paste and 

0.5% w/v sodium carboxy-
methyl cellulose in deion-
ized water

Brush applied and 
blotter rinsed

The coating swelled with prolonged contact with 
water, but was not removed from the textile 
and became stiffer upon drying. Dyes were not 
affected. 

Solvent cleaning
Ethanol; acetone; benzyl alco-

hol; toluene

Thickened with Velve-
sil  (15-20% w/v) and 
brush applied

Polar solvents removed some of the residual yel-
lowed coating, but did not affect the soiling or 
second coating

Enzyme treatments
0.25% w/v lysing enzyme in 

2.5% w/v methyl cellulose 
poultice;

0.25% w/v alpha-amylase in 
2.5% w/v methyl cellulose 
poultice

Brush applied and 
cleared with water

Enzyme gel applied for 1 hour, covered to 
prevent evaporation. The coating swelled with 
contact with water, and amylase appeared to 
reduce the coatings slightly. Soiling was not af-
fected. Method not pursued due to the expense 
of the enzymes.

Gelled emulsion cleaning system
5:3:2 aqueous xanthan gum 

gel (2% w/v): aqueous che-
lating solution (0.25% w/v 
citric acid, 0.5% w/v sodi-
um DTPA): benzyl alcohol

Emulsion applied via 
brush, cleared with 
deionized water

Soiling and yellow coating material left behind 
by ethanol treatment were reduced, but chelator 
and mechanical action had a detrimental impact 
on dyes. Cleaned areas appeared much brighter.

Emulsion cleaning (nonionic 
surfactant)
6:3:1 Ecosurf EH-9 (w/v): 

benzyl alcohol: deionized 
water 

Brush applied and 
cleared with ethanol 
on the suction table

Effectively reduced the residual yellowed coat-
ing and the embedded soiling; textile was much 
more flexible and bright after treatment. How-
ever, the surfactant could not be satisfactorily 
cleared.  

Emulsion cleaning (anionic sur-
factant)
1:1 benzyl alcohol: aqueous 

Orvus WA Paste solution 
(1% w/v)

Brush applied and 
cleared with water on 
the suction table

Cleaning method effectively reduced the remain-
ing yellowed coating and embedded soiling. 
Treated areas appeared much brighter and the tex-
tile was more flexible after treatment. Rinsing with 
water on the suction table allowed the emulsion to 
be pulled through the textile and into blotter paper 
below, carrying solubilized coating and soiling. 
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After wet cleaning, the splits and areas of structural damage in the textile were stabilized with localized silk 
crepeline supports, coated with two coats of the adhesive mixture 3:1 Lascaux 498 HV: Lascaux 360 HV 15% 
(w/v) in deionized water, and heat reactivated onto the verso of the textile. The textile will be rolled on an 
archival tube for long-term storage as part of a private collection.   

5. CONCLUSIONS

The treatment of the block-printed textile met the goals set in consultation with the owner of the object 
and allied professionals. The thickness of the yellowed coating and the differences in solubilities of the 
two coatings necessitated a three-phase cleaning approach. The first phase of cleaning greatly reduced 
the discolored coating in a gentle and time-efficient manner with little material cost. The second phase 
of cleaning was highly effective due to the concurrent application of solvent and aqueous phases. 
Overall wet cleaning removed any residual surfactant and aided in achieving an even level of cleanliness 

Fig. 3. Printed textile, after treatment. 
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(figs. 2c, 3). The overall cost of the treatment consisted primarily of the ethanol ($90.60 for 1.5 L) and 
benzyl alcohol ($27.50 for 1 qt.), as all other materials used can be found in most textile conservation 
laboratories. 
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NOTES

[1]  A 24-hour soak was chosen based on a Winterthur/University of Delaware Program in Art Conservation 
paper conservation seminar, which recommended a minimum of 24 hours to allow for water-solvent 
exchange but warned that agarose gels become more rigid as the water is replaced with solvent. It was 
found that after 24 hours, the gels were easier to work with and still fairly flexible. There was good surface 
contact between the gels and the textile, and the gels effectively reduced the coating. During testing, when 
the agarose soaked for a longer time, the gels became more rigid and distorted, making it difficult to 
achieve surface contact with the flat textile.
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Tel: (800) 634-6932
Fax: (703) 321-0629
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ABSTRACT—Textile treatments frequently benefit from contact humidification, and finding the most effec-
tive barrier material to facilitate the process can be challenging. Gore-Tex has long been the staple for this 
task. However, its expense and diminished availability have necessitated a search for alternatives with similar 
properties. Now out of production, DuraVent, fabricated by Kappler Inc. for outdoor equipment covers, has 
been adapted as an alternative to Gore-Tex. In advance of an upcoming treatment requiring a large amount of 
contact humidification, the author and colleague Lisa Kelman set up trial runs to compare these with two less 
familiar materials.

The trials took an initial look at ProVent, a composite fabric by Kappler Inc. designed for protective cloth-
ing. Two types are currently available, ProVent 10000 and ProVent 7000. These are both breathable materials 
allowing water vapor, but not droplets, to pass through. In the experiments, the length of time required for 
humidification varied, but both versions of ProVent were found suitable in the treatment of a relatively new 
and heavy textile. Although more testing should be done, the positive results open a path for considering 
these new materials for use in humidification.

MATERIALES DE BARRERA PARA LA HUMIDIFICACIÓN: ¿UNA NUEVA OPCIÓN?

RESUMEN—Los tratamientos de textiles frecuentemente se benefician de la humidificación por contacto, y 
encontrar el material de barrera más efectivo para facilitar el proceso puede ser un desafío. Gore-Tex ha sido 
durante mucho tiempo el elemento básico para esta tarea. Sin embargo, su costo y disponibilidad disminuida 
han requerido una búsqueda de alternativas con propiedades similares. Ahora fuera de producción, 
DuraVent, fabricado por Kappler Incorporated para cubiertas de equipos para exteriores, se ha adaptado 
como una alternativa a Gore-Tex. Antes de un tratamiento que requería una mucho humidificación por con-
tacto, la autora y colega Lisa Kelman establecieron pruebas para comparar estos con dos materiales menos 
familiares.

Las pruebas dieron un vistazo inicial a ProVent, un tejido compuesto de Kappler Incorporated, diseñado 
para ropa protectora. Actualmente hay dos tipos disponibles, ProVent 10,000 y ProVent 7000. Estos son mate-
riales transpirables que permiten el paso del vapor de agua, pero no de las gotitas. En los experimentos, el 
tiempo requerido para la humidificación varió, pero se encontró que ambas versiones de ProVent eran adec-
uadas para el tratamiento de un textil relativamente nuevo y pesado. Si bien se deben hacer más pruebas, los 
resultados positivos abren un camino para considerar estos nuevos materiales para su uso en la humidifi-
cación.
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ABSTRACT—When it proved impossible to manipulate an empty, rigid 15-ft. (4.5 m) × 10-in. (25 cm) diam-
eter archival rolling tube through winding, narrow corridors and stairwells to a storeroom in a historic house, 
a flexible cylinder was developed for use as a temporary support to move two tapestries. This conveyance is 
appropriate if the fabric is sturdy enough to be rolled and slightly deflected along the span of the cylinder dur-
ing transport. The cylinder core was 6-in. (15 cm) diameter closed-cell polyethylene backer rod, supplied in 
6-ft. (1.8 m) lengths, splined together with wood dowels. The joins were taped to provide additional support, 
and the cylinder core was wrapped with sufficient polyester batting to create a final diameter of approximately 
10 in. (25 cm). A final layer of Tyvek, taped to itself, provided a sturdy, slightly resistant surface for the 
cylinder. The flexible cylinder was supported in a series of slings to avoid compressing the rolled tapestry 
during the winding transit route. Some of the slings were centered over the splined/taped seams to provide 
additional support. Once in the storeroom, the tapestry was transferred to a prepared archival tube, wrapped, 
and suspended on a purpose-built rack.

UN CILINDRO FLEXIBLE PARA MOVER TEXTILES GRANDES A TRAVÉS DE ESPACIOS 
ESTRECHOS

RESUMEN—Cuando resultó imposible manipular un tubo de cartón libre de ácido vacío y rígido de 
4.5 m por 125 cm de diámetro a través de escaleras y pasillos serpenteantes y estrechos a un almacén en 
una casa histórica, se desarrolló un cilindro flexible para utilizar como un soporte temporal con el fin de 
mover dos tapices. Este transporte es apropiado si la tela es lo suficientemente resistente como para 
rodar y flexionarse ligeramente a lo largo del tramo del cilindro durante el transporte. El núcleo del cil-
indro era de espuma de polietileno de celda cerrada 15 cm de diámetro, suministrada en longitudes de 
1.8 m, unidos con tarugos de madera. Las uniones se fijaron con cinta adhesiva para dar soporte adicio-
nal, y el núcleo del cilindro se envolvió con un revestimiento de guata de poliéster suficiente para crear 
un diámetro final de aproximadamente 25 cm. Una capa final de Tyvek produjo una superficie resistente 
para el cilindro. Con el fin de evitar la compresión del tapiz enrollado durante la ruta de tránsito por el 
pasillo serpenteante, el cilindro flexible fue soportado con una serie de eslingas. Algunas de las eslingas 
se centraron sobre las uniones en la espuma para dar soporte adicional. Una vez en el almacén, el tapiz 
se transfirió a un tubo de cartón libre de ácido preparado, se envolvió y se suspendió en un estante espe-
cialmente diseñado.

A FLEXIBLE ROLLING CYLINDER FOR MOVING LARGE TEXTILES THROUGH TIGHT 
SPACES

CHRISTINE GIUNTINI

1. INTRODUCTION 

A flexible cylinder for transporting rolled fabrics was developed during a collaborative project that required 
transferring two Renaissance tapestries from a gallery space in an historic house (fig. 1) to the storage area on 
a lower floor. The lower-level passageways were narrow and winding, with low ceiling clearance and two 
90° turns. The curatorial and collections team were concerned that the rolled tapestries might not be able to 
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make these sharp turns. As a test, one of the custom 15-ft. (4.5 m) × 10-in. (25 cm) diameter, rigid archival 
storage tubes was walked through the route. It became clear that there was no possibility of fitting the tube 
around the tight turns in the hallway, regardless of how steeply it was angled. 

2. DESCRIPTION

A temporary 15-ft. × 10-in. diameter flexible support was created from closed-cell polyethylene backer rod, 
polyester batting, and Tyvek. It was used to transfer the two tapestries, one after the other, from gallery to 
storage. A flexible support can temporarily replace a rigid tube, provided the textile it supports is sturdy 
enough to be slightly deflected along the span. If a fabric is flexible enough to be rolled, it should also be able 
to withstand the minor deflections of the backer-rod cylinder. For this project, the deflection off horizontal 
was estimated to have been no more than 7° to 12°. This flexible support should always be used with carrying 
slings, so the somewhat soft package can be handled without compressing the object as it is manipulated in 
tight spaces. The empty flexible cylinder should also be tested along the route to determine that there is safe 
passage before use.

3. ASSEMBLY

The cylinder was created from easily purchased and assembled materials (fig. 2), according to the following 
steps. For rolling oversize fabrics and related works, 6-in. (15 cm) diameter backer rod is recommended. It is 
supplied in 6-ft. (1.8 m) lengths. For this project, three lengths were purchased.

Fig. 1. Scaffold assembly for removing the King of Malice tapestry from display. Photographer: C. Giuntini. © 2017 Dumbarton 
Oaks, House Collection, Washington, DC.
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3.1 APPORTION BACKER ROD TO DISTRIBUTE JOINS EVENLY ALONG THE LENGTH 
For finished lengths longer than 6 ft., it is recommended that one 6-ft. length serve as the center rod. The 

remaining length should be portioned into two equal pieces, each approximately half of the remaining length. 
For this project, a 15-ft. length cylinder was necessary; therefore, three 6-ft. lengths were purchased. The 
remaining 9 ft. (2.7 m) were divided into two 4.5-ft. (1.4 m) lengths, each cut from the second and third 
backer rods, respectively. These two shorter lengths were secured to opposite ends of the central section. The 
maximum length that can be achieved from three backer rods is 18 ft. (5.5 m). Longer lengths may be possi-
ble, but the assembled cylinder would have to be tested prior to use with an artifact. 

3.2 JOIN LENGTHS  
Wooden dowels or chopsticks can be used as splines to support and strengthen the joins. Both are readily 

available and easily sharpened at both ends with a pencil sharpener to facilitate penetration into the backer 
rod. If dowels are chosen, ¼-in. (6 mm) or ⅜-in. (9.5 mm) diameter work equally well. To eliminate rotation, 
at least two splines are necessary; three were used for this project. If the object is particularly heavy—a 20th 
century pile carpet, for example—longer pieces of wood can be added or metal rods can be substituted.

The cylinder will become rigid at the joins, and this fact should be considered when choosing the length and 
number of splines. The wood splines are first inserted into the center backer rod. The outer rod is aligned with the 
center one, and both are held under tension as the halves are pushed together. The sections must be carefully aligned, 
and two or more people pushing the backer rods together may be necessary to ensure even and close contact. 

The rods must make complete contact for the join to be strong. The closed join should be secured with 
several overlapping rotations of tape around its circumference. The tape should then be compressed against 
the rod to ensure adhesion. 

Fig. 2. Materials and methods for the assembly of a flexible cylinder. Photographer: C. Giuntini. © 2017 Dumbarton Oaks, 
House Collection, Washington, DC.
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3.3 WRAP THE ASSEMBLED CYLINDER 
For these tapestries, and any fabric needing a greater than 6-in. diameter support, the backer rod can be 

wrapped with polyester batting to achieve the appropriate diameter. Polyester batting can be purchased in 
many thicknesses and densities. For this project, 1.5-in. (3.8 cm) high-loft, low-density polyester batting 
was selected because fewer rotations would be needed to achieve the necessary 10 in. diameter. However, a 
more rigid cylinder can be created using a thinner, high-density batting, which may be an advantage for 
some projects. To ensure even rolling tension, two or more persons are required to roll the batting onto the 
cylinder. For this project, 15 ft. of batting was rolled out and the backer rod placed parallel to its length; no 
piecing was necessary, but larger pieces can be easily assembled using a loose figure-eight stitch and a butt 
join. 

A 15-ft. length of Tyvek, 60 in. (1.5 m) wide and similarly oriented, was immediately rolled into the outer 
edge of the batting. After approximately one and a half rotations, the Tyvek was secured to itself with 3M 
double-sided tape. An additional turn was added to ensure adequate distance between the pressure-sensitive 
adhesive and the tapestry. The Tyvek surface created a smooth yet slightly stiff support for rolling the tapestry. 
The tapestry was then rolled onto the leading edge of the Tyvek. Additional sheets of Tyvek were added as 
interleaving and outer covering, though an appropriate archival paper or fabric could also be substituted for 
this purpose. Cotton ties secured the final package.

3.4 SUPPORT THE LOADED CYLINDER
Inexpensive log carriers were used as slings to support the weight of each tapestry evenly. When sus-

pended by the slings, the cylinder flexed slightly to accommodate differing carrying heights from the floor 
(fig. 3). The log carrier handles allowed the art handlers to keep a steady grip on the cylinder without 

Fig. 3. Flexible cylinder with rolled tapestry held by slings; tube flexes slightly along the span. Photographer: C. Giuntini. 
© 2017 Dumbarton Oaks, House Collection, Washington, DC.
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compressing the art rolled around it with their hands or arms while moving along the confined route (fig. 4). 
Ideally, when using a flexible cylinder, some of the slings will be positioned to support the joins.

4. CONCLUSIONS

Once the tapestries arrived in the storeroom (fig. 5), they were transferred to permanent tubes for storage. 
Storing tapestries or other works of art on a flexible cylinder is not recommended, as the bottom will 

Fig. 4. Two images of the flexible cylinder with rolled tapestry traveling to the storeroom. Photographer: C. Giuntini. © 2017 
Dumbarton Oaks, House Collection, Washington, DC.

Fig. 5. Art handlers and tapestry arrive at the storeroom. Photographer: J. Norman. © 2017 Dumbarton Oaks, House 
Collection, Washington, DC.
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compress from the weight of the object itself, and over time, this compression could cause planar distortions 
or other damage. 
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SOURCES OF MATERIALS

Polyethylene backer rod, 6-in. diameter, sold in 6-ft. lengths
Best Materials LLC
2338 N. 33rd Ave.
Phoenix, AZ 85009
Tel: (602) 272-8128, (800) 474-7570
Fax: (602) 272-8014
www.bestmaterials.com/detail.aspx?ID=16522

Wood dowels, 12-in. length × ¼-in. or ⅜-in. diameter 
3M Scotch book tape 845
Amazon.com 

Polyester batting, 1½-in. thick, no resin
TestFabrics, Inc. 
PO Box 3026
West Pittston, PA 18643
Phone: (570) 603-0432
Fax: (570) 603-0433
www.testfabrics.com

Tyvek roll 60-in. width × 150-ft. length (7.5 mil); 3M 415 double-sided polyester film tape
Uline
12575 Uline Drive
Pleasant Prairie, WI 53158
Tel: (800) 298-5510
Fax: (800) 295-5571
www.uline.com

http://Amazon.com
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Canvas log carriers, approximately 35-in. interior length, excluding handles
Zoro.com
909 Asbury Dr.
Buffalo Grove, IL 60089
Tel: (855) BUY-ZORO 
Fax: (855) FAX-ZORO 
www.zoro.com

Photo-Tex interleaving tissue (optional, as substitute for Tyvek)
Archivart: Nielsen Bainbridge Group
12303 Technology Blvd. Suite 950
Austin, TX 78727
Tel: (888) 846-6847
Fax: (512) 506-3933
http://nielsenbainbridgegroup.com/content/archivart

AUTHOR BIOGRAPHY

CHRISTINE GIUNTINI is conservator in the Department of the Arts of Africa, Oceania, and the Americas at 
The Metropolitan Museum of Art (MMA). Exhibition and storage display methods are a primary interest. Her 
research focuses on the study of materials and methods of manufacture of African, Oceanic, and New World tex-
tiles and composites. She has contributed to both professional and MMA publications, including technical essays 
for The Essential Art of African Textiles: Design without End (2008) and Peruvian Featherworks (2012). Address: 
Metropolitan Museum of Art, 1000 Fifth Ave., New York, NY 10028. E-mail: christine.giuntini@metmuseum.org.

mailto:christine.giuntini@metmuseum.org




Textile Specialty Group Postprints Volume 27, 2017 257

ABSTRACT—Rare-earth magnets are one of the more innovative tools that conservators use to install art-
work in institutions and private homes. While the success of magnetic hanging systems is well documented, 
there is less information on concealing rare-earth magnets on the surface of the displayed object. When used 
incorrectly, rare-earth magnets can damage the surface of the artwork, be very difficult to remove, or draw 
attention away from the object. This poster illustrates different methods of toning nickel-coated neodymium 
magnets, including covering with acrylic paint, facing a magnet with paper or fabric, and wrapping magnets 
with fabric. The advantages and disadvantages of each method of toning are explored, and factors such as time 
spent and longevity of the camouflaging treatment are considered. While examples are given for use on tex-
tiles and painted surfaces, the conclusions apply for other media. Accompanying the poster are examples of 
magnets that have been toned to match sample artwork.

https://schd.ws/hosted_files/aics45thannualmeeting2017/ca/AIC2017_Carbone_Poster.pdf

ATRACCIÓN FATAL: PRUEBAS Y TRIBULACIONES EN TONIFICACIÓN DE IMANES DE 
TIERRA RAROS

RESUMEN—Los imanes de tierras raras son una de las herramientas más innovadoras que los conservadores 
usan para instalar obras de arte en instituciones y hogares privados. Si bien el éxito de los sistemas de colgado 
magnético está bien documentado, hay menos información sobre el ocultamiento de imanes de tierras raras 
en la superficie del objeto. Cuando se usan incorrectamente, los imanes de tierras raras pueden dañar la 
superficie de la obra de arte, ser muy difíciles de quitar o alejar la atención del objeto. Este póster ilustra dife-
rentes métodos para tonificar imanes de neodimio recubiertos de níquel, incluyendo el recubrimiento con 
pintura acrílica, cubriendo a un imán con papel o tela, e imanes envueltos con tela. Se exploran las ventajas y 
desventajas de cada método de tonificación, y se consideran factores tales como el tiempo dedicado y la lon-
gevidad del tratamiento de camuflaje. Si bien se dan ejemplos para su uso en textiles y superficies pintadas, las 
conclusiones se aplican a otros medios. Acompañando al póster hay ejemplos de imanes que han sido toni-
ficados para que combinen con maquetas.
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FATAL ATTRACTION: TRIALS AND TRIBULATIONS IN TONING RARE EARTH MAGNETS

MORGAN BLEI CARBONE
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ABSTRACT—Masks representing immortal creatures of the forest are part of the Ticuna Indian female initia-
tion ritual known as “Festa da Moça Nova.” The masks and the girls share a metamorphic process where at the 
end of the ritual, both start a new life cycle. However, the ephemerality of these objects is witnessed daily, 
when conservators seek to prolong the life of objects that are produced for a ritual and are often discarded 
after use.

Three types of bark cloth were identified in masks in the collection of the Museu de Arqueologia e Etnolo-
gia of the University of São Paulo. These materials have different degradation processes. Some masks have 
preserved their flexibility and integrity, whereas others are rigid and have brittle fibers. To understand the 
relationship between the composition and intrinsic factors of degradation of these objects, the bark cloth was 
rated by its conservation status and by the results of XRF and pH analysis. Treatments performed such as 
cleaning, humidification, reshaping, and infilling of losses are also presented. 

In the future, this project will also involve collaborative work with the Ticuna tribe. Through these collab-
orations, more effective preservation strategies will be developed and relationships with the originators of col-
lections will be strengthened.

http://schd.ws/hosted_files/aics45thannualmeeting2017/93/Poster - imagens em alta.pdf

ENTRE LO EFÍMERO Y LO INMORTAL: CONSIDERACIONES SOBRE EL PROCESO DE 
CONSERVACIÓN DE LA TELA DE CORTEZA DE LOS TICUNA

RESUMEN—Las máscaras que representan criaturas inmortales del bosque son parte del ritual de iniciación 
femenino del pueblo amerindio ticuna conocido como “Festa da Moça Nova”. Las máscaras y las niñas com-
parten un proceso metamórfico donde al final del ritual, ambos comienzan un nuevo ciclo de vida. Sin 
embargo, lo efímero de estos objetos se atestigua a diario, cuando los conservadores buscan prolongar la vida 
de estos objetos que se producen para un ritual y, a menudo, se descartan después de su uso.

Se identificaron tres tipos de tela de corteza en máscaras en la colección del Museu de Arqueologia e 
Etnologia de la Universidad de São Paulo. Estos materiales tienen diferentes procesos de degradación. Algu-
nas máscaras han preservado su flexibilidad e integridad, mientras que otras son rígidas y tienen fibras que-
bradizas. Para comprender la relación entre la composición y los factores intrínsecos de degradación de estos 
objetos, la corteza se calificó por su estado de conservación y por los resultados de XRF y análisis de pH. Tam-
bién se presentan tratamientos que se llevan a cabo, como limpieza, humidificación, remodelación y relleno 
de pérdidas.

En el futuro, este proyecto también implicará un trabajo de colaboración con los ticuna. A través de estas 
colaboraciones, se desarrollarán estrategias de preservación más efectivas y se fortalecerán las relaciones con 
los creadores de las colecciones.

BETWEEN THE EPHEMERAL AND THE IMMORTAL: CONSIDERATIONS ABOUT THE 
PROCESS OF CONSERVATION OF TICUNA BARKCLOTH

ANA CAROLINA DELGADO VIEIRA, EDSON TOSTA MATAREZIO FILHO, 
MARCIA DE ALMEIDA RIZZUTTO, AND PAULA ALINE DURÃES ALMEIDA

http://schd.ws/hosted_files/aics45thannualmeeting2017/93/Poster-imagensemalta.pdf
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ABSTRACT—This poster focuses on applying fills to losses in the Torneraj Armchair, a coated flexible poly-
urethane foam chair in the collection of the Museum of Modern Art in New York City. While there is exten-
sive literature on the consolidation of polyurethane foam artworks, there is very little information on creating 
fills for soft polyurethane foam sculptures. The Torneraj Armchair had sustained large losses to the foam and 
coating due to degradation of the polyurethane foam substrate due to photo-oxidation. Scientific analysis of 
the foam substrate and pigmented coating for the chair was conducted using polarized light microscopy and 
FTIR to determine appropriate adhesives and solvents for treatment of the chair. For this treatment, new poly-
urethane foam was selected as the fill material to retain properties of the original foam substrate. The use of 
liquid nitrogen to freeze soft polyurethane foam so that it can be cut and shaped into smaller sizes and grains 
is described. This poster explores methodology for testing various fill adhesives using mock-ups, and 
describes how fills can be applied and inpainted to restore the overall appearance of foam artworks.

https://schd.ws/hosted_files/aics45thannualmeeting2017/4e/AIC2017_Nichols_poster.pdf

APLICANDO RELLENOS A PÉRDIDAS EN UNA SILLA DE ESPUMA DE POLIURETANO EN EL 
MUSEO DE ARTE MODERNO

RESUMEN—Este póster se centra en la aplicación de rellenos a pérdidas en el Torneraj Armchair, una silla de 
espuma de poliuretano flexible en la colección del Museo de Arte Moderno, Nueva York. Si bien existe una 
amplia literatura sobre la consolidación de las obras de espuma de poliuretano, hay muy poca información 
sobre la creación de rellenos para esculturas de espuma de poliuretano blando. El Torneraj Armchair había 
sufrido grandes pérdidas en la espuma y el recubrimiento debido a la degradación del sustrato de espuma de 
poliuretano producido por la fotooxidación. El análisis científico del sustrato de espuma y el recubrimiento 
pigmentado del sillón se realizó utilizando microscopía de luz polarizada e IR-TF para determinar los adhesi-
vos y solventes apropiados para el tratamiento del sillón. Para este tratamiento, se seleccionó nueva espuma de 
poliuretano como material de relleno para retener las propiedades del sustrato de espuma original. Se describe 
el uso de nitrógeno líquido para congelar espuma de poliuretano blando de modo que se pueda cortar y con-
formar en tamaños y granos más pequeños. Este póster explora la metodología para probar diversos adhesi-
vos de relleno utilizando maquetas, y describe cómo los rellenos se pueden aplicar y pintar para restaurar la 
apariencia general de las obras de arte de espuma.
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APPLYING FILLS TO LOSSES IN A POLYURETHANE FOAM CHAIR AT THE MUSEUM OF 
MODERN ART

ALEXANDRA NICHOLS
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ABSTRACT—An early conservation pioneer from St. Paul, MN, Tom Welter treated many battle flags 
between 1964 and 1982. While his work is known by many veterans in the textile conservation community, 
the documentation of his historic private practice and his influence on modern-day techniques have not been 
examined until now. Welter was an Army Air Corps pilot in both World War II and Korea who went on to be 
a sign painter and custom display specialist at Montgomery Ward department store. After a two-day tutorial 
from Katherine Scott in 1964, he developed a method to encapsulate battle flags. Welter went on to use his 
method of consolidation for many years. Once the treatment was completed, a flag was able to hang from its 
staff for long-term exhibition. During the 18 years that Welter dedicated to conserving battle flags, he fre-
quently used and modified everyday household items creating extraordinary one-of-a-kind equipment. This 
poster reviews the historical equipment and machinery Welter developed during his 18-year career. By exam-
ining former treatments, journal notes, documentation, and actual equipment, the poster shows how Welter’s 
treatment procedures evolved as he employed creative problem solving to preserving battle flags throughout 
the country.

https://schd.ws/hosted_files/aics45thannualmeeting2017/96/AIC2017_Frisina_Poster.pdf

LIMPIADORES DE VAPOR, BRAZOS LARGOS Y BANDERAS DE COMBATE: EQUIPO DE 
CONSERVACIÓN DE BANDERAS INNOVADOR DE TOM WELTERS, CONSERVADOR DE 

TEXTILES

RESUMEN—Tom Welter, un pionero temprano de la conservación de Saint Paul, Minnesota, trató muchas 
banderas de combate entre 1964 y 1982. Mientras su trabajo es conocido por muchos veteranos en la comuni-
dad de conservación textil, la documentación de su práctica privada histórica y su influencia en las técnicas 
modernas no han sido examinadas hasta ahora. Welter fue piloto del Cuerpo Aéreo del Ejército tanto en la 
Segunda Guerra Mundial como en Corea, y luego pasó a ser pintor de carteles y especialista en exhibiciones 
en los grandes almacenes Montgomery Ward. Después de un tutorial de dos días de Katherine Scott en 1964, 
desarrolló un método para encapsular las banderas de combate. Welter pasó a utilizar su método de consoli-
dación durante muchos años. Una vez que se completó el tratamiento, una bandera podía colgarse a largo 
plazo. Durante los 18 años que Welter dedicó a la conservación de las banderas de combate, con frecuencia 
utilizaba y modificaba artículos cotidianos, creando un equipo único y extraordinario. Este póster revisa el 
equipo y la maquinaria que Welter desarrolló durante su carrera. Al examinar los tratamientos, las notas de 
los diarios, la documentación y el equipo mismo, el póster muestra cómo los procedimientos de tratamiento 
de Welter evolucionaron a medida que él empleaba la resolución de problemas creativa para preservar las 
banderas de combate en todo el país.
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STEAM JENNIES, LONG ARMS, AND BATTLE FLAGS: TEXTILE CONSERVATOR TOM 
WELTERS’ INNOVATIVE FLAG CONSERVATION EQUIPMENT

ANN FRISINA
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ABSTRACT—Between 2010 and 2016, to commemorate the bicentennial of the Spanish-American revolu-
tions and the Argentine War of Independence, projects to conserve historical collections were carried out. 
Special attention was given to flags and banners, emblems of the new national revolutionary armies’ identity 
and historical documents of the 19th century. The initiative resulted in changes to methods of intervention 
and exhibition of national flags in Argentina.

Historically, Argentine museums collected flags, both of Spanish origin—war trophies—and those created 
by local regiments. Until the late 20th century they were treated by paper or paintings conservators, resulting 
in adhesive consolidation onto flat rigid surfaces. Although this was effective compared with nonintervention, 
currently less-invasive, reversible methods, the use of compatible materials, and conservation stitches are pre-
ferred. Changes were also made to exhibition methods; previously, flags were displayed tensioned and nailed 
vertically or folded inside wooden cases, with no light or environmental controls.

This poster describes the improvements made to the first flags of the national armies through changes in 
treatment and display. A new approach to textile intervention was established in Argentina: a complete docu-
mentation process and analysis of the textile, nonadhesive consolidation, and new exhibition systems, aiming 
to achieve unified criteria.

http://schd.ws/hosted_files/aics45thannualmeeting2017/5f/Poster-LOW.pdf

BANDERAS NACIONALES, EL BICENTENARIO Y EL CAMBIO DE CRITERIO EN SU 
CONSERVACIÓN

RESUMEN— Entre los años 2010 y 2016 con motivo del Bicentenario de las Revoluciones americanas y las 
Guerras de Independencia en Argentina, se desarrollaron proyectos relacionados con la conservación de las 
colecciones históricas del patrimonio nacional. Entre ellas se les dio especial atención a las banderas y estand-
artes, distintivos de la identidad de los nuevos ejércitos revolucionarios nacionales, que representan un docu-
mento histórico del siglo XIX. Se iniciaron así cambios en la intervención y la exhibición del patrimonio textil 
vexilológico del país.

Históricamente en los museos argentinos se coleccionaron banderas, tanto españolas—trofeos de 
guerra—como las nacionales creadas por los regimientos locales. Hasta mediados del siglo XX las mismas 
fueron intervenidas por conservadores de papel o pintura, dando como resultado consolidaciones con adhesi-
vos en planos rígidos. Aunque este procedimiento fue efectivo en comparación a la no intervención, actual-
mente se prefieren intervenciones menos invasivas, reversibles y con materiales más afines al textil, basadas en 
el uso de puntadas de conservación. También se realizaron cambios en los métodos empleados para su 
exhibición; anteriormente se exhibían tensadas y clavadas en forma vertical, o plegadas dentro de cofres de 
madera y sin controles de iluminación ni medioambientales.

El presente trabajo describe la puesta en valor, a través de cambios en los criterios de intervención y de 
montaje, de las primeras Banderas de los Ejércitos Nacionales, todas confeccionadas en seda. Se planteó un 
nuevo enfoque en la restauración del patrimonio textil Argentino: el proceso de documentación y análisis del 
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textil, consolidación mediante costura y nuevos sistemas de exhibición, buscando encontrar un criterio 
unificado.
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ABSTRACT—This poster addresses an urushi-based (Japanese lacquer) metallic thread used on an embroi-
dered Japanese, early-mid Edo period, Nō-theater chōken. The couched metallic thread was used for five 
embroidered motifs, each a variation of a naturalistically depicted spray of flowers set in a vase. The thread 
was made by using urushi as an adhesive, binding a metal foil to a paper substrate; the paper was then cut into 
narrow strips and wound around a silk core. The metallic threads on the chōken suffered from severe surface 
flaking. No prior documented stabilization methods for urushi-based metallic thread were found in conserva-
tion literature or additional readings. Testing established that the adhesive was urushi; the concept of using 
like materials to stabilize like materials was the basis for the choice of urushi for this treatment. Synthetic 
adhesives posed a potential for unforeseen long-term incompatibility problems and hence were not used. The 
rudimentary stabilization method used in the treatment of these metallic threads is the topic of this poster.

https://schd.ws/hosted_files/aics45thannualmeeting2017/05/AIC2017_DeiTosPironti_Poster.pdf

ESTABILIZACIÓN DE HILOS METÁLICOS ASIATICOS BASADOS EN URUSHI 
(LACA JAPONESA)

RESUMEN—Este póster aborda el hilo metálico de urushi (laca japonesa) utilizado en el bordado de un 
chōken, una prenda japonesa del Nō-teatro, del período Edo. El hilo metálico se utilizó para cinco motivos 
bordados, cada uno una variación de un arreglo floral en un jarrón. El hilo se hizo usando urushi como adhe-
sivo, uniendo una lámina de metal a un sustrato de papel; el papel se cortó luego en tiras estrechas y se enrolló 
alrededor de un núcleo de seda. Los hilos metálicos en el chōken sufrieron de escamas superficiales severas. 
No se encontraron métodos de estabilización documentados para hilos metálicos basados   en urushi en la lit-
eratura de conservación o artículos adicionales. Las pruebas establecieron que el adhesivo era urushi; el con-
cepto de usar materiales similares para estabilizar materiales similares fue la base para la elección de urushi 
para este tratamiento. Los adhesivos sintéticos planteaban la posibilidad de problemas de incompatibilidad 
imprevistos a largo plazo y, por lo tanto, no se utilizaban. El método de estabilización rudimentario utilizado 
en el tratamiento de estos hilos metálicos es el tema de este póster.
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ABSTRACT—The Arturo Jimenez Borja-Puruchuco Site Museum in Lima, Peru, holds an important collec-
tion of funerary bundles, excavated during different archaeological campaigns conducted since the 1960s. The 
funerary bundles date to between 600 and 1532 CE, and come from archaeological sites in the Rímac River 
valley, including Puruchuco-Huaquerones, Rinconada de la Molina, Cajamarquilla, Pedreros, Huanchihuay-
las, and Huallamarca. For more than 50 years, the collection was stored without receiving any treatment or 
actions for its preservation, resulting in serious damage to the funerary bundles, such as deteriorated wrap-
pings, structural instability, internal material collapse, exposure to pests, and so on. To address these prob-
lems, a recovery methodology with an integral approach was developed which includes technical procedures 
and dissemination strategies for this important collection. First, key terminology was defined. The current 
and potential risks of the collection were then identified and evaluated. Finally, a comprehensive conservation 
process was proposed, focusing on both preventive conservation and conservation treatment.

http://schd.ws/hosted_files/aics45thannualmeeting2017/8b/POSTER.pdf

LA PRESERVACIÓN DE FARDOS FUNERARIOS EN PERÚ: UNA PROPUESTA 
METODOLÓGICA

RESUMEN—El Museo de Sitio Arturo Jiménez Borja-Puruchuco en Lima, Perú, posee una importante colec-
ción de fardos funerarios, excavados durante diferentes campañas arqueológicas realizadas desde la década de 
1960. Estos fardos funerarios datan entre 600 y 1532 d. C y provienen de diversos sitios arqueológicos del 
valle del Rímac, como Puruchuco-Huaquerones, Rinconada de la Molina, Cajamarquilla, Pedreros, Huanchi-
huaylas y Huallamarca. Por más de 50 años se mantuvieron en los depósitos del museo sin recibir algún tipo 
de tratamiento o acciones para su preservación; situación que conllevo a severos daños en los fardos funer-
arios, específicamente con la presencia de envoltorios deteriorados, inestabilidad estructural, colapso de mate-
rial interno, exposición a plagas, etc. Para solucionar estos problemas, se propone una metodología de 
recuperación de colección de fardos funerarios desde un enfoque integral, que incluye procedimientos técni-
cos y estrategias de divulgación de esta importante colección. Primero, se conceptualizaron las categorías 
básicas con el objetivo de identificar las características de la colección. Segundo, se evaluaron los riesgos actu-
ales y potenciales de la colección. Finalmente, se propuso un proceso de conservación, acorde con las carac-
terísticas de la colección, enfocándose tanto en la conservación preventiva como en la conservación curativa.
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ABSTRACT—The Arturo Jiménez Borja-Puruchuco Site Museum in Lima, Peru, is a national museum that 
holds a large collection of pre-Hispanic funerary bundles from the Central Coast dating from 1100–1532 CE. 
Funerary bundles are a mortuary treatment where a series of elements (such as textiles, ropes, organic mate-
rial, and so on) and artifacts were organized as wrappings around one or more individuals, in many cases gen-
erating anthropomorphic forms. This funerary tradition is evident from the earliest human settlements 
through the time of the Incas. Their size, mixture of materials, and complexity make these cultural assets a 
challenge for conservation.

Integral analysis of the collection has shown that from the museum’s founding in the 1950s to the present, 
irreversible damages have occurred related to inadequate storage, handling, and transport of the funerary 
bundles. Based on these observations, a series of studies was initiated to classify and characterize the collec-
tion, to assess the internal condition of the bundles using computed tomographic (CT) scanning, and to iden-
tify available conservation materials.

The result of this study was the development of a packaging system with stable materials composed of 
three types, designed to store small, medium, and large bundles, whose aim was to minimize the risks from 
the handling, transport, and storage which had caused constant and irreversible damage to the entire collec-
tion.

http://schd.ws/hosted_files/aics45thannualmeeting2017/3f/POSTER.pdf

SISTEMA DE EMBALAJE PARA FARDOS FUNERARIOS DEL PERÚ PREHISPÁNICO

RESUMEN—Los fardos funerarios prehispánicos representan un tratamiento funerario donde se dispone una 
serie de elementos (como textiles, cuerdas, material orgánico, etc.) y artefactos, organizados a manera de 
envoltorios alrededor de uno o más individuos, generando en muchos casos formas antropomorfas. Esta 
tradición funeraria se reporta desde los primeros asentamientos prehispánicos, inclusive hasta después de los 
Incas. Su tamaño, mixtura de soportes y complejidad hacen de este bien cultural un reto para la conservación.

El Museo del Sitio Arturo Jiménez Borja-Puruchuco en Lima, Perú, es un museo nacional que alberga una 
gran colección de fardos funerarios prehispánicos de la Costa Central peruana que datan alrededor de 1100–
1532 d. C. Un análisis integral de la colección ha permitido identificar que desde la fundación del museo en la 
década de 1950 hasta la actualidad, se fue generando un conjunto de daños irreversibles, relacionados al 
inadecuado almacenaje, manipulación y traslado de los fardos funerarios. A partir de estas observaciones, se 
inicióó́ la investigación con la clasificación y caracterización de la colección, evaluación del estado interno de 
los fardos con apoyo de tomografías computarizadas y estudio de materiales para conservación.

El resultado de esta investigación fue el desarrollo de un sistema de embalaje con materiales estables com-
puesto por tres tipos, diseñados para almacenar fardos pequeños, medianos y grandes, logrando minimizar 
los riesgos de manipulación, transporte y almacenaje, que causaban daños constantes e irreversibles a toda la 
colección. 
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ABSTRACT—The shirt General Francisco “Pancho” Villa wore the day he was murdered in Parral, Chihua-
hua on July 20, 1923, arrived at the Textile Conservation Workshop of the National School of Conservation, 
Restoration, and Museum Studies for conservation as part of an academic process.

The garment is part of Mexican cultural heritage because of its relationship to the Mexican Revolution, 
and because it is direct evidence of an important moment in the history of Mexico.

At the time of Villa’s autopsy, his clothes were handed to Austreberta Rentería, one of his wives. Conflicts 
emerged after the general’s death due to governmental and legal issues, so these clothes were the only tangible 
possession that Austreberta kept in remembrance of Villa. It is believed that she washed and mended the shirt 
to minimize the traces of blood and the evidence of bullets, thus becoming a sentimental keepsake for the 
widow. In 1965, she donated the clothes to the National Museum of History.

During the intervention a theoretical discussion took place: respect the second historicity of the piece by 
leaving the seams, or remove them to highlight the historical fact. A proposal for the intervention was created, 
based on values and needs, taking into account the shirt’s life trajectory and context.

http://schd.ws/hosted_files/aics45thannualmeeting2017/9c/Villa AIC 2017.pdf

¿COSTURA O EVIDENCIA?

RESUMEN—La camisa que portaba Francisco Villa el día que fue asesinado en Parral, Chihuahua el 20 de 
julio de 1923, llegó al Seminario Taller de Conservación y Restauración de Textiles de la Escuela Nacional de 
Conservación, Restauración y Museografía “Manuel del Castillo Negrete”, para ser estudiada e intervenida en 
un proceso académico.

La prenda forma parte del patrimonio cultural nacional por su valor histórico y por ser evidencia directa 
de un momento trascendental en la historia de México.

Al momento de la autopsia las prendas fueron entregadas a Austreberta Rentería, una de las esposas de 
Villa. Los conflictos después de la muerte del General, provocados por intereses personales, aspectos guberna-
mentales y legales hicieron que estas prendas fueran la única posesión tangible que ella conservara en recu-
erdo del General. Se cree que como un acto de afecto, ella lavó y zurció la camisa tratando de minimizar los 
restos de sangre e impactos de las balas, convirtiéndose así en un recuerdo sentimental para la viuda. En 1965 
ella donó las prendas al Museo Nacional de Historia. 

Estudiando la camisa, una discusión teórica se llevó a cabo en la ENCRyM: respetar la segunda historic-
idad de la pieza al no retirar las costuras o retirarlas para resaltar el hecho histórico. Se desarrolló una propu-
esta de intervención con base en sus valores y necesidades, teniendo en cuenta su trayectoria de vida, 
contextos e importancia.

MEND OR HISTORICAL EVIDENCE?
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INÉS DEL ÁNGEL MEJÍA MARTÍNEZ, ROSA LORENA ROMÁN TORRES, 
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