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Pathomorphological Changes in Vater-Pacinian Corpuscles
in Palmar Fascial Fibromatosis Depending on the Dupuytren’s
Contracture Degree

Nathalia A. Shchudlo, Tatyana N. Varsegova, Tatyana A. Stupina

National Ilizarov Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russia

Background. World literature data indicate the involvement of Vater-Pacinian corpuscles in the pathogenesis of
palmar fascial fibromatosis, but the information about their pathomorphological changes and histomorphometric
characteristics is contradictory.

Purpose — a comparative analysis of qualitative and quantitative changes in Vater-Pacinian corpuscles in
patients with Dupuytren’s contracture of varying degrees.

Methods. The analysis of case histories and material resected during operations from 100 patients with
Dupuytren’s contracture, was made. The patients were divided into two groups: group 1 — those with degree
I-II contracture (n = 31), group 2 — those with degree III-IV (n = 69). Histomorphometry of 122 Vater-Pacinian
corpuscles, in which the cut plane passed through the central nucleus, was performed in paraffin and semi-thin
sections of the patients’ surgical material.

Results. At the time of the disease onset, the difference in age medians in the groups was not statistically
significant. The age median at the time of surgery (group 1 — 56.0 years; group 2 — 61.0 years, p = 0.001) and
the median of the disease duration (group 1 — 5.0 years; group 2 — 9.0 years, p = 0.006) were higher in group 2,
the variability in the disease duration was comparable. As it has been established, Vater-Pacinian corpuscles
undergo successive reactive-destructive changes in the form of death of the central axon, stratification of the
capsule, inflammation, fibrosis, deformation and destruction. The number of corpuscles is greater (p = 0.040)
in group 1 — 1 (0; 3) than in group 2 — 0 (0; 6). In group 2, the corpuscles have larger diameters (group 1 — 0.85
mm; group 2 — 0.96 mm, p = 0.072), more layers of the outer capsule (group 1 -17; group 2 — 20, p = 0.032).
Conclusions. In patients with Dupuytren’s contracture, along with compensatory and adaptive changes in Vater-
Pacinian corpuscles (hyperplasia and hypertrophy), their irreversible destructive changes develop, which, when
the disease progresses to grade 3-4, lead to a loss in the number of bodies.
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MatoMopdonoruueckue usmeHeHuns tenew, Martep-MaunHu
npu nagoHHoM dacunanbHoM pubpomaTose B 3aBUCUMOCTH
OT CTeneHu KOHTPaKTypbl JionouTpeHa

H.A. lynio, T.H. Bapcerosa, T.A. CtynnHa

QOIBY «HayuoHanvHblli MeAuyuHcKuli uccnedosamensckuil yeHmp mpasmamosnozuu u opmoneduu um. akao. I.A. Unuszaposa»
Munsdpasa Poccuu, 2. KypeaH, Poccus

Beedenue. [TaHHble MMPOBOI JMUTEPATYpbl CBUIETENbCTBYIOT O BOBJeueHuM Tesel] @Parep-IlauMHM B maToreHe3
nagoHHoro dacuuanbHOro hubpomarosa, HO cBeleHUsI 06 UX MATOMOPGOIOTMIECKUX M3MEHEeHUSIX U TucTomMopdome-
TPUYECKUX XapaKTEPUCTUKAX ITPOTUBOPEUNBEI.

Llens uccnedosanuss — CpaBHUTENIbHBIN aHAMN3 KaueCTBEHHbIX M KOIMYECTBEHHbIX M3MeHeHMit Tenen Parep-Ilaumuu y
MaleHTOB C KOHTPAaKTypoii [I10nonTpeHa pa3Hoii CTeleHN.

Mamepuan u memodsi. IIpoBelleH aHa/IMU3 UCTOpPUIL GOME3HM M pPe3eLMPOBAHHOTO BO BpeMs OIepaluii MaTepua-
jga ot 100 mauMeHTOB ¢ KOHTPaKTypoi [II0MoMUTpeHa, paclpeieeHHbIX Ha JBe TPYMIIbl: Tpynmna 1 — ¢ KOHTPaKTypoii
I-1I cT. (n = 31), rpynma 2 — II-1V cT. (n = 69). B mapadMHOBBIX U MOTYTOHKUX Cpe3ax ONepalMOHHOr0 MaTepuana
ManueHTOB NpoBeneHa rucromopdomerpus 122 tenen datep-IlaunMHy, B KOTOPBIX IIOCKOCTh Cpe3a Ipolia yepes
LIEHTPaJIbHOE ST PO.

Pesynsmamet. Ha MoMeHT Hauasa 3a6omeBaHMs pasanyye MeJuaH BO3pacTa B IPYIax CTAaTUCTUUEeCKM He3Hauumo. Me-
IaHa BO3pacTa Ha MOMEHT orepanuu (rpymma 1 — 56,0 jet; rpynmna 2 — 61,0 rox; p = 0,001) 1 MemuaHa JaBHOCTY 3a60-
neBanus (rpynmna 1 — 5,0 net; rpynmna 2 — 9,0 siet; p = 0,006) Gosbliie B rpyIiie 2, BApMaTMBHOCTb JaBHOCTM 3a601€BaHMS
corocTaBuMa. YCTaHOBJIEHO, UTO Tenblia @arep-IlaunMHy npeTepreBaloT MOC/Ie0BaTe/lbHble peakTUBHO-eCTPYKTYBHbIE
M3MeHeHUs B Bujie rubesiu LieHTPaIbHOrO aKCOHA, PACC/IOeHMST KallCyibl, BocnaneHusi, Gubpo3sa, sedopmManyy u 1ecTpyk-
uun. Konmuectso Ttesner; 6ombite (p = 0,040) B rpynme 1 — 1 (0; 3), uem B rpymiie 2 — 0 (0; 6). B rpyrme 2 Tejnblia MMEIOT
6ombive nuamMeTpsl (rpyrmra 1 — 0,85 mm; rpyrma 2 — 0,96 mm; p = 0,072) v 60/1bI1IEE KOJIMUECTBO CJIOEB HAPYSKHO KaTICYITbl
(rpynna 1 — 17; rpynna 2 — 20; p = 0,032).

3akntouenue. Y IAIMEHTOB C KOHTPaKTypoit Ji0MoUTpeHa HapsiLy ¢ KOMIIEHCAaTOPHO-TIPUCIIOCOOUTEIbHBIMM M3MEHEeHMSI-
MM Tesiell (TUITepIIasus U rureptTpodust) pa3BUBAIOTCS MX HEOOpaTUMbIe TeCTPYKTVBHbBIE M3MEHEHMSI, KOTOPbIE MPU Mpo-
rpeccupoBanuy 3a6oneBanus o [11-IV CT. MpUBOJAT K MTOTEPE UMCIEHHOCTU TeJIEll,.

KiroueBbie ¢JIoBa: KOHTpakTypa JiononTpeHa, Tenbiia @arep-Ilaunmum, mopdosnorus, mophomeTpus.
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BACKGROUND

Palmar fascial fibromatosis is a connective tissue
disease [1, 2]. It is characterized by a predominant
lesion of the palmar aponeurosis in the projection
of rays IV-V of the hand, starting with the emer-
gence of nodules and strands [3, 4], which even-
tually cause limited extension of the fingers and
subsequent flexion deformity of the hand [5, 6, 7].
Mikusev recognized the polyetiological nature
of the disease due to the interaction of exogenous
and endogenous factors [8, 9, 10] and suggested
that microcirculation disorders in Vater-Pacinian
corpuscles are the primary link in its pathogen-
esis [11]. Vater-Pacinian corpuscles are sensitive
receptors for vibration and deep pressure, impor-
tant for proprioception, and located in all parts
of the human body, but are most numerous on
the hand [12, 13, 14]. The ulnar edge of the hand
of healthy people contains the largest counts of
Vater-Pacinian corpuscles, which are character-
ized by a major variability in size; the largest cor-
puscles (up to 5 mm in diameter) are localized in
the superficial layers of the aponeurosis, where
the capillaries form a denser network. Already
at the initial stages of Dupuytren’s contracture,
deformity and degenerative-dystrophic changes
in Vater-Pacinian corpuscles can be detected,
and in the most severe cases, contractures of the
Vater-Pacinian corpuscles are absent [11].
Subsequent studies have increased the uncer-
tainty of ideas about the morphological character-
istics of the Vater-Pacinian corpuscles in healthy
people and in patients with Dupuytren’s contrac-
ture. Data on the size of the Vater-Pacinian cor-
puscles in the fingers of healthy people are con-
tradictory. Thus, according some authors, they
had a length of 1.5 mm and widths of 0.78 mm
[15], 1.0-2.5 mm, and 0.2-0.5 mm [16], and the
sizes varied from 2x1 to 5x5 mm [17]. According
to other authors, the diameters of the corpuscles
varied from 1.0 to 5.0 mm [14] and from 0.8 to 2.2
mm (average transverse diameter of 1.40+0.23
mm) [18]. Jézsa et al. described hypertrophy of
Vater-Pacinian corpuscles and an increase in
collagen deposits around them in Dupuytren’s
contracture [19]. Akyurek et al. and Yenidunya et
al., in isolated clinical cases of Dupuytren’s con-
tracture, revealed hyperplasia of corpuscles, i.e.,
the formation of corpuscle clusters with size that
did not differ from normal ones [20, 21]. Campe
et al. examined the histological correlates of the

pain form of Dupuytren’s contracture in samples
from 10 patients and revealed enlarged Vater-
Pacinian corpuscles in only one patient [22].
Ehrmantant et al. compared the counts of the
Vater-Pacinian corpuscles in five patients with
Dupuytren’s contracture and in 17 healthy in-
dividuals and revealed that in Dupuytren’s con-
tracture, Vater-Pacinian corpuscles are more nu-
merous than normal, have larger sizes due to an
increase in the number of layers, and have more
intense reaction with nerve growth factor [15].

Qualitative and quantitative immunohisto-
chemical studies of the topography and density
of nerve structures (using antibodies to the S100
protein and tubulin) of normal palmar aponeuro-
sis and in patients with Dupuytren’s contracture
also demonstrated a higher density of free nerve
endings in pathological samples, which indicates
the involvement of nerve structures in enhanced
fibrosis in this pathology [23].

Contradictory data on the histomorphomet-
ric characteristics of Vater-Pacinian corpus-
cles under normal conditions, direction of their
changes in Dupuytren’s contracture, and opin-
ions of the authors concerning the key role of
Vater-Pacinian corpuscles in the pathogenesis of
fascial fibromatosis indicate the need for further
relevant studies of these structures using more
clinical materials.

The study aimed to perform a comparative
analysis of qualitative and quantitative changes
in the Vater-Pacinian corpuscles in patients with
Dupuytren’s contracture of various grades.

METHODS

An analysis was made of case histories and mate-
rial resected during surgeries from 100 patients
with Dupuytren’s contracture, operated on in the
period from 2015 to 2020. The age of patients
varied from 22 to 70 years.

The inclusion criteria were Dupuytren’s con-
tracture, histologically confirmed palmar fascial
fibromatosis. The exclusion criteria were con-
comitant injuries and a history of hand injuries
in patients with Dupuytren’s contracture.

Two comparison groups were distinguished,
namely, patients with disease grades I-II (n=31)
and disease grades III-IV (n=69).

The criteria for comparison were the recentness
of palmar fascial fibromatosis (from the moment
of the emergence of areas of the palm skin com-
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paction), age at disease onset, age at the time of
surgery, grade of Dupuytren’s contracture accord-
ing to the Tubiana classification [24], counts of the
Vater-Pacinian corpuscles in the surgical material,
and their histomorphometric characteristics.
Fragments of the pathologically altered palmar
aponeurosis with adjacent areas of subcutane-
ous adipose tissue and superficial fascia, resected
during partial fasciectomy surgeries, were fixed
in 4% formalin and embedded in paraffin blocks
according to the standard method. Longitudinal
and transverse sections (5-7 um) were obtained
on a microtome (Reichert Technologies, Buffalo,
NY, USA) and stained with hematoxylin and eo-
sin and Masson’s three-color method. A part of
the material was fixed in a mixture of solutions of
glutaric aldehyde and paraformaldehyde and then
in a solution of osmium (VIII) oxide, poured into
araldite. Semi-thin sections were obtained on a
Nova ultramicrotome (LKB, Sweden), and stained
with methylene blue and basic fuchsin. Images
of micropreparations for morphometric stud-
ies were obtained using an AxioScope.Al micro-
scope and an AxioCam digital camera (Carl Zeiss
Microlmaging GmbH, Germany). In the program
“VideoTesT Master-Morphology, 4.0” (Russia), a
histomorphometric study of 122 Vater-Pacinian
corpuscles was performed, in which the cut plane
passed through the central nucleus. Their average
diameter, average number of layers of the outer
capsule, and shape factor were determined.

Statistical analysis

Quantitative data were processed in Microsoft
Excel using the Attestat program (version 9.3.1).
The nonparametric Wilcoxon test (significance

level p<0.05) was used to calculate significant dif-
ferences, since the distribution of data in some
samples differed from normal. Tabular data were
presented as medians (Me) and quartiles (Q1; Q3).

RESULTS

An analysis of the main clinical and demographic
characteristics of the comparison groups present-
ed that at disease onset, the groups were com-
parable in age, and the difference in median age
was not significant (Table 1). The median age at
the time of surgery and the median disease dura-
tion were greater in group 2 than in group 1 by 5
(p=0.001) and 4 (p=0.006) years, respectively,but the
variability in the disease duration was comparable.

A morphological study of the fragments of
the palmar aponeurosis resected during a partial
fasciectomy revealed the presence of encapsu-
lated nerve endings of complex structure (Vater-
Pacinian corpuscles) in many samples.

Patients with Dupuytren’s contracture rarely
have Vater-Pacinian corpuscles of normal struc-
ture. In group 1, there are clusters of corpuscles
surrounded by a common perineurium, which in-
clude corpuscles with varying degrees of severity
of perineuritis (Fig. 1).

Pronounced reactive-destructive changes are
detected not only in the corpuscles but also in the
nerves and arteries located in their immediate vi-
cinity. In nerve stems, perineuritis naturally ac-
companies axonal and Wallerian degeneration of
myelinated nerve fibers (Fig. 2 a). In most blood
vessels (arterioles and capillaries), obliteration of
the lumen, wall thickening, and necrobiotic chang-
es in the cellular elements of the vascular walls are
noted (Fig. 2 b).

Table 1

Main clinical and demographic characteristics
of the studied groups of patients, Me (Q1; Q3)

Group 1 Group 2
Parameter (grade I-II contracture) (grade III-1V Wilcoxon’s test
n=31 contracture) n = 69

. 32-68 22-70
Age at disease onset, years 49.0 (45.5; 54.0) 53.5 (47.0; 59.0) 0.079
Age at the time of surgery, 39-71 37-77 0.001*
years 56.0 (51.0; 58.0) 61.0 (56.0; 67.0) :

. . 1-30 0.5-30 *

Disease duration, years 5.0 (2.0; 9.5) 9.0 (5.0; 15.0) 0.006

* Intergroup differences are significant.
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Fig. 1. Vater-Pacinian corpuscles in paraffin sections of the palmar aponeurosis of patients with grade II
Dupuytren’s contracture. Cluster of two corpuscles with uneven corrugation of layers of perineural cells and
with uneven distances between layers. Stained with hematoxylin and eosin. Mag.: a — x50; b — x400

Table 2

Histomorphometric characteristics of the Vater-Pacinian corpuscles of the palmar
aponeurosis in patients with Dupuytren’s contracture, Me (Q1; Q3)

Parameter Group 1 Group 2 p
(grade I-II contracture) n =53 (grade III-IV contracture) n = 69 Wilcoxon’s test

Number of 0-5 0-6
corpuscles 1(0;3) 0(0; 6) 0.040
Corpuscle 0.05-2.29 0.32-1.76 0.072
diameter, mm 0.85 (0.54; 0.97) 0.96 (0.63; 1.29) ’
Number of outer 9-29 10-38 0.032*
capsule layers 17 (14; 21) 20 (16; 26) :
Corpuscle shape 0.590-0.980 0.370-0.990 0.016*
factor 0.820 (0.770; 0.920) 0.800 (0.680; 0.870) )

* Intergroup differences are significant.

Moreover, a cascade of successive reactive-
destructive changes can be detected in Vater-
Pacinian corpuscles. Thus, at first the corpuscle,
the central part becomes empty because of the
destruction of the nerve terminal (Fig. 2 ¢, d). The
circular regularity of the lamellar layers of the in-
ner nucleus and outer capsule begins to deterio-
rate, pronounced waviness appears, and corpus-
cle contours start to deform (Fig. 2 c, d).

Further, local discontinuities in the individual
layers of the outer capsule are noted, but the la-
mellar structure of the outer capsule and inner
nucleus remains intact, and the nuclei of the
cells forming lamellae are clearly visible. In sites
with impaired integrity of the layers of the outer
capsule in the interlamellar spaces, macrophages
migrating into the corpuscles and penetrating

to the inner nucleus are detected (Fig. 3 a). They
have a very dark, often vacuolated cytoplasm, and
some become racket-shaped. The outer capsule is
delaminated, and the layers become looser.
Subsequently, the signs of the inflamma-
tory reaction intensify; capillaries grow into
Vater-Pacinian corpuscles up to the inner bulb.
Fibroblast-like cells of the outer capsule start ac-
tive production of collagen in the interlamellar
spaces (Fig. 3 b), the corpuscles become fibrotic
(Fig. 3 b, c), their contours begin to deform and
wrinkled (Fig. 3 c), some of them acquire a tortu-
ous shape, and finally, they are destroyed (Fig. 3 d).
Histomorphometric studies of the Vater-
Pacinian corpuscles of the palmar aponeurosis of
patients with Dupuytren’s contracture revealed
that the counts of corpuscles in the group with
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Fig. 2. Nerves (a), blood vessels (b) and Vater-Pacinian corpuscles (c, d) in semi-thin sections of the palmar
aponeurosis of patients with grade III Dupuytren’s contracture. Stained with methylene blue and basic
fuchsin. Mag.: a, ¢ — x400; b, d — x1000

disease grades I-1I were higher (p=0.040) than that
of patients with grades III-IV (Table 2). The shift
in the dimensional characteristics toward larger
diameters in group 2 is expressed at the tendency
level (p=0.072). In group 2, the corpuscles have nu-
merous outer capsule layers (p=0.032) and lower
values of the shape factor (0.016), which indicates
greater fibrosis and deformation.

DISCUSSION

In patients with Dupuytren’s contracture, the
Vater-Pacinian corpuscles in palmar aponeu-
rosis undergo successive reactive and destruc-
tive changes in the form of central axon death,
capsular delamination, inflammation, fibrosis,
deformation, wrinkling and, ultimately, necro-
biosis, which confirms the results of Mikusev
who revealed their degenerative and dystrophic
changes and subsequent disappearance in this

pathology [11]. The reactive and destructive
changes in Vater-Pacinian corpuscles are appar-
ently caused by not only microcirculatory disor-
ders [11, 25] but also denervation due to patho-
morphological changes in nerves [26, 27]. Similar
changes in Vater-Pacinian corpuscles were reg-
istered in an experimental model of rat sciatic
nerve transaction, where within a week after the
nerve transection, axon terminals are destroyed,
and after 8 weeks, the lamellae of perineural cells
became wavy, their circularity was disturbed, and
over time, the production of collagen fibrils in-
creased [28].

The discovery of a clustered arrangement of
corpuscles in the analyzed materials is consistent
with literature data on Vater-Pacinian corpuscle
hyperplasia, which can occur in various diseases,
including Dupuytren’s contracture. The patho-
genesis of hyperplasia has not been elucidated,
but hand trauma is thought to be a potential un-
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Fig. 3. Vater-Pacinian corpuscles in paraffin sections of the palmar aponeurosis of patients with grade
I Dupuytren’s contracture (a, b), grade III (c) and grade III-1V (d): a — macrophages in the interlamellar
spaces of the outer capsule;
b, ¢ — fibrosis and deformation of the contours; d — destruction of the corpuscles.
Stained with hematoxylin and eosin (a, ¢, d), Masson’s trichromic method (b).
Mag.: a — x400; b, d — x40; ¢ — x100

derlying cause [29]. Apparently, the hyperplasia of
Vater-Pacinian corpuscles compensates to some
extent for their dysfunctions, destruction, and de-
crease in counts. In our study of the surgical ma-
terial of patients with Dupuytren’s contracture,
clusters of corpuscles were detected already at the
initial disease stages; however, in patients with
grade III-IV contracture, the counts of corpuscles
was significantly less than in grades I-II.

The tendency identified toward an increase in
the diameter of the corpuscles and a significant
increase in the number of outer capsule layers
in patients with Dupuytren’s contracture grades
[II-IV compared with those with grades I-II is
consistent with the findings of Ehrmantant et
al. who revealed an increase in similar param-
eters in patients with Dupuytren’s contracture

compared with healthy individuals [15]. These
changes can also be classified as compensatory-
adaptive, as an increase in the number of layers
of perineural cells increases the barrier proper-
ties of the perineurium [30]. On the contrary, ac-
cording to Ehrmantant et al., excess cell growth
of the fibrous capsules of Vater-Pacinian corpus-
cles generates cells that develop into fibroma-
tous nodules [15]. This concept is indirectly con-
firmed by the fact that clusters of Vater-Pacinian
corpuscles are localized at the level of the meta-
carpophalangeal joints in the same place where
fibromatous nodules are most often formed [14].
However, in our study, the registered increase
in the number of outer capsule layers of Vater-
Pacinian corpuscles can be considered moderate,
since the number of layers is normally 13-15, and
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with their hypertrophy in an elderly patient who
has worked as a mechanic for many years, it is
35-60 [31].

Our study also established that the pro-
gression of Dupuytren’s contracture to grades
I[II-IV accompanied by a significant decrease in
the shape factor of Vater-Pacinian corpuscles
and complete destruction. These data are con-
sistent with the results of sensitivity studies in
patients. According to Engstrand et al., in pa-
tients with Dupuytren’s contracture with exten-
sion deficiency of 60, the normal level of sensi-
tivity before surgery was registered only in 28%
of cases, tactile sensitivity disorders were noted
in 66%, and those of protective sensitivity were
revealed in 6% [32].

CONCLUSIONS

For the first time, a study of qualitative and quan-
titative changes in Vater-Pacinian corpuscles in
patients with Dupuytren’s contracture was per-
formed on a large clinical material, depending
on the disease grade. Along with compensatory-
adaptive changes (hyperplasia and hypertrophy
of corpuscles), their reactive and destructive
changes occur, which, with the disease progres-
sion to grades III-1V, lead to the irreversible loss
of corpuscle counts. The new data obtained erad-
icate the contradictions in the global literature
about the direction of changes in lamellated cor-
puscles and represent the actual confirmation of
the role of these changes in the pathogenesis of
palmar fascial fibromatosis.
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