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Relevance 

Osteoarthritis (OA) affected 595 million people in 2020, 7.6 % of the world 

population, and case numbers have risen by 132.2 % since 1990 (GBD 2021 

Osteoarthritis Collaborators, 2023). The disease is no longer regarded as cartilage loss 

alone: subchondral bone, menisci, ligaments, periarticular tissue and the joint capsule 

are all involved (Sanchez-Lopez et al., 2022). The fibrous layer of the capsule has 

nevertheless remained in the background, although its remodelling is what narrows the 

range of motion and drives contracture (Zhang et al., 2021). 

A further obstacle is methodological. Krenn synovitis scores differ by an average 

of 10.6 % between sampling sites within one joint (Mussawy et al., 2022), and for 

rodent models a standardised scheme appeared only recently, with the recommendation 

that lining hyperplasia, cellularity and fibrosis be graded separately rather than summed 

(Obeidat et al., 2024). Published capsule data therefore remain hard to compare: one 

study measures lining thickness, another relies on a semi-quantitative score, and few 

assess the cellular, fibrous and vascular components together. 
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Aim. To develop and justify a standardised approach to the complex 

morphological and morphometric assessment of the joint capsule in experimental 

osteoarthritis. 

Materials and methods 

The framework is built for 45 sexually mature female outbred albino rats (3–3.5 

months, 180–220 g) kept under identical conditions. Animals are allocated to three 

groups: control (n = 5, intra-articular 0.9 % NaCl, 50 µL), untreated experimental OA 

(n = 20) and OA with treatment (n = 20). OA is induced by a single intra-articular 

injection of 50 µL of 40 mg/mL monosodium iodoacetate (2 mg MIA) into the right 

knee under ketamine–xylazine anaesthesia; the dose follows published dose-response 

data in rats (Pu et al., 2026). The two OA groups are each divided into four subgroups 

of five animals, examined on days 14, 21, 30 and 45, and the control animals are 

examined in parallel. Single-sex groups remove sex as a source of variance, which 

matters because the synovial response after joint injury is sexually dimorphic (Bergman 

et al., 2023). 

Material is fixed in 10 % neutral buffered formalin, decalcified in 10 % EDTA 

and sectioned sagittally through the middle of the medial compartment, so that the 

suprapatellar recess and the posterior compartment of the capsule appear on one slide. 

Sixteen sections per animal — 720 in total — are stained by haematoxylin and eosin, 

Van Gieson and Weigert methods, by the PAS reaction, and with Alcian blue and 

toluidine blue. Measurements are made blind in ImageJ (Fiji) on calibrated images: five 

sections per animal, five fields in each of the two sites, 50 fields per animal. The animal, 

not the field, serves as the unit of analysis. Statistical processing is performed in IBM 

SPSS Statistics with non-parametric tests (Mann-Whitney, Kruskal-Wallis with Dunn 

post-hoc) and Bonferroni correction. 
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Results and discussion 

The approach rests on four decisions, each with a specific justification. The MIA 

model was chosen because it requires no arthrotomy: the capsule is not opened and its 

reaction is not confounded by operative trauma, which is difficult to avoid in surgical 

models (Zaki et al., 2022). The observation points span the staged course of the model 

— proliferation of spindle-shaped cells and multilayering of the lining are prominent 

in the first two weeks and then subside, whereas narrowing of the spaces between 

collagen bundles appears at weeks four to eight (Takahashi et al., 2017) — so that days 

14 and 21 capture the proliferative phase and days 30 and 45 the fibrotic remodelling. 

Sampling is fixed to two sites that differ in structure and in mechanical role: the 

suprapatellar recess, with a well-developed synovial layer that stretches most during 

movement, and the posterior compartment, with a thick load-bearing fibrous layer. 

Examining both on one section addresses the site dependence of the synovitis score and 

reflects evidence that the anterior and posterior capsule form a single tissue system 

distinct from the other joint tissues (Laneuville et al., 2025). 

The morphometric programme comprises 21 quantitative parameters distributed 

across the four components of the capsule — four for the synovial lining, five for the 

subintimal layer, four for the fibrous layer and eight for the vascular bed — together 

with the Krenn synovitis scale and a four-point fibrosis scale. The vascular bed carries 

the largest number of parameters because its response changes in both early 

inflammation and late fibrosis, and no single measure captures wall thickening, luminal 

narrowing, venous congestion and perivascular infiltration at once. Treatment effect is 

expressed as a correction index, CI = (M(OA) − M(treated)) / (M(OA) − M(control)) × 

100 %, which places parameters measured in different units on one comparable scale: 

zero means no effect, 100 % a return to the control level. 
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Conclusion 

A design combining a non-surgical model, four observation points from day 14 

to day 45, two fixed sampling sites on a single sagittal section, a six-stain panel and 21 

quantitative parameters makes it possible to assess the cellular, fibrous and vascular 

components of the joint capsule together and under identical conditions. The correction 

index adds a common scale for comparing treatment effects across parameters of 

different dimensions. Such standardisation is a precondition for comparing capsule 

morphometry between studies. 
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