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Abstract

Background. Dupuytren’s disease (palmar fascial fibromatosis) affects primarily palmar and digital
fascia and results in progressive wrist deformity in many patients and often with bilateral involvement.
Absence of corresponding data on the patients with severe wrist deformities along with their treatment
issues is the ground for targeted research of pathomorphology of advanced disease stages. Purpose
of the study — to identify features of ultrastructure of fibromatosis nodules and bands in palmar
aponeurosis of patients with Dupuytren’s disease of grade I11-1V. Materials and Methods. The authors
analyzed medical cards and surgical material of 20 patients aging 42—-77 years. Segments from medial
portion of pretendinous cord of IV digit were cut for examination under scanning electron microscope
(JSM-840, Jeol, Japan). Results. Irrespective of disease history (from 1 to 20 years) fibrbous-fibrillar
network and fine cylindrical collagen fibers prevailed in nodules of pretendinous cord which formed
semicircular and circular end coils. Empty lacunae, functionally active fibroblasts and close cellular
pairs were observed in nodules. Bands differed from nodules by lesser cellularity and less content of fine
fibers, orientation of thick fibers mainly along one axis, straightening segments of undulated twisting
and separate twisted and tightly interwoven fiber fragments. Conclusion. In Dupuytren’s disease of
grade III-1V nodules maintain the role of active contractile centers. Despite relatively small cellularity
of pathologically altered tissues there is a potential for progressing, propagation and recurrence of
fibromatosis.
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Background

Dupuytren’s disease mainly affects pal-
mar and digital fascia and in many patients
results in progressing wrist deformity, often
with bilateral involvement [1].

Etiology of the disease has not been yet
disclosed, though it is generally agreed that
the cause for pathology lies in genetic pre-
disposition [2-4] usually combined with
external and internal risk factors: chronic
wrist lesions during manual work, alcohol
consumption and smoking [5] and vibration
[6]. Age and gender distribution of palmar
fascial fibromatosis is determined by ethnic
and geographical factors [7, 8], prevalence of
male patient is typical. Disease usually on-
sets in the age range of 40 to 60 years [9].
At early stages when derma hardening and
presence of fibromatous nodules is not ac-
companied by deficit of digits extension the
patients can be treated conservatively, how-
ever, the efficiency of such procedures remain
unproved [10].

Minimally invasive surgical procedures,
like needle aponeurotomy and contracture
enzyme injections are becoming popu-
lar [11], however their efficiency for long-
term and severe contractures is disputable
[12, 13] compared to open surgery. Thus
in Europe majority of patients undergo
aponeurotomy [14].

Metacarpophalangeal joint contracture
over 30° and interphalangeal joint contrac-
ture of any degree are the general indica-
tions for surgical treatment [15]. However
many patients are admitted for surgery al-
ready with severe wrist deformities [16] pos-
ing substantial difficulties for treatment and
rehabilitation.

Study of surgical material allowed to dis-
tinguish three histological stages of the
disease: proliferation stage — formation of
nodule due to hyperproliferation of fibro-
blasts, and differentiation of myofibroblasts
and deposits of collagen fibers of type I and
II; involution stage — myofibroblasts orien-
tation along strain lines; residual stage —

hyperproduction of collagen and decreased
cellularity due to myofibroblasts apoptosis
[17, 18]. Excess amount of type III collagen
is observed at early stages, while as the dis-
ease progresses the ratio of type III and type
I collagen declines [19]. Nodules were rarely
identified in patients with severe deformi-
ties [20] which contradicts clinical data on
high recurrence rate in grades III-IV of the
disease [16].

Ultrastructure of collagen fibers of pal-
mar aponeurosis in Dupuytren’s disease was
studied using the material from patients
with disease grade I-II or without indicate
disease grade [21-23]. Lack of respective data
on the patients with severe wrist deformities
as well as on the issues in treatment of such
pathology is the ground for targeted research
of pathological morphology of advanced dis-
ease stages.

Purpose of the study — to identify fea-
tures of three dimensional pattern of fibrous
structure and cells of palmar aponeurosis in
Dupuytren’s disease of grade III-1V.

Material and Methods

The authors analyzed medical cards and
tissue specimens — longitudinal bands of
pathologically changed palmar aponeurosis
of 20 patients (17 men and 2 women) aging
42-77 years suffering from Dupuytren’s dis-
ease of grade III-IV according to R. Tubiana
[24]. 17 patients had Dupuytren’s contrac-
ture of grade III and three patients had de-
formity of grade IV. Disease history was
reported from 1 to 20 years (1 year — 10%,
2 years — 20%, 4 years — 20%, 5 years — 20%,
7 years — 5 %, 8 years — 10%, 15 years — 10%,
20 years — 5%).

Segments from intermediate portion of
pretendinous cord of IV digit were cut for
examination under scanning electron micro-
scope (JSM-840, Jeol, Japan). Formalin fixed
tissue specimens were washed with distilled
water, dehydrated in alcohol of 70-96%,
soaked in camphene according to the origi-
nal method (Patent RU No. 2008150910/12)
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and air-dried. Dried specimens were fixed by
conductive adhesive to highly polished clean
aluminum discs, sprayed by silver in vacuum
evaporator JEE-4 X/5B (Jeol, Japan) and in ion
coater IB-6 (Eiko, Japan). Examination was
carried out on scanning electronic microscope
JSM-840 (Jeol, Japan). Classification of pat-
tern of cell surface was used to describe the
topography*.

Results

Tissue specimens of pathological palmar
aponeurosis demonstrated scarring of ten-
dinous structures with zones of fibromatosis
and small segments of adipose tissue (Fig. 1).

Nodules demonstrated thick network of
fine cylindrical collagen fibers (thickness

1mm 400mkm

less than 5 micron). Connection of fibers was
supported by the system of separate collagen
fibrils not engaged into the fibers. Thus fi-
brous scaffold could be described as collagen-
ous and fibrous-filbrillar, while the quantity
of thin fibers exceeded 50% of overall fibers.
Orientation of collagen fibers was varying in
different sections of nodules. As a rule fine
fibers did not feature particular orientation
and formed semicircular or circular end coils
(Fig. 2). There were some nodule sections
with uni- or multidirectional orientation of
flattened thick fibers. Shape and size of nod-
ule cells varied. There were cells of spheri-
cal, oval shape, flattened cells with relatively
even microrelief and solitary end blisters,

erythrocytes (Fig. 3).

Fig. 1. Pathological palmar
aponeurosis, x33 (a);
zones of fibromatosis
and adipose tissue, x110 (b)

Fig. 2. Section of nodule

in palmar aponeurosis,
Dupuytren’s disease,

x1000 (a);

fine fibers forming semicircular
and circular end coils,

x1600 (b)

* Atlas of scanning electronic microscopy of cells, tissues and organs / edited by O.V. Volkova,
V.A. Shakhlamov, A.A.Mironov. M. : Meditsina, 1987. — p. 464.
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The authors observed few large fibro-
blasts (d = 10-20 micron) of oval-oblong
shape, mixed type of microrelief consisting
of blisters and microvilli, peripheral mi-
crovilli which were engaged into providing
contact with intercellular substance. There
were many cells with destruction signs,
having abnormal shape and smaller size.
Empty lacunae as signs of cell loss were not
infrequent.

Bands were characterized by prevalence
of collagen fibers of 10-15 microns with few
fine fibers (Fig. 4). Cylindrical collagen fib-

Fig. 3. Cells in nodule of palmar aponeurosis, Dupuytren’s disease:
a — fibroblast, peripheral microvilli engaged into formation

of intercellular contact, x1600;

b — close cellular pair, x2700;

¢ — cell with even microrelief and solitary blisters, x1100;

d — erythrocytes, x1600

ers of undulated twisted shape were orient-
ed mainly along one axis, however, in some
segments the fibers had no specific orienta-
tion. Fibers connection was ensured by the
network of fine fibers. Fibers demonstrated
compact placement. Many segments dem-
onstrated straightening of twisted collagen
bundles. The authors observed also tightly
interwoven helical fibers and segments with
flattened thick undulated twisted collagen
fibers alternating with straightened fibers.
There were solitary cells in the bands unde-
tected over greater extension.

Fig. 4. Sections of palmar aponeurosis band, Dupuytren’s disease, x1100 (a); tightly interwoven helical
fibers, x1400 (b); cylindrical collagen fibers of undulated twisted shape, x1600 (c)
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Discussion

Normal palmar aponeurosis consists of
well organized, flattened thick collagen fib-
ers with longitudinal orientation (type I)
supported by thin network of fibrils which do
not merge with fibers [21]. Dupuytren’s con-
tracture is characterized by less content of
adipose tissue, segments of collagen disrup-
tion and increased number of fine fibers [23].
J.A.A. Hunter, C. Ogdon and L. Jézsa et al did
not observe variances in collagen scaffold of
nodules and bands in pathological aponeu-
rosis [21, 23] though such were identified at
ultrasound examination [26].

J.W. Legge et al reported that Dupuytren’s
disease features appearance of heli-
ces and shortening of twisted collagen
waves that are considered as the contrac-
tion mechanism [22]. H. Millesi believes
that the key specifics of collagen fibers in
Dupuytren’s disease is the loss of corrugated
structure [26].

The authors of the present study pre-
sent for the first time the results of scan-
ning electronic microscopy of pretendinous
cord of palmar aponeurosis in patients with
Dupuytren’s contracture of grades III-IV.
Pretendinous cord is result of transforma-
tion of the normal fascial pretendinous band
of palmar fascial complex [27].

Pathological pretendinous cord con-
tains nodules and tendon-like bands caus-
ing thickening, higher density and shorten-
ing of palmar aponeurosis and contracture
of metacarpophalangeal joint, which during
progression involves structures of digital fas-
cia causing contractures of interphalangeal
joints.

It was found that irrespective of disease
history (from 1 to 20 years) nodules of pre-
tendinout cord of all patients did not contain
mature collagen fibers, and fine cylindri-
cal and cylindrical collagen fibers prevailed
which formed semicircular and circular end
coils. Evidently coils may indicate the pro-
cess of fibrous scaffold contracture, and visu-
alization of fiber ends — dismaturity of scaf-

fold while fibers ends in normal situation are
visualized only at fetal stage [28].

Despite signs of cellular loss (empty lacu-
nae) the nodules features functionally active
fibroblasts and even close cell pairs. Bands
demonstrated less cellularity and less con-
tent of fine fibers, orientation of thick fibers
mainly along one axis, presence of straight-
ening segments of undulated twisting and
separate twisted and tightly interwoven fiber
fragments — possible rupture sites.

According to clinical and pathomorpho-
logical classification of H.F. Chiu and R.M.
McFarlane, the Dupuytren’s disease over 3
years corresponds to the advanced stage and
histologically manifested by low cellularity
and mature collagen fibers [29]. The authors
of the present paper in their study material
observed prevalence of fine collage fibers
with thickness less than 5 micron in all pa-
tients irrespective of disease history. Thus,
the present study material may be qualified
as fibrocellular type under classification of
J.J. Rombouts et al who consider recurrence
risk for such type as medium and prolifera-
tion risk as indefinite [30].

In patients at advanced stages of contrac-
ture the authors of the present study ob-
served cells with ultrastructural signs of en-
hanced biosynthetic and proliferous activity
despite decreased cellularity of nodules and
bands and signs of cell loss. Such cells can be
considered as disease container triggering its
vicious circle [31].

Due to the above the tactics of postpon-
ing surgical treatment until grades III-IV
of the disease is not justified not only from
standpoint of severe secondary changes in
neurovascular bundles, muscles, tendons
and joints [32], but also of persisting risk of
disease recurrence and proliferation.

Three dimensional pattern of fibrous
scaffold and cells of palmar aponeurosis in
Dupuyren’s disease of grades III-IV indi-
cates that fibromatous nodules keep the role
of active contractile centers. Despite trace
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amounts of cells in pathological tissues there
is a potential for progression, proliferation
and recurrence of fibromatosis, thus delay of
surgery until grades III-IV of the disease is
not justified.
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