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Abstract. Dupuytren’s contracture tissues were obtained from six patients as excess 
surgical material. Pieces of these tissues (a total of 38 implants) were placed into 
subcutaneous pockets in the suprascapular area of nude (athymic) mice. The objective 
was to determine whether the implant tissues would be maintained in the mouse with 
the characteristics of Dupuytren’s tissue. The implants were removed for study at 14- 
179 days after implantation. Microvascular anastomosis between implant and host skin 
was established within the first 14 days. Histologic character and electron microscopic 
structure of the implants did not change during the course of the study. The implants 
became reduced in size with time. However, neither the spatial pattern of collagen nor 
the appearance of fibroblast cells changed. The original high levels of chondroitin-4- 
sulfate were significantly decreased in the 66- to 179-day postimplantation group, but 
were not significantly different from the values for normal fascial bands. The hyaluronic 
acid of the implants increased significantly with time of implantation, but never reached 
the level found in the normal fascial bands. The use of implants into nude mice may be 
useful for further experimental studies of Dupuytren’s contracture. 

[P.S.E.B.M. 1989. Val 190) 

upuytren’s contracture (DC) is an idiopathic 
disease of the palmar aponeurosis involving the D fascial bands. Usually the longitudinal bands 

are predominantly involved, but there can be 
involvement with the transverse and vertical fibers (1). 
VandeBerg et al. (2) have shown that the overlying 
palmar skin is not involved. The origin of DC is 
unknown but has been variously reported to be 
associated with trauma, alcoholism, diabetes (arthritis), 
or racial-genetic factors (3-5). The morphologic 
character of the lesion includes nodular collagen which 
contains myofibroblasts (6) apparently accounting for 
the contracture phenomenon of the affected digits. The 
bands are essentially avascular, but the majority of the 
peripheral microvessels are occluded by an increase in 
their own endothelial cells which bulge into the lumen. 
They also have an unusual heavy layering of basal 
lamina about the endothelial cells (7). Biochemically, 
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Dupuytren’s tissue resembles other proliferating 
connective tissue, for which increased amounts of 
chondroitin 4-sulfate, soluble collagen, and type I11 
collage have been reported (8, 9). 

This peculiar condition apparently can be experi- 
mentally produced in monkeys (1 0), although it has 
not been reported as occurring naturally in any animal. 
We have implanted pieces of hypertrophic scars and 
keloids into athymic nude mice and carried them suc- 
cessfully up to 60 days (1 1) with little or no change in 
their histiotypic character or glycosaminoglycan distri- 
bution. However, additional studies have shown that 
originally high levels of chondroitin 4-sulfate are re- 
duced in implants longer than 60 days (1 2). The hyper- 
trophic scar and keloid are apparently also unique to 
man. It occurred to us, therefore, to implant pieces of 
Dupuytren’s contractures into the nude mouse and 
characterize them by procedures used in the study of 
hypertrophic scars. Thus, the objective of this study 
was to determine whether the implants of DC retain 
their character over time. If so, they may constitute a 
suitable model for the experimental study of this lesion 
in terms of its growth, maintenance, and possible non- 
surgical resolution. 
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Materials and Methods 
Male athymic nude mice ( M U / M U )  were obtained 

from the Harlan Sprague-Dawley Co. and housed in a 
special room with limited access. The mice were kept 
one to a unit in which the bedding was sterilized and 
over which was a filtered bonnet. The units were placed 
in front of laminar positive air flow shelves. All proce- 
dures were done under a protective (or laminar flow) 
hood under aseptic conditions. 

Tissue specimens from six different patients with 
Dupuytren’s contracture were used from which 38 im- 
plants were made into 17 mice. The implants were 
removed at various times ranging from 14 to 179 days: 
2 at 14 days, 2 at 16 days, 4 at 27 days, 2 at 36 days, 5 
at 44 days, 3 at 66 days, 4 at 69 days, 2 at 104 days, 3 
at 106 days, 3 at 107 days, 2 at 109 days, 2 at 127 days, 
2 at 136 days, and 2 at 179 days. 

The donor tissues were obtained as excess material 
and consisted of contracture bands with peripheral fatty 
tissue. Sections were made by hand using a sterile 
stainless steel blade through the middle or largest part 
of the band. A midsection was then cut to a standard- 
ized size of approximately 5 X 8 X 5 mm. In all cases 
some peripheral fatty tissue was left attached to the 
piece for implantation. For the implantation procedure, 
each mouse was anesthetized with sodium pentobarbi- 
tal(40 mg/kg). A full-thickness incision was made over 
the scapular area and a subcutaneous pocket formed 
with the tips of surgical scissors. The donor tissue was 
placed in the pocket and the skin closed with 12-mm 
wound clips, which were removed after 10 days (Fig. 
1). 

Pieces were also taken from donor tissues for the 
control studies. Two specimens were fixed by immer- 
sion in Karnovsky’s fixative; one was used for light 
microscopy using hematoxylin and eosin (H & E) and 
Masson’s trichrome staining. The other piece was proc- 
essed for study by transmission electron microscopy. A 
third specimen was frozen for glycosaminoglycans 
(GAG) assays. A few normal transverse fascia1 bands 
were obtained, frozen for GAG assays, and small fresh 
pieces were also fixed and processed for light and trans- 
mission electron microscopy as control tissues. When 
the implants were removed the mouse was anesthetized 
as before, the skin incised, and the implants removed 
together with the overlying skin. Usually the implants 
were well fixed to the surrounding subcutaneous mouse 
tissue. 

Each implant was measured for length, width, and 
thickness upon harvesting. The measurements of the 
pieces prior to and at the time of implantation allowed 
for detection of change in volume. One implant was 
immediately frozen for future biochemical assays and 
the other was placed in Karnovsky’s fixative for mor- 
phologic studies. 

All implants were examined grossly for a vascular 
supply from the overlying skin. Two of the mice were 

Figure 1. Mouse with implant ()) over scapular area, 12 days after 
implantation. 

injected with barium sulfate suspension at 69 and 106 
days. For this procedure the mice were anesthetized 
with a intraperitoneal injection of sodium pentobarbital 
and tied to a cork board. The ascending aorta was 
cannulated via the left ventricle with a polyethylene 
cannula. A heparinized saline solution was first injected 
to reduce the possibility of perfusion obstruction. The 
left jugular vein was nicked to observe barium escape. 
The barium suspension (33 g of barium sulfate, 4 g of 
gelatin, 100 ml of water) was then injected with steady 
pressure until the mouse’s systemic circulation was 
filled with barium and leaked from the nicked jugular 
vein. Upon completion of the barium procedure, the 
back skin with the implants were dissected away from 
the mouse, pinned out in a petri dish filled with dental 
wax, and immersed in cold Karnovsky’s fixative. Serial 
macrosections of uniform thickness were made through 
the implant and overlying skin. The sections were 
placed on glass; microangiograms were prepared with 
high resolution x-rays taken of these sections for evi- 
dence of microvascular anastomosis. The other implant 
(on the other side) was examined by light microscopy 
using H & E staining. Additionally, the histologic sec- 
tions of the other implants recovered were also exam- 
ined (some by serial sectioning) for evidence of contig- 
uous microvascular anastomosis. 

Tissues to be examined by transmission electron 
microscopy were diced to appropriate size and im- 
mersed in Karnovsky’s fixative for several hours. After 
postfixation in osmium tetroxide for 1 hr, the tissues 
were dehydrated in graded alcohol and embedded in 
Epox 812 (Fullam). Thin sections were cut with a 
diamond knife, stained with uranyl acetate, and ex- 
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amined in a Philips 300 transmission electron micro- 
scope. The transmission electron microscopic sections 
were assessed for confirmation of microvascular occlu- 
sion and fine structural characteristics of fibroblast-type 
cells. 

Tissues and implants reserved for GAGS assays 
were weighed, thawed, and placed in an acetate buffer 
(0.2 M, pH 7) and digested with papain, followed by 

these were confirmed by H & E section (Fig. 4). The 
periphery of the implant showed a plethora of micro- 
vessels. No increase in microvessels over zero-time 
tissues was noted in the rest of the implant. 

All zero-time Dupuytren’s tissues had active-ap- 
pearing fibroblasts and all samples contained occluded 

separation of the GAG by cellulose acetate electropho- 
resis as previously described ( 13). The amount of each 
GAG fraction was estimated by means of a Beckman 
Microzonal Densitometer model R 1 12 and expressed 
as a percentage of the total GAG levels. 

Results 
All implants remained viable and healthy. There 

was no evidence of rejection. inflammation. infection, 
or round cell infiltration. Although the tissues cut for 
implants using a razor blade had sharp corners, all 
implants when recovered displayed rounded edges and 
were remodeled into elliptical shapes. Implants were 
covered by a thin layer of loose areolar tissue from the 
mouse subcutaneous layer. 

The younger implants usually displayed one major 
vessel appearing as a branch from a subcutaneous ves- 
sel, presumably from an artery which arborized directly 
onto the surface of the implant (Fig. 2). In older im- 
plants more than one vessel would sometimes be seen 
sumlving the imdant. Examination of H & E sections 

1 1  d v 

Figure 3. Microangiogram after barium sulfate injection of middle 
section though an implant after 106 days. Mouse skin (S) above 
imolant. Brioht areas to left and bottom remesent Dlexi of vessels 

demonstrated microvascular anastomosis in im- 
plants, the youngest being at 14 days after implantation. 

Figure 2. Implant of 11 days demonstrating arborized vessel Over 
Surface Of implant 0). Mouse skin with stem vessel to the left (original 
magnification xl0). nification ~325) .  

Figure 4. H & E section through implant of 69 days injected with 
barium. Note vessels of implant containing barium (1) (Original mag- 
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microvessels (Fig. 5) ,  especially in the peripheral fatty 
tissue. On the other hand, transverse fascial bands used 
as control tissues had no occluded microvessels and no 
active fibroblast-type cells (Fig. 6). The collagen fasicles 
were relatively small and considerable interstitial space 
was noted. 

Implants were evaluated histologically and com- 
pared with their zero-time tissues and the following 

Figure 7. DC implant of 127 days with many active appearing 
fibroblasts (H & E; original magnification X200). 

Figure 5. DC tissue from band, fresh nonimplanted. Active fibroblasts 
and occluded microvessels (I) (H & E; original magnification X200). 

Figure 8. DC implant of 44 days with occluded microvessels (1) (H & 
E; original magnification x200). 

results were obtained: 
1. No change in apparent density or character of 

the collagen was observed for any length of implanta- 
tion. 

2. Only two implants, at 44 and 127 days, showed 
slight increases in numbers of active fibroblasts in the 
bands proper (or nodules) (Fig. 7), and two others, at 

Figure 6. Normal fascial band from hand. Collagen fascicles are small lo4 and 79 days, showed decreases. 
with interstitial space (H & E; original magnification ~200) .  3. The number of occluded microvessels remained 

DUPUYTREN’S CONTRACTURE IMPLANTS 271 



essentially unchanged from the zero-time assessments 
(Fig. 8). 

The studies of the Dupuytren’s tissues by transmis- 
sion electron microscopy confirm that the fibroblasts 
identified as active by H & E sections appear active by 
transmission electron microscopic profile (Fig. 9). 
There are no essential differences among the cells in 
the implants compared with those in the zero-time 
tissues. The observation that microvessels identified as 
occluded by light microscopic section were confirmed 
by transmission electron microscopy (Fig. 10). 

Twenty-seven of the implants were measured at 
the time of harvesting and compared with their zero- 
time measurements for change in volume (Table I). 
When these measurements were subjected to a regres- 
sion analysis, a slope value was derived at -0.70 152. 
This means that viewing the change in volume in an 
implant as a linear function, each implant was reduced 
in volume an average of about 0.70%/day; in 100 days 
the volume would be 30% the original volume. Ac- 
tually, the average volume of the 10 implants removed 
at 104 to 109 days was 43 mm3 which is 34% of the 
original. None of the implants demonstrated a change 
in their histologic character. The distribution and ar- 
chitectural pattern of the collagen which characterizes 
the contracture band is sustained, even when the time 

Figure 10. Electron micrograph of occluded microvessel in band from 
implant of 107 days. Occluded lumen (I) surrounded by profiles from 
at least six endothelial cells (original magnification ~6700).  

Figure 9. Electron micrograph of active fibroblasts as evidenced by 
dilated rough endoplasmic reticulum (*) in band from implant of 44 
days (original magnification x6700). 

of implantation was 179 days. The reduction in size, 
therefore, may be a peripheral phenomenon. 

Table I1 shows glycosaminoglycans distribution 
data (as percentage of total) for zero-time tissues and 
two groups of implants: (i) 14-44 days and (ii) 66-179 
days. These data indicate that the older implants (66- 
179 days) contain significantly decreased amounts of 
chondroitin-4 sulfate compared with the original non- 
implanted tissue and to the younger implants. However, 
the difference between the older implants and normal 
bands was not significant. The hyaluronic acid of the 
implants increased relative to the time of implantation, 
but was significantly lower in all Dupuytren’s tissue 
implants when compared with normal tissue. Dermatan 
sulfate levels did not change significantly with time of 
implantation and was not significantly different from 
the control normal tissue at any time. 

Discussion 
Implants of Dupuytren’s contracture tissue into the 

athymic nude mouse do not exhibit histologic signs of 
rejection and the histologic character of the implant 
remains essentially unchanged even up to the longest 
time studied of 179 days. However, the size of the 
implants and the glycosaminoglycans distribution 
changes with time. The reduction in volume of the DC 
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implants is not unique to this lesion. A similar reduc- 
tion was found in the study of implants from hyper- 
trophic scar and keloid (1 2). In the case of hypertrophic 
scar, the implants were reduced to 50% of the original 
size by 115 days, whereas keloids were reduced to the 
same percentage by approximately 67 days. As the size 
of the DC implants (measured by volume) decreases 
with time without major changes in morphologic char- 
acter of the implant, the loss apparently affects only the 
periphery of the implants. The histologic studies used 
in this report involve largely the structure of mature 
collagen. Collagen on the periphery could be removed 
without affecting the structure of the center. This is in 
agreement with the observation that the implant dis- 
plays rounded corners and becomes ellipsoid in shape. 
In some cases a thin layer of the outermost collagen 
fibers of the implant also appears to reorient parallel to 
the long axis of the implant. Immediately covering the 
implant is the subcutaneous loose connective tissue of 

Table 1. Volume of Implants at Various Times after 
Implantation 

Average volume 
of measured Days after No. of No. of implants (length implantation mice implants” width 

thickness) mm3 

0 - 126.7 
14-27 4 8 114.0 
36-69 6’ 14 85.1 

104-1 09 4“ 10 43.1 
127-1 36 2 4 36.0 

179 1 2 7.3 
Regression analysis for volume x time of implants 
No. Slope Significance Intercept 
27 -0.70152 0.0141 126.7 

Slope = change in volume O/O per dav 

a Eleven of the implants were used for other procedures and not 
measured. 

Four mice received two implants each, two mice received three 
implants each. 
Two mice received two implants, two mice received three implants 

each. 

the mouse. This layer, along with the vascular growth 
from the mouse, which arborizes through the peripheral 
most layer of the implant constitute a kind of “capsule.” 

Microvascular anastomoses are established within 
approximately 2 weeks after implantation. The extent 
of the anastomosis is a function of the vascular condi- 
tion of the tissue prior to implantation since no micro- 
vessels are added or appear to be lost. Furthermore, the 
occluded microvessels present at zero time do not be- 
come patent in the implants. 

The distribution of glycosaminoglycans in Dupuy- 
tren’s contracture tissue is similar to those found in 
other conditions of proliferating connective tissue, i.e, 
active keloids, hypertrophic scars ( I 3), granulation tis- 
sue ( 14), and healing myocardial infarction ( 15). All of 
these conditions exhibit increased chondroitin 4-sulfate 
when compared with that of corresponding normal 
tissue. Our data confirm the report of Flint et al. (9) 
who reported increased chondroitin sulfate levels in 
Dupuytren’s tissue. The decrease of chondroitin 4- 
sulfate in the implants with time in this study is in 
contrast to the lack of changes in the morphologic 
character, although further studies using electron mi- 
croscopy may be useful. 

Similar decreases, but of a slower rate, in chon- 
droitin 4-sulfate have also been noted in our studies of 
hypertrophic scar and keloid implants into nude mice 
(1 1, 12). These changes in the glycosaminoglycans dis- 
tribution in implanted tissue may indicate a missing 
factor present in individuals with Dupuytren’s contrac- 
ture, or that the nude mouse still has some ability to 
reject foreign tissues. The increase of hyaluronic acid 
and decrease of chondroitin 4-sulfate suggest a return 
of the tissue toward resembling normal palmar fascia. 
However, the increase of dermatan sulfate, although 
not statistically significant, suggests conversion to ma- 
ture scar tissue. These changes make more difficult the 
use of the implants as a proposed model for evaluation 
of therapy. However, known procedures affecting the 
rate of change would be observed well within the time 
frame of maintenance of the implant. 

Dupuytren’s contracture is typically treated by sur- 

Table II. Average Clycosaminoglycans Distribution in Dupuytren’s Contracture Tissue before and after 
lmdantation 

o/o of total glycosaminoglycans 
No. of 

Dermatan Chondroitin-4 
sulfate sulfate 

Before implantation 6 22.4” ? 2.4’ 54.3 f 2.0 23.3” 5 2.7 
Implants 14-44 days 6 26.03” f 1.1 57.5 5 1.8 16.5” f 1.2 

Normal fascial bands 3 44.3 5 1.2 50.2 f 1.1 5.5 5 0.9 

samples Hyaluronic acid 

Implants 66-1 79 days 7 32.5a,C.d 5 1.5 59.5 f 2.5 8.OC.d 5 1.5 

a Significantly different from the normal fascial bands at the 1% level of significance. 
Values are mean * SEM. 
Significantly different from original Dupuytren’s tissue at the 1 Yo level of significance. 
Significantly different from the 14- to 44-day group at the 1 Yo level of significance. Student’s t test was used for the analysis of variance. 
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gical intervention; recurrence is apparently a significant 
problem. Hueston states recurrence is more likely if the 
local skin is left in place after fasciotomy (3). However, 
MacCallum and Hueston ( 16) state that perivascular 
proliferation may be centrally involved in initiating the 
lesion. By inference, this may be involved in recurrence. 
Because the lesion appears to retain its morphologic 
character as an implant, we believe it constitutes a 
model for studies of growth and maintenance of DC 
and for therapeutic modalities applied toward conserv- 
ative resolution. 
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