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The morphology of the mediopatellar plica of the knee joint in
patients with knee pain syndrome is of significant importance,
as age-related changes of the plica, its hypertrophy, and trauma
may increase the risk of damage to the articular cartilage of the
femur and lead to chronic pain. The aim. To study the histologi-
cal features of the mediopatellar plica of the knee joint in pa-
tients with pain syndrome and to identify factors influencing its
morphology. Methods. A histological study of 12 mediopatellar
plicae harvested from patients aged (42,3 + 9,8) years (10 men
and 2 women) was performed. The relative density of blood ves-
sels, fibrous tissue, and adipose tissue within the plicae was as-
sessed. The association between plica morphology and factors
contributing to pain syndrome was analyzed. Results. Histologi-
cal study demonstrated that the mediopatellar plica is composed
of fibrous connective tissue, vascularized, with severe fibrosis
with signs of hyalinosis observed in 41,6 % of cases. A morpho-
logical difference was identified between the paracapsular and
marginal zones of the plica. The marginal zone lacked adipose
tissue and consisted predominantly of dense connective tissue.
Age and hyalinosis were found to be significant determinants
of plica morphology, whereas trauma, type of occupation, and
sex were not significant predictors of morphological changes in
the mediopatellar plica. Conclusions. Dense connective tissue
with features of fibrosis is more characteristic of the marginal
zone of the plica, while the presence of adipose tissue beneath
the synovial membrane distinguishes the paracapsular zone.
Plica thickness significantly increases in the presence of hyali-
nosis, however, the relationship between plica morphology and
clinical factors requires further investigation.

Iumanns mopghonoeii medionamensipnoi cKk1aOKU KOIIHHO2O
cyenoba 6 nayienmis i3 60abOSUM CUHOPOMOM Yi€l ToKani3a-
yii ascause, OCKiIbKU 6IKOGI 3MIHU CKIAOKU, il 2inepmpodhis
i Mpasmyeans Maioms pUsUK YWKOOHCEHH CYeNl0008020 XpAUd
cmezno80I Kicmku ma xponiunoeo 6onio. Mema. lociioumu 2ic-
Mmono2ciuni 0coOAUBOCMI Medionamensphoi CKAAOKU KOMIHHO20
cyz2n06a y Xeopux i3 0016068UM CUHOPOMOM i YUHHUKU, AKI GNIU-
saioms Ha ii moponozito. Memoou. Ilpogedeno cicmonoziune
docaidoicenns 12 medionamenapHux cKiAa0oK nayienmie ikom
(42,3 + 9,8) pokis, 10 uonosixie ma 2 xcinxu. Ilpoananizoearo
numomy wineHicme cyouwn, @ibposnoi i dcupogoi mraunuu
¥y ckaaokax. [ocniodceno 36’30k mopgonocii cknaoku 3 @ax-
mopamu UHUKHeHHs. 6016068020 cunopomy. Pezynemamu. 3a
00NOMO2010 2ICMONO2IUHO20 OOCTIONCEHHS BUSBILEHO, U0 MeOi-
onamenapna cK1a0Ka cHOopMo8aHa 60I0KHUCIOIO CROIYUHOIO
mranunolo, eackyusapusoeana 6 41,6 % eunaokax iz eupasice-
HuM Qibpo3zom i o3nakamu 2ianinosy. Bemanoeneno eiominnicme
MOPDON02IT CKAAOKU MIdKC NAPAKANCYAAPHOIO MA KPAUOE0I0 30-
Hot, de ocmanusa no3b6asnena JHCupogoi MKAHUHU i MICMumo
30e0inbuL020 nuULe WinbHy cnoayyHy mranuny. /logedeno, ujo ik
i eianino3 € 0OCMOBIPHUMY YUHHUKAMU, AKI 8USHAYAIOMb MOD-
¢honoeziro cknaoxu, mooi Ak mpasma, mun pobomu ma cmams He
oyau 0ocmosipuumu npeduxmopamu ii smin. Bucnoexu. [linvna
CNOTYYHA MKAHUHA 3 O3HAKAMU PIOPO3Y OinbuL XapakmepHa 0/is
Kpatiogoi 301U CKAAOKU, MOOI K BIOMIHHICIMIO NAPAKANCYAAPHOT
€ JICUPOBA MKAHUHA NIO CUHOGIANbHOI MemOpanoio. Toswuna
CKAAOKU OOCMOBIPHO 3pocmac uepe3  2lanino3, ane 3anedic-
Hicmb MOpponoii ckaadku 8i0 KIAIHIYHUX (hakmopie nompeodye
nodanvwux oocniodxcenv. Kniouosi cnosa. Medionamensapua
CKNIaOKa, KOMHHUL CYenod, XpoHiunuil 0inb, namoeicmonoziune
00CHI0NHCEHHS.
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Introduction

Chronic knee pain is one of the leading causes
of long-term disability and reduced physical activity
across different age groups. Despite significant ad-
vances in arthroscopy and in the treatment of chronic
knee pain, the pathogenetic mechanisms underlying
pain in a substantial proportion of patients remain in-
completely understood [1, 2].

A special role in pain generation has been attrib-
uted to synovial plicae of the knee joint, primarily
the medial patellar plica (MPP) and the suprapatellar
plica (SPP) [3, 4]. For a long time, these anatomical
structures were regarded as embryonic remnants with
minimal clinical significance. However, modern ar-
throscopic techniques have demonstrated that patho-
logically altered synovial plicac may represent an in-
dependent source of chronic pain due to mechanical
contact and damage to the articular cartilage [5]. At
the same time, existing evidence regarding the rela-
tionship between morphological alterations of the pli-
cae and clinical manifestations remains contradic-
tory, indicating that current understanding of their
pathophysiological role is still incomplete [6].

A review of the literature shows that most stud-
ies focus on anatomical variants of synovial plicae,
their impingement against the medial femoral con-
dyle, arthroscopic assessment, and surgical resection.
In contrast, pathological and histomorphological fea-
tures have been investigated only in isolated reports
and are predominantly descriptive in nature [7-9].
The topography and degree of fibrotic and age-related
changes, as well as alterations associated with knee
injuries and varying levels of physical activity, in-
cluding occupational load and intensity of work, re-
main insufficiently studied.

Previous research [10] suggested that knee pain is
mainly associated with changes in the medial patel-
lar plica, whereas the suprapatellar plica plays a sec-
ondary role. In contrast, the infrapatellar and lateral
plicae were traditionally not regarded as potential
pain generators. However, the mechanism of pain
development remains unclear, and therefore research
into the relationship between morphological changes
of the medial patellar plica and factors contributing to
knee pain continues.

Aim: to investigate the histological features
of the medial patellar plica in patients with knee pain
syndrome and the factors influencing its morphology.

Materials and Methods

The study was approved by the bioethics com-
mittee (protocol No. 3 dated 20.04.2026) of the State
Institution “National Institute of Traumatology and

Orthopaedics of the National Academy of Medical
Sciences of Ukraine” in accordance with the ICH
GCP guidelines, the Declaration of Helsinki, and
the current legislation of Ukraine. All participants
were informed about the study design and conditions
and provided written informed consent.

Twelve specimens of the medial patellar plica
obtained during arthroscopic surgery from patients
with chronic knee pain syndrome were analyzed.
The mean age of the patients was (42.3 + 9.8) years;
the cohort included 10 men and 2 women. A history
of occupational or sports-related knee trauma was
reported in 9 patients. The specimens were fixed in
10% formalin, embedded in paraffin, and stained
with hematoxylin and eosin, Picrosirius red (PSR),
and Weigert’s hematoxylin. Histological evaluation
was performed using an Olympus BX51 light micro-
scope, and images were captured using an Olympus
C3040Z00M digital camera with Olympus DP-
Soft 3.2 software.

For quantitative assessment of tissue components
within the plica samples, entire sections of each spec-
imen were photographed. Using ImageJ 1.46 image
analysis software, masks were generated for four his-
tologically distinct regions: (1) areas dominated by fi-
brosis (dense collagen bundles, hypo- or acellular re-
gions), including hyalinized zones (acellular, weakly
stained areas); (2) areas with bundles of oxyphilic
collagen fibers of varying thickness resembling rel-
atively intact connective tissue; (3) areas containing
newly formed thin-walled blood vessels (angiogene-
sis); and (4) clusters of adipocytes. The area of each
region was measured in pixels, and its relative pro-
portion within the total specimen area was calculated
as a percentage, representing tissue density (%).

Statistical analysis was performed using StatPlus
software (version 7.0). Data are presented as me-
dian with lower and upper quartiles (Me [Q1; Q3]).
The normality of distribution was assessed using
the Shapiro—Wilk test. Differences between plica
regions were evaluated using the Mann—Whitney U
test. Associations between structural components
of the plica were examined using non-paramet-
ric Spearman correlation analysis. The influence
of factors such as sex, age, occupational type, and
history of knee trauma on plica structure was ana-
lyzed using linear, logistic, or binomial regression
models. A p-value < 0.05 was considered statistically
significant.

Results

According to histological analysis, the structural
elements of the MPP (thickness 2.7 [1.7; 2.9] mm)
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were heterogeneous and demonstrated marked mor-  tive tissue and neovascularization, along with local
phological variability. The plica consisted of a fibrous  inflammatory infiltration. Within the fibrous core,
core with dense, wavy bundles of collagen fibers, nearly acellular areas with a high density of collagen
while its surface was covered by synovial cells. bundles or homo es resem-

Two distinct regions were identified: marginal . es with
(facing the joint cavity) and paracapsular. The mar- 1.6 %), plica thick-
ginal region demonstrated greater variability than ness was sig 1.67; SE = 0.62;
the paracapsular region. In some areas, synovial cells p = 0.02). such as trauma
formed a thin lining, whereas in others hyperplasia re not signifi-
and signs of productive inflammation were observed of the observed structural changes in
(Figs. 1, 2).

In specimens showing signs of ligamentous injury i i elative density of tissue
(presumably trauma-related), active regeneration was i erformed. Four main
observed, characterized by newly formed connec- ti i ified: vascular structures;
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Fig. 1. Schematic representation of the stru ements of the MPP based on a histological micropreparation: yellow — adipose
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Fig. 2. Medial patellar plica of the synovial membrane of the knee joint: 1 — area of fibrosis; 2 — synovial membrane; 3 — area
of fibrosis with signs of hyalinization. Staining: H&E. Magnification x40.
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adipose tissue foci; connective tissue of varying den-
sity without fibrotic features or with dense collagen
bundles; and poorly cellular or acellular homoge-
neous fibrotic tissue with features of hyalinization
(Table 2). Overall, connective tissue accounted for
approximately 91.4 (80.9; 95.1)% of the examined
samples.

Despite pronounced morphological variability,
a common finding was the difference between mar-
ginal and paracapsular regions in the proportion
of fibrous connective tissue. The marginal region
contained approximately 1.7 times more fibrous tis-
sue (p < 0.001), whereas adipose tissue was observed
mainly in the paracapsular region, which is explained
by its anatomical continuity with the joint capsule.

The relative density of non-altered connective tissue
and vascular elements.did not differ between the two
regions. The morphological variability of both zones
is likely driven by local tissue distribution patterns, as
confirmed by correlation analysis (Table 3). A strong
positive Spearman correlation was identified between
vascular density in the plica and its thickness.

The potential association between MPP morphol-
ogy and clinical parameters (age, sex, trauma history,
and occupational type) was also evaluated. Spearman
analysis demonstrated a correlation between vascular
density and age (rho = 0.57; p = 0.05), which was fur-
ther supported by linear regression analysis (p = 0.12;
p = 0.03) (Table 4). A significant association was also

Table 1
Association of fibrotic changes in the MPP with patients’ social factors
using a binary logistic regression model
Variables in the regression model Regression coefficient
independent dependent B SE p-value
) o Injury (yes/no) -0.47 1.40 0.74
Fibrosis with signs Male sex 1224 876.10 0.99
of hyalinization
Type of work (heavy/light) 1.32 1.24 0.29
Table 2
Results of the analysis of differences in the distribution of tissue components
between the paracapsular and marginal zones of the MPP of the knee joint
Plica zone Tissue components in the plica, %
connective tissue vascular adipose tissue
signs of fibrosis and hyalinization without signs of fibrosis
Entire plica 56.4 32.6 4.29 0[0;8.6] ;
P (37.3;64.2) (24.5:42.2) (2.95;5.22) 11.8(6.3;20.8)*
Par lar zon 373 36.4 42 12.2
aracapsular zone (22.4:46.8) (27.9:43.8) (3.3:5.0) (3.1:37.8)
Marginal zone 62.7 31.8 43 0.0
& (51.0;72.6) (23.1;37.2) (2.7:5.6) (0;0.29)
Mann-Whitney U test <0.001 0.14 0.44 <0.001
Note. * — linear regression.
Table 3

Correlation between tissue structures in the MPP of the knee joint

Plica zone

Tissue components in the plica, %

connective tissue

vascular adipose tissue

signs of fibrosis and hyalinization | wi

thout signs of fibrosis

Connective tissue (fibrosis) —0.65 (0.02)*

Vessels —0.291 (0.35)* 0.17 (0.60)* — —
Adipose tissue —0.75 (< 0.001)* 0.25 (0.44)* —0.10 (0.75)* —
Plica thickness —0.31 (0.32)* 0.01 (0.97)* 0.80 (< 0.001)* 0.10 (0.75)*

Note. * p — statistical significance at p < 0.05.
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Table 4
Association of histological characteristics of the MPP with patients’ social factors
using linear or logistic regression models
Regression model factor Regression coefficient
e — sanesxuii B SE p-value
plica thickness 1.51 0.96 0.15
fibrosis area, % -13.7 11.03 0.24
Gender (male) * non-fibrotic area, % 5.10 6.23 0.43
vessels, % 2.11 1.47 0.18
adipose tissue, % 5.76 9.12 0.54
plica thickness —-0.01 0.04 0.86
fibrosis area, % —0.66 0.42 0.15
Age * non-fibrotic area, % 0:53 0.19 0.02
vessels, % 0.12 0.05 0.03
adipose tissue, % —0.09 0.37 0.80
plica thickness —158.6 1.9-10° 0.99
fibrosis area, % 383.5 3.8:10° 0.99
Injury (yes/no) ** non-fibrotic area, % 456.2 4.6-10° 0.99
vessels, % 284.3 2.3-10° 0.99
adipose tissue, % 409.2 3.7-10° 0.99
plica thickness -168.4 8.1:10* 0.99
fibrosis area, % -63.7 3.3-10* 0.99
Type of work (heavy/light) ** | non-fibrotic area, % -34.7 2.1-10* 0.99
vessels, % 193.1 9.0-10* 0.99
adipose tissue, % —28.8 1.9-10* 0.99

Notes: * — linear regression; ** — logistic regression.

found between age and the proportion of connective
tissue with no clear signs of remodeling or fibrosis.

However, the relatively small sample size, mor-
phological variability, and high dispersion of mea-
sured variables represent limitations of this study.
These factors contributed to quasi-separation in logis-
tic regression modeling; therefore, analysis of the re-
lationship between hypertrophic plica changes and
clinical-lifestyle factors requires further investiga-
tion in a larger cohort.

Discussion

Based on the results of the study of the MPP in pa-
tients with chronic pain, morphological heterogeneity
of the plica was identified, which enabled zonal differ-
entiation for a comprehensive morphometric assess-
ment of its structure. The marginal zone of the MPP
(facing the joint cavity) was found to contain a higher
proportion of fibrous tissue, likely reflecting active
reparative processes. In this study, no statistically sig-
nificant association was found between pathological
transformation of the MPP and a history of trauma,
although the potential role of this factor cannot be

entirely excluded. In contrast, pathological thickening
of the MPP showed a clear relationship with the de-
gree of hyalinization of the fibrous core and patient
age. The observed age-related effect is consistent
with previously reported data on age-associated hy-
pertrophy of synovial plicae [12], although it should
not be considered an independent predictor of plica
hypertrophy. The present findings also indicate that
the condition of the MPP is not determined by knee
trauma, occupational or physical workload, or patient
sex. It is therefore likely that the state of synovial
plicae is influenced by multiple interacting factors.
Accordingly, the relationship between pain syndrome
and pathological changes in the MPP requires further
investigation with a larger sample size and with spe-
cific assessment of neural elements within synovial
plicae of the knee joint.

According to the literature, pain syndromes are
associated only with certain morphological types
of the MPP [11]. Type A (thin synovial fold) and
type B (more prominent thin fold) do not interact
with the medial femoral condyle and are not consid-
ered predictors of pain. In contrast, folds covering
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the medial femoral condyle (non-fenestrated type C
and fenestrated type D) are associated with pain, as
they tend to become stiffer and thicker with age, lead-
ing to entrapment between the patella and the medial
femoral condyle. Type D plicae demonstrate greater
clinical significance and more frequently trigger pain
symptoms compared with type C. With aging, plica
morphology changes independently of trauma his-
tory; elasticity decreases, and increased tension and
mechanical pressure on the medial femoral condyle
or the medial articular surface of the patella contrib-
ute to pain development [12]. In the present study,
age-related changes were also observed, including
an increase in MPP thickness accompanied by in-
creased microvascularization. Other studies have re-
ported neoangiogenesis in the context of fibrosis and
inflammation [7], while hypertrophied plicae may
partially transform into hyalin-like tissue and even
undergo calcification [3, 4]. Some of these changes
were also identified in the studied MPP samples, in-
cluding increased thickness of the marginal zone due
to hyalinization and pronounced remodeling of the
fibrous core. However, no signs of calcification were
detected. A limitation of this study is that the mor-
phological type of the plicae was not considered, al-
though fenestrated and non-fenestrated forms may
have distinct structural characteristics.

Literature data also indicate that persistent contact
between the plica and articular cartilage may lead to
chondromalacia and cartilage erosion [13, 14]. This
aspect was not addressed in the present study and will
be evaluated in future work, as its investigation is
important for clarifying the mechanisms underlying
pain development. The occurrence of pain in the con-
text of suprapatellar or medial patellar plica hyper-
trophy cannot be explained solely by biomechani-
cal interaction with the articular surface. Although
the exact mechanisms of pain remain unresolved,
the identified morphological characteristics of MPP
transformation ‘provide further insight into plica
hypertrophy in the context of age-related changes.
Therefore, the study of synovial plica morphology
in patients ‘with pain syndrome has significant the-
oretical and practical relevance for orthopedics and
traumatology.

Conclusions

In patients with chronic knee pain, the MPP dem-
onstrates a fibrous core covered by a synovial lining
and exhibits pronounced zonal heterogeneity in its
structural organization.

A probable association was identified between
changes in MPP thickness and age-related tissue re-

modeling, including hyalinization, regeneration, and
microvascular proliferation within the fibrous stroma.
These findings suggest that loss of elasticity and pro-
gressive thickening represent key morphological fea-
tures of plica degeneration.

No statistically significant association was found
between MPP morphology and history of trauma,
sex, or type of occupational physical activity. This
indicates that pathological transformation of synovial
plicae is likely multifactorial in origin and warrants

further investigation in larger clinical cohorts.
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