Lubahn et al.

occurred in either group, there were four reported he-
matomas in the closed-palm group which resulted in
prolonged wound healing in each case, and in one case,
full-thickness skin loss in the palm required subsequent
skin grafting. Consideration must also be given to the
possible influence of undetected hematoma and persis-
tent edema in potentiating postoperative scar formation
and thereby limiting ROM. The open-palm technique
may, therefore, be most applicable for patients with
extensive disease if leaving the palmar wound open
would avoid wound closure under tension and ensure
adequate blood supply to the wound margin. The open
wound also prevents hematoma formation in the palm
and immediately permits increased MP extension.

We thank Kenneth Schwartz and John Zack for their assis-
tance in preparation of the statistical analysis.

REFERENCES

1. McCash CR: The open palm technique in Dupuytren’s
contracture. Br J Plast Surg 17:271-80, 1964

The Journal of
HAND SURGERY

2. Beltran JE, Jimeno-Urban F, Yunta A: The open palm and

digit technique in the treatment of Dupuytren’s contrac-
ture. Hand 8:73-7, 1976

3. Noble J, Harrison DH: Open palm technique for Dupuy-

tren’s contracture. Hand 8:272-8, 1976

4. Salvi V: Personal experience with McCash’'s “‘open

palm™ technique for Dupuytren’s contracture. Hand
5:161-4, 1973

5. Zachariae L: Operation for Dupuytren’s contracture by the

method of McCash. Acta Orthop Scand 41:433-8, 1970

6. Skoog T: Dupuytren’s contracture: Pathogenesis and sur-

gical treatment. Surg Clin North Am 47:433-4, 1967

7. Chiu HF, McFarlane RM: Pathogenesis of Dupuytren’s

contracture: A correlative clinical-pathological study. J
HaND SURG 3:1-10, 1978

8. McIndoe SA, Beare RLB: The surgical management of

Dupuytren's contracture. Am J Surg 95:197-203, 1958

9. Dupuytren B: Permanent retraction of the fingers pro-

duced by an affection of the palmar fascia. Lancet 2:22,
1834

Microvascular changes in Dupuytren’s

contracture

Previous studies of certain fibrotic lesions (hypertrophic scar, keloid, pseudotendon) have re-
vealed pervasive microvascular occlusion. Lowered oxygen tension is considered to be a stimulus
to excessive collagen production and, hence, the scar. Because its characteristics are similar to
those of other lesions, Dupuytren’s contracture appeared to be a good model in which to confirm
the presence of occluded microvessels. Six cases were examined by light, electron, and polarizing
microscopy. Most of the microvessels from the precontracture band area throughout the periph-
ery of the body of the nodules were occluded by a bulging of the endothelial cells into the lumen.
The microvessels were surrounded by extensive layers of basal laminae. The nodules were essen-
tially avascular. The presence of another fibrotic lesion in which pervasive microvascular occlu-
sion occurs is suggestive of an underlying biologic principle concerning the generation of all

fibrotic lesions. (J HAND SURG 9A:58-62, 1984.)
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Dupu}'trﬂn 's contracture is a fibrotic dis-
ease of the palmodigital aponeurosis in man in which
the highly oriented collagenous matrix enlarges to form
nodules and laminated bands. The etiology of this
affliction is unknown, although several theories have
been suggested concerning its origin and numerous im-
portant observations made concerning its pathogene-
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Fig. 1. A typical microvessel, 3 um in diameter, from the peripheral vascular net about the body of
the nodules. The lumen is occluded, and there are extreme layers of basal laminae (L), endothelial
cells (E), and pericytes (P). (Magnification X 12,000.)

sis.! Racial-genetic factors, trauma, alcoholism, diabe-
tes mellitus, and arthritis, among others, have been
cited by Krebs® and reviewed by Hueston.® Although
not a recognized naturally occurring disease in animals,
a lesion typical of Dupuytren’s contracture was pro-
duced experimentally in monkeys by Larsen et al.? by
traumatic rupture of the fascial fibers. Support for a role
of mechanical factors in the pathogenesis of Dupuy-
tren’s contracture is derived from the observation of
Skoog® and confirmed by our experience in that the
disease selectively involves those collagen fiber groups
that are oriented longitudinally in the palmar aponeu-
rosis. The contiguous transverse fibers of the palm are
spared in this disease.

The contraction process in Dupuytren’s disease has
been related to the finding of myofibroblasts within the
nodules.®=® If this characteristic cell of repair and
granulation tissue causes both the contraction and in-
crease in collagen, it is not clear why it should be
present in the absence of an open wound.

It is interesting to note that Hueston' * and others
remarked about vascular disturbances as a possible fac-
tor in Dupuytren’s contracture and commented on the

need for studies of the vascular pattern of normal and
diseased palmar tissues. Hueston'® states, ‘‘It has cer-
tainly not been possible to verify the claim of Davis'!
[our reference] that there is an abnormality of the ul-
nar artery in every hand of Dupuytren’s contrac-
ture . . . . whateveris . . . found to be responsible for
the anatomical or physiological vascular abnormality
will then be the cause of Dupuytren’s contracture.’’
Nezelof'® cites hypervascularization of Dupuytren’s
lesion and identifies venous stasis as being present.
Previous studies of hypertrophic scars and ke-
loids'*~" and of wounds of deep injuries by Kischer®
have examined the role of microvascular occlusion (and
probable diffusion deficits) in the generation of these
lesions. These studies suggested a general hypothesis
relating the pathogenesis of fibrotic disease to mi-
crovascular occlusion and hence to hypoxia-stimulated
collagen excess. Therefore, we predicted we would
find occluded microvessels in Dupuytren’s contracture.

Method and materials

Fresh tissues from six patients with Dupuytren’s
contracture were obtained after surgery, pinned to a
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Fig. 2. Microvessel, 10 um in diameter, from preband (prenodular) area. Small, partially occluded
lumen, 4.5 pm in diameter, and multilayering of basal laminae (L), endothelial cells (E), and

pericytes (P). (Magnification x8000.)

tongue blade to maintain alignment and length, and
immediately placed in Karnovsky’s fixative. Of these
patients, one was an insulin-dependent diabetic, none
recounted a specific trauma to the palm although all had
at some time performed some degree of manual labor,
one had a long exposure to industrial solvents of several
kinds, and while all used alcoholic beverages, only one
was alcoholic and suffered from overt hepatic disease.
Two of the patients had combined flexion contracture
of the metacarpophalangeal and proximal interphalan-
geal joints of one or more fingers that exceeded 90°.
The remainder had contractures greater than 30° that
had evolved over periods of less than 2 years preopera-
tively. Total excision of the involved palmar aponeu-
rosis was carried out by means of sharp dissection with
thin regions of adjacent fatty tissue preserved with the
specimens.

Whole sections, both longitudinal and transverse, of
the nodule, proximal and distal areas, and prenodular
tissue were obtained by razor blade cuts. Adjacent
pieces were processed through paraffin for light mi-
croscopy study and for examination by electron mi-
croscopy. Light microscopy sections were stained with

hematoxylin-eosin, Masson’s trichrome and periodic
acid—Schiff (PAS). Tissues selected for studies by
transmission electron microscopy were dissected into
small pieces approximately 3 mm?®. After washing with
isotonic cacodylate buffer the tissues were postfixed for
1 hour in 1% OsO, with cacodylate buffer. After an-

other buffer wash, the tissues were dehydrated through
graded alcohols and embedded in Epon 812. Sections

were cut with a diamond knife, stained with uranyl
acetate, and examined in a Philips 300 electron micro-
scope. For the electron microscopy studies, care was
taken to include the perinodular microvascular net in-
cluding some fatty tissue.

Specimens were also studied by polarized light mi-
croscopy to confirm the orientation of the collagen fiber
systems in the pathological tissue.

Results

In all of the six cases, electron microscopy showed
most of the sections, from prenodular to perinodular
including proximal and distal portions, to have mi-
crovessels with occluded lumina and a tremendous in-
crease and excessive layering of the basal laminae
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Fig. 3. Set of microvessels from periphery of nodules. Two have occluded lumina and one has a
partially occluded lumen. All three have extensive basal laminae (— ). Paraffin section stained with

Masson’s trichrome method. (Magnification x500.)

(Figs. 1 and 2). The occlusion of the microvessels ap-
pears to be caused by an increase in the number of
endothelial cell profiles, usually up to four or five
(normal number is one or two), so that they bulge into
the lumen. All of the microvessels are surrounded by
pericytes, often several of them. The bulk of the mi-
crovessels are oriented parallel to the long axis of the
contracture band. The trichrome and PAS-stained sec-
tions demonstrate the occluded microvessels with the
increased amount of basal laminae (Fig. 3), but this
condition of the microvessels is not so easily recog-
nized by hematoxylin-eosin staining. In all six cases
most of the sections studied by transmission electron
microscopy contained myofibroblasts,

Polarized light microscopy of band tissue shows that
the predominant orientation of collagen fibers is in the
longitudinal axis of the band.

Discussion
Occluded microvessels are consistently present, not
only about the contracture bands and nodules but

around the prenodular areas as well. How far these
vessels are occluded proximal or distal to the bands

proper is unknown for we have made studies through
prenodular distances of only 5 to 10 mm.

The number of concentric basal lamina layers was
surprisingly large and was even more extensive than
that observed in cases of diabetes mellitus. Yodaiken'”
indicates that this thickening by layering of basal
laminae is related to hypoxia, which would be consis-
tent with our findings in hypertrophic scars and keloids
and would tend to support our contention that hypoxia
stimulates collagen production.'?

There is also some evidence that the basal laminae
may be regenerated by pericytes and that the number of
rings of basal laminae about the endothelium may be
correlated with the number of pericyte cell generations
occurring at that site.'® In the cases of Dupuytren’s
contracture reported herein, there are multiple layers of
pericytes. This feature is also seen in granulation tis-
sue'® and in some hypertrophic scars.'~'

Sobin et al." and Bernick et al.?® have described
microvessels with age-related changes of increased
periendothelial PAS staining. Although no electron
microscopy was done in these studies, it seems certain
this represents an increase in basal laminae. This con-
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dition has implications relative to diffusion capability
and hypoxia.

The myofibroblast is the principal cell in the patho-
genesis of the Dupuytren’s contracture band, but the
inductive and cellular origin of the myofibroblast is not
established. It is suggested that hypoxia, caused by
luminal occlusion from excessive numbers of endothe-
lial cells, will stimulate the pericyte to differentiate to a
myofibroblast. This sequence has been supported by an
extensive study of hypertrophic scars and keloids.'
This scheme suggests the origin of the lesions begins
with some stimulus, perhaps trauma, to endothelial
cells that increases their number, vascular branching,
and pericyte members. With a subsequent increase in
myofibroblasts and collagen, the pattern for fibrosis is
established.

The finding of a second fibrotic lesion with pervasive
microvascular occlusion, excessive pericytes, fibro-
blasts, and basal laminae may suggest a general
pathogenetic phenomenon for fibrotic disease. Such a
hypothesis is particularly attractive in the case of
Dupuytren’s contracture for it places the microvascular
phenomenon as a common pathway through which
trauma, diabetes (microangiopathy), hereditary varia-
tions in vascular pattern, and alcoholism (hepatic dis-
ease) may produce a similar fibrotic palmar lesion.

REFERENCES

1. Hueston JT, Tubiana R, editors: Dupuytren’s disease, ed
2. New York, 1974, Grune & Stratton, Inc

2. Krebs H: Erahrungen bei 350 operative behandelten
Dupuytrenschen kontrakturen. Langenbecks Arch Klin
Chir 338:67-80, 1975

3. Hueston JT: In Converse JM, editor: The hand and upper
extremity. Philadelphia, 1977, WB Saunders Co, vol 6,
pp 3403-27

4. Larsen RD, Takagishi N, Posch JL: The pathogenesis of
Dupuytren’s contracture. J Bone Joint Surg [Am]
42:993-1007, 1960

10.

12

12.

13.

14.

15.

16.

17.

18.

19.

The Journal of
HAND SURGERY

. Skoog T: The pathogenesis and etiology of Dupuytren’s

contracture. Plast Reconstr Surg 31:258-67, 1963
Hueston JT, Hurley JV, Whittingham S: The contracting

fibroblast as a clue to Dupuytren’s contracture. Hand
8:10-21, 1976

. Salamon A, Hamori M: Possible role of myofibroblasts

in the pathogenesis of Dupuytren’s contracture. Acta
Morphol Acad Sci Hung 28:71-82, 1980

. James WD, Odom RB: The role of the myofibroblast in

Dupuytren’s contracture. Arch Dermatol 116:807-11,
1980

. Vande Berg JS, Rudolph R, Gelberman R, Woodward

MR: Ultrastructural relationship of skin to nodule and
cord in Dupuytren’s contracture. Plast Reconstr Surg
69:835-44, 1982

Hueston JT: /n Hueston JT, Tubiana R, editors: Dupuy-
tren’s disease. New York, 1974, Grune & Stratton, Inc,
pp 29-36

Davis JE: On surgery of Dupuytren’s contracture. Plast
Reconstr Surg 36:277-314, 1965

Nezelof C: In Hueston JT, Tubiana R, editors: Dupuy-
tren’s disease. New York, 1974, Grune & Stratton, Inc,
pp 25-7

Kischer CW, Shetlar MR, Shetlar CL: Alteration of hy-
pertrophic scars induced by mechanical pressure. Arch
Dermatol 111:60-4, 1975

Kischer CW, Shetlar MR: Microvasculature in hy-
pertrophic scars and the effects of pressure. ] Trauma
19:757-64, 1979

Kischer CW, Theis C, Chvapil M: Perivascular myofi-
broblasts and microvascular occlusion in hypertrophic
scars and keloids. Hum Pathol 13:819-24, 1982
Kischer CW: Fine structure of granulation tissues from
deep injury. J Invest Dermatol 72:147-52, 1979
Yodaiken RE: The basal lamina (basement membrane) of
diabetic capillaries. Adv Microcirc 8:37-54, 1979
Vracko R: Basal lamina layering in diabetes mellitus.
Diabetes 23:94-104, 1974

Sobin SS, Lindal RG, Bernick W: The pulmonary arte-
riole. Microvasc Res 14:227-39, 1977

Bernick S, Sobin SS, Lindal RG: Changes in the mi-
crovasculature with age. Microvasc Res 16:215-23, 1978




