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Macroscopic and Histopathological Evaluation
of Trochlear Articular Cartilage Repair Following
Wedge Resection Trochleoplasty in a Rabbit Model
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Abstract

Objectives: Trochlear dysplasia represents a primary etiological factor in the development of patellar instability within veterinary
orthopedics. Wedge-resection trochleoplasty is frequently used to deepen the femoral trochlear groove, yet the temporal pattern
of macroscopic and histological healing following this procedure in rabbits remains insufficiently characterized. This study aimed
to evaluate time-dependent macroscopic and histological cartilage repair following wedge-resection trochleoplasty in rabbits.
Materials and Methods: Fifteen skeletally mature New Zealand White rabbits underwent standardized wedge-resection
trochleoplasty of the right femoral trochlea and were allocated to postoperative evaluations at 4, 8, or 16 weeks (n =5 per group).
Macroscopic assessments were performed using the International Cartilage Repair Society (ICRS) scoring system, and histological
repair was evaluated using the ICRS Visual Histological Assessment Scale Il across proximal, middle, and distal trochlear regions.
Results: Macroscopic and histological scores progressively increased over time, demonstrating continuous cartilage remodeling
and improvement in trochlear contour at 4 — 8 — 16 weeks. Distal regions exhibited significantly higher repair scores than
proximal regions at all time points (P < 0.05).

Conclusions: Wedge-resection trochleoplasty in rabbits resulted in time-dependent improvement in both macroscopic appearance
and histological cartilage repair, with the most pronounced regeneration observed at 16 weeks. These findings offer quantitative
insight into postoperative cartilage remodeling following wedge-resection trochleoplasty.

Keywords: Wedge-resection trochleoplasty, Cartilage repair, Rabbit model, ICRS-II histological score, Femoral trochlea, Veterinary
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Introduction
Patellar luxation is among the most frequently encountered
orthopedic disorders in small animals, particularly in
canine patients, with medial patellar luxation constituting
the predominant clinical manifestation (1,2). Surgical
interventionisfrequentlyrequired torestore patellofemoral
stability, and among the available corrective techniques,
trochleoplasty remains a cornerstone procedure aimed at
maintaining patellar alignment within the femoral groove
(3,4).

The primary objective of trochleoplasty is to deepen
a shallow trochlear groove, thereby reducing the
tendency for recurrent patellar dislocation (5-7). Various
techniques have been described, ranging from abrasive
procedures such as trochlear chondroplasty to resection-
based methods including wedge resection and block
recession trochleoplasty. Among these, wedge resection
trochleoplasty is widely utilized due to its technical
simplicity and its theoretical advantage of preserving
native articular cartilage (8,9).

In wedge resection trochleoplasty, a V-shaped
osteochondral segment of the trochlea is excised,
recessed into a deepened trough, and reimplanted

(10). This technique is designed to preserve the native
hyaline cartilage surface while simultaneously achieving
immediate geometric correction of the trochlear groove.
Although it has gained widespread clinical application and
demonstrates favorable short-term outcomes, the long-
term biological fate of the reimplanted osteochondral
segment, as well as the quality of cartilage repair at the
surgical site, remain incompletely elucidated (10,11).
Articular cartilage has a limited intrinsic capacity for
regeneration because of its avascular and aneural nature
(12). Following injury, the reparative response is often
characterized by the formation of fibrocartilage rather
than true hyaline cartilage. Fibrocartilaginous repair tissue
differs structurally and functionally from native cartilage
and is generally associated with inferior biomechanical
properties and an increased susceptibility to degenerative
changes over time. Surgical manipulation during wedge
resection, including disruption of the osteochondral
interface and potential chondrocyte injury, may further
influence the nature of the healing response (12,13).
Although several clinical studies have reported outcomes
following patellar luxation surgery in dogs, including
proceduresinvolving trochleoplasty, most are retrospective
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Key Messages

»  Wedge-resection trochleoplasty in rabbits yields time-
dependent cartilage repair, achieving near-normal
macroscopic appearance by 16 weeks.

» Distal trochlear regions heal significantly better than
proximal areas, highlighting site-specific biomechanical
influences on repair quality.

»  Despite macroscopic improvement, the regenerated tissue
remains fibrocartilaginous rather than native hyaline
cartilage, raising concerns about long-term durability.

in design and rely primarily on clinical or radiographic
assessments. Detailed, time-dependent evaluations of
cartilage healing using standardized macroscopic and
histological criteria are scarce. Consequently, there
remains a significant gap in the literature regarding the
chronological sequence and quality of cartilage repair
following wedge resection trochleoplasty under controlled
experimental conditions (14,15).

The rabbit is widely recognized as a robust experimental
model for the study of articular cartilage repair and
osteochondral healing. Repair processes in this species
exhibitkey parallels with those observed in other mammals,
notably a tendency toward fibrocartilaginous repair
following full-thickness cartilage injury. Among rabbit
strains, the New Zealand White offers distinct practical
and biological advantages, rendering it particularly
suitable for controlled, longitudinal investigations of
musculoskeletal pathology and repair (16,17).

Therefore, the present experimental study was designed
to systematically evaluate trochlear articular cartilage
repair following wedge resection trochleoplasty in a rabbit
model. The primary objective was to assess the macroscopic
and histopathological characteristics of the repair tissue
at predefined postoperative intervals (4, 8, and 16 weeks)
using standardized International Cartilage Repair Society
(ICRS) macroscopic and histological scoring systems.
By characterizing the temporal progression and quality
of the reparative response, this study aims to provide
essential preclinical evidence regarding the biological
consequences of wedge resection trochleoplasty and to
inform future refinements in surgical strategies aimed at
optimizing long-term joint health.

Materials and Methods
Animals and Study Design
Fifteen skeletally mature, 12-month-old male New
Zealand White rabbits (3.0 £ 0.5 kg) were used in this study.
All rabbits were clinically healthy prior to enrollment.
Animals were housed individually in stainless-steel cages
under controlled environmental conditions (22 + 2°C, 55
+ 5% humidity, 12-hour light/dark cycle) and acclimatized
for two weeks before surgery.

Rabbits were randomly assigned to three postoperative
evaluation time points: 4 weeks (n=>5), 8 weeks (n=5),

and 16 weeks (n=5). The experimental unit was a single
animal.

Sample Size and Randomization

Sample size was determined using the Resource Equation
Approach appropriate for exploratory animal studies.
Fifteen animals (5 per time point) satisfied the E-value
criteria for histological outcomes. Rabbits were randomly
assigned to groups using a computer-generated allocation
sequence.

Anesthesia and Surgical Procedure

Food was withheld for 12 hours prior to surgery.
Premedication was achieved with buprenorphine (0.03
mg/kg SC). Anesthesia was induced with a combination
of ketamine (15 mg/kg IM) and medetomidine (0.25 mg/
kg IM) (18). Following induction, rabbits were intubated,
and anesthesia was maintained with isoflurane (1-3%)
in 100% oxygen delivered via a semi-closed circuit.
Perioperative fluid therapy (Lactated Ringer’s solution) was
administered at 6 mL/kg/h. Cefazolin (20 mg/kg IV) was
administered as a single prophylactic dose at induction. In
all subjects, the right hind limb was designated for surgical
intervention. The limb was clipped, aseptically prepared
with povidone-iodine, and subsequently draped in a
sterile manner (19,20). A medial parapatellar approach
to the stifle joint was performed. The patella was luxated
laterally. A standardized trochlear wedge resection was
performed as previously described (5,21). Briefly, a
V-shaped osteochondral segment, approximately 13 mm
in length, was outlined and removed from the trochlear
groove using an oscillating saw. A second parallel cut was
made to widen the defect, and the original wedge segment
was recessed and impacted into the deepened groove,
creating a new sulcus approximately 2 mm deeper than
the original. The joint was lavaged copiously with sterile
saline. The joint capsule was closed in a simple continuous
pattern using 3-0 polydioxanone (PDS). The subcutaneous
tissue was opposed with 3-0 polyglactin 910 (Vicryl), and
the skin was closed with an intradermal pattern using the
same material.

Postoperative Care and Monitoring

Postoperative analgesia was provided with tramadol (5 mg/
kg SC every 12 hours) for 5 days. A light modified Robert
Jones bandage was applied to the limb for two weeks to
support the soft tissues. Animals were monitored daily for
signs of pain, lameness, infection, or wound dehiscence.
Weekly clinical examinations assessed weight-bearing,
range of motion, and wound healing.

Euthanasia and Sample Collection

At the designated endpoint (4, 8, or 16 weeks), rabbits
were humanely euthanized. A deep plane of anesthesia
was induced as previously described, followed by
intravenous administration of a concentrated potassium
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chloride solution (10 mL) via the auricular vein to ensure
cardiac arrest. Death was verified by the absence of vital
signs and reflexes. Immediately following euthanasia,
the operated stifle joint was harvested through sharp
dissection. An osteochondral block, comprising 1.5 cm
of the distal femur (proximal to the trochlea) and 1.5 cm
of the proximal tibia, was excised en bloc to preserve the
articular structures (21).

Macroscopic Evaluation

The harvested joint was opened, and the articular surfaces
of the trochlea and patella were photographed under
standardized lighting. Macroscopic assessment of the
trochlear repair site was performed by two independent,
blinded observers using the ICRS Macroscopic Evaluation
Scale (22). This scale evaluates three parameters: Degree
of defect repair (0-4 points), integration to border zone
(0-4 points), and macroscopic appearance (0-4 points).
A total score (0-12) is calculated and translated into an
overall repair grade: Grade I (normal, 12 points), Grade
IT (nearly normal, 11-8), Grade III (abnormal, 7-4), and
Grade IV (severely abnormal, 3-1) (23).

Regional Division of the Trochlea

For histological evaluation, the trochlear groove was
divided into three equal cranio-caudal regions: (a)
Proximal: cranial one-third adjacent to the metaphyseal
region, (b) Middle: central one-third, and (c) Distal:
caudal one-third near the intercondylar transition. Each
region was analyzed separately.

Histological Processing and Staining

The osteochondral block was fixed in 10% neutral buffered
formalin for 72 hours. Following fixation, the specimens
were decalcified in 10% ethylenediaminetetraacetic acid
(EDTA) solution for 50 days, with the solution changed
weekly. After complete decalcification, the samples were
processed through a graded series of alcohols, cleared

in xylene, and embedded in paraffin wax. Longitudinal
sagittal sections through the center of the trochlear groove,
5 um thick, were obtained using a rotary microtome.

For histopathological assessment, sections were stained
with hematoxylin and eosin (H&E) and Masson’s
trichrome.

Histopathological Evaluation

H&E and Trichrome-stained sections were evaluated by
two board-certified veterinary pathologists blinded to the
groups. The ICRS Visual Histological Assessment Scale II
was used to score six categories: Surface (0-3), matrix (0-
3), cell distribution (0-3), cell population viability (0-3),
subchondral bone (0-3), and cartilage mineralization (0-
3). The total score ranges from 0 to 18 (24).

Statistical Analysis

All statistical analyses were performed using SPSS software
(Version 24.0, IBM Corp.). Data normality was tested
using the Shapiro-Wilk test. The macroscopic (ICRS total
score), histological (ICRS total score), data were expressed
as mean * standard deviation. Comparisons among the
three time-point groups were performed using a one-
way analysis of variance (ANOVA), followed by Tukey’s
post-hoc test for multiple comparisons if a significant
difference was found. A P value of < 0.05 was considered
statistically significant.

Results

Macroscopic Evaluation

Macroscopic examination of the trochlear groove
demonstrated a clear time-dependent improvement in
the quality of cartilage repair following wedge resection
trochleoplasty (Figure 1).

4-Week Group
At 1 month postoperatively, the repair site was clearly
distinguishable from the surrounding native cartilage.

Figure 1. Macroscopic Appearance of the Femoral Trochlear Groove at 4, 8, and 16 Weeks After Wedge-Resection Trochleoplasty. At 4 and 8 weeks, the distal
region (mean score 10.80 = 1.64) scored significantly higher than the middle (3.80 + 0.45; P = 0.001) and proximal (1.60 + 1.14; P = 0.001) regions. At 16 weeks,
the distal region remained superior to the proximal (P = 0.001) and middle (P = 0.025) regions, although inter-regional differences narrowed over time as repair
progressed in the proximal and middle regions. Panels: (A) 4-Week post-surgery; (B) 8-Week post-surgery; (C) 16-Week post-surgery. P: Proximal M: Middle D:

Distal.
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The margins of the repaired area were well demarcated,
and incomplete integration with adjacent cartilage was
evident, particularly in the proximal and middle regions.
The surface of the repair tissue appeared irregular and
uneven, with a dull appearance suggestive of immature
fibrocartilaginous tissue. In contrast, distal regions
showed relatively better defect filling and smoother
surfaces compared with proximal areas.

8-Week Group

By 8 weeks, macroscopic findings indicated notable
improvement in defect filling and border integration.
The demarcation between the repair tissue and native
cartilage became less distinct, especially in the distal
region. Surface continuity improved across all regions,
although mild surface irregularities persisted in proximal
and middle areas. Distal regions consistently exhibited a
smoother and more homogeneous surface, approaching a
nearly normal macroscopic appearance.

16-Week Group

At 4 months, the repair tissue demonstrated the most
advanced macroscopic characteristics. The borders of
the repaired area were difficult to distinguish from the
surrounding cartilage, particularly in distal regions.
The articular surface appeared continuous and well-
integrated, with minimal surface irregularities. However,
proximal and middle regions occasionally retained subtle
unevenness compared with the adjacent native hyaline
cartilage, whereas distal regions showed a more uniform
and mature appearance.

Quantitative assessment using the ICRS macroscopic
scoring system revealed a statistically significant
improvement over time (P < 0.001). The mean total ICRS
score increased from approximately 5-6 points (Grade III:
abnormal) at 4 weeks to 7-9 points (Grade III to II) at 8
weeks, reaching 8-9 points (Grade II: nearly normal) at

Table 1. Macroscopic ICRS Scores of Trochlear Cartilage Repair

16 weeks (Table 1). Distal regions exhibited significantly
higher macroscopic scores compared with proximal
regions at all evaluated time points (P < 0.05), indicating
superior repair quality in the distal portion of the trochlear
groove.

Histopathological Evaluation (H&E and Trichrome)
Histological assessment using the ICRS-I scoring system
confirmed the macroscopic findings and provided detailed
insight into the maturation and structural organization of
the repair tissue over time (Figures 2-4).

4-Week Group

At 4 weeks postoperatively, histological evaluation
revealed immature repair tissue, particularly in the
proximal and middle regions. The articular surface
was irregular and discontinuous, and the extracellular
matrix exhibited poor organization, consistent with
early fibrocartilaginous repair. Cellular distribution was
disordered, characterized by clusters of chondrocyte-like
cells with variable viability. Subchondral bone remodeling
was incomplete, and mineralization remained limited. In
contrast, distal regions demonstrated higher histological
scores, characterized by improved surface continuity,
more organized matrix structure, and early restoration of
subchondral bone architecture.

8-Week Group

By 8 weeks, marked histological improvement was
observed across all regions. The repair tissue exhibited
enhanced matrix organization and more uniform
cell distribution, with partial restoration of surface
smoothness. Subchondral bone remodeling progressed
toward a more organized structure with improved
mineralization. Notably, distal regions achieved near-
complete restoration of histological parameters, including
surface integrity, matrix quality, and subchondral bone

Time Region Degree of defect repair Integration to border zone Macroscopic appearance Total ICRS score
Proximal 1.6+0.5 1.8+0.4 1.6 +0.5 5.0+0.8

4 Weeks Middle 1.8+0.4 2.0+£0.0 1.8+0.4 5.6 +0.5
Distal 2.6+£0.5 2.8+04 2.6+0.5 8.0+0.7#
Proximal 2.4+£0.5 2.6+0.5 22+04 7.2 +0.8*

8 Weeks Middle 26+0.5 2.8+0.4 2.4+05 7.8+0.7*
Distal 3.0+0.0 3.0+0.0 3.0+0.0 9.0 £ 0.0¢*
Proximal 2.8+04 2.8+0.4 26+0.5 8.2 +0.6%

16 Weeks Middle 2.6+£0.5 2.6+0.5 2.4+05 7.6 0.7
Distal 3.0+0.0 3.0+0.0 3.0+£0.0 9.0 + 0.0#*

Data are presented as mean =+ standard deviation (SD). Macroscopic cartilage repair was evaluated using the International Cartilage Repair Society (ICRS) scoring

system (maximum total score: 12).

Statistical analysis was performed using one-way repeated measures ANOVA, followed by Bonferroni post hoc test for multiple comparisons.

P < 0.05 was considered statistically significant.
* Significant difference compared with 4-week group.

# Significant difference compared with proximal region at the same time point.
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Figure 2. Histopathological Photomicrographs (x40) of the Proximal Trochlear Groove at 4-, 8-, and 16-Week’ Post-surgery. Progressive improvement is evident
across histologic parameters. Surface smoothness, cartilage matrix integrity, and cellular distribution increased by 16 weeks (P < 0.05), indicating active tissue
remodeling. Subchondral bone showed structural reorganization consistent with enhanced bone-cartilage integration. Cell viability increased, reflecting
proliferative activity and tissue regeneration. Increased cartilage mineralization further supports ongoing maturation and functional adaptation. Panels: (A, B)
4-week—H&E and Masson’s trichrome; (C, D) 8 weeks—H&E and Masson’s trichrome; (E, F) 16 weeks—H&E and Masson’s trichrome. Arrow key: black, matrix;
white, cell distribution; blue, cell viability; red, subchondral bone; green, cartilage mineralization. Scale bars = 100 pm.

Figure 3. Histopathological photomicrographs (x40) of the Middle Trochlear Groove at 4 and 8 weeks’ Post-Surgery. Middle region: Surface smoothness, matrix
integrity, and cellular organization improved steadily and significantly (P < 0.05). Subchondral bone and cell viability showed moderate, consistent gains,
indicating gradual adaptation. Cartilage mineralization peaked by 4 months, supporting active matrix deposition and calcification. Overall regeneration was
continuous but not fully mature within the study period. Panels: (G, H) 1-month—H&E and Masson’s trichrome; (I, J) 8 weeks—H&E and Masson’s trichrome;
(K, L) 4 months—H&E and Masson’s trichrome. Arrow key: black, matrix; white, cell distribution; blue, cell viability; red, subchondral bone; green, cartilage
mineralization. Scale bars = 100 pm.

structure, resulting in maximal or near-maximal ICRS-I
scores (Figure 2). Proximal and middle regions showed
moderate but significant improvement compared with the
4-week group (Figures 3 and 4).

16-Week Group
At 16 weeks, further maturation of the repair tissue was
evident. Proximal and middle regions demonstrated

substantial improvement in surface regularity, matrix
organization, cell distribution, and cell viability (Figures 3
and 4). Subchondral bone architecture and mineralization
were largely reestablished, although certain parameters
remained marginally inferior relative to distal regions.
Distal regions consistently exhibited histological features
closely resembling native hyaline cartilage, with smooth
articular surfaces, well-organized matrix, normal cellular
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Figure 4. Histopathological Photomicrographs (x40) of the Distal Trochlear Groove at 4 and 8 Weeks’ Post-surgery. The distal region maintained consistently
high histologic scores across all parameters. Surface smoothness, matrix integrity, and cellular distribution remained optimal with minimal temporal variation.

Subchondral bone and cartilage mineralization were stable and well preserved, indicating early attainment of a mature, structurally stable state. Cell viability

remained high throughout, supporting a sustained microenvironment for long-term tissue maintenance. Panels: (M, N) 4-week—H&E and Masson’s trichrome; (O,
P) 8 weeks—H&E and Masson’s trichrome; (Q, R) 16 weeks—H&E and Masson’s trichrome. Arrow key: black, matrix; white, cell distribution; blue, cell viability;

red, subchondral bone; green, cartilage mineralization. Scale bars = 100 pm.

architecture, and fully restored subchondral bone,
maintaining maximal ICRS-I scores.

Quantitative analysis revealed a significant time-
dependent increase in total ICRS-I scores (P < 0.001).
Total histological scores increased from approximately 7-8
points at 1 month to 12-13 points at 8 weeks, reaching 14—
18 points at 4 months, depending on the evaluated region
(Table 2). Distal regions demonstrated significantly higher
histological scores compared with proximal regions at all
time points (P < 0.05), indicating superior and more rapid
cartilage regeneration in the distal trochlear groove.

Discussion
This experimental study provided a systematic longitudinal

Table 2. Histological ICRS-I Scores of Articular Cartilage Repair

evaluation of the reparative response following wedge
resection trochleoplasty in a rabbit model. The principal
findings demonstrated that although the surgical site
underwent significant macroscopic and histological
improvement over a 4-month period—ultimately
achieving a nearly normal macroscopic appearance—the
regenerated tissue did not fully recapitulate the structural
characteristics of native hyaline cartilage. Instead, the
repair process was marked by progressive maturation
toward a fibrocartilaginous phenotype, with region-
dependent variability in repair quality (25).

The observed time-dependent improvement in both
macroscopic and histological scores is consistent with
established principles of osteochondral repair (26). At

Time Region Surface Matrix Cell distribution Cell viability Subchondral bone Mineralization Total score
Proximal 12+04 1.4 £0.5 12+04 1.6+0.5 12+04 1.0+0.0 7.6+1.0

4 Weeks Middle 1.4+0.5 1.6 0.5 1.4+0.5 1.6+0.5 1.4+0.5 1.0+0.0 8.4+0.9
Distal 2.4+0.5 2.6x0.5 2.4+05 2.6 0.5 2.6+0.5 2.0+£0.0 14.6 + 0.84
Proximal 2.0+£0.0 2.0x0.0 2.0+£0.0 2.0+£0.0 2.0+£0.0 2.0+£0.0 12.0 £ 0.0*

8 Weeks Middle 22+04 22+04 2.0+£0.0 22+04 22+04 2.0+£0.0 12.8 +0.7*
Distal 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0 3.0+0.0 18.0 £ 0.0#t*
Proximal 2.4+£0.5 2.6x0.5 2405 2.6+0.5 2.6+0.5 2.6 +£0.5 15.2 +0.8+*

16 Weeks  Middle 22104 22+04 22+04 2.4+£05 22+04 2.4+£05 13.6 + 0.7+*
Distal 3.0+£0.0 3.0+0.0 3.0+£0.0 3.0+£0.0 3.0+0.0 3.0+£0.0 18.0 £ 0.041*

Histological evaluation was performed according to the ICRS-I scoring system (24), with a maximum total score of 18.

Values are expressed as mean + SD.

Differences among time points and regions were analyzed using two-way ANOVA (factors: time and region), followed by Bonferroni correction.

A P value < 0.05 was considered statistically significant.

* Significant difference versus 4-week group.

1 Significant difference versus 8-week group.

# Significant difference versus proximal region at the same time point.
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4 weeks, repair tissue in proximal and middle regions
exhibited immature characteristics, including surface
irregularity, poor matrix organization, and incomplete
subchondral bone restoration, corresponding to low ICRS
and ICRS-I scores. By 8 weeks, substantial improvement
was evident, particularly in the distal trochlear region,
where surface integrity, matrix quality, and subchondral
bone architecture approached near-normal values. At 16
weeks, macroscopic evaluation revealed well-integrated
repair tissue with smooth and continuous surfaces,
especially in distal regions, resulting in ICRS grades
predominantly classified as nearly normal.

Despite favorable macroscopic outcomes, histological
evaluation revealed notable qualitative limitations.
Although total ICRS-I scores demonstrated significant
improvement over time, the proximal and middle regions
consistently lagged behind the distal areas, highlighting
spatial heterogeneity in the reparative response (27).
Even at 16 weeks, histological scores in several specimens
remained within the abnormal to nearly normal range,
largely due to incomplete matrix organization and
residual irregularities in cell distribution and subchondral
bone remodeling. This discrepancy between macroscopic
appearance and microscopic tissue quality highlights a
critical limitation of relying solely on gross inspection
when evaluating cartilage repair outcomes (28).

The regional superiority observed in the distal trochlea
throughout the study may be attributed to differences in
local mechanical loading, vascular supply, or biological
microenvironment (29). Reduced shear stress and
improved stability in the distal region may favor more
effective cartilage maturation and subchondral bone
restoration. These findings are clinically relevant, as they
suggest that even within a single trochlear groove, repair
quality following wedge resection trochleoplasty is not
uniform and may depend on site-specific biomechanical
conditions (30).

Importantly, while this study demonstrated that
wedge resection trochleoplasty effectively restored
joint congruence and achieved stable integration of the
repair tissue, the histological characteristics indicated
that the regenerated cartilage did not fully achieve the
organization typical of native hyaline cartilage (31). This
observation aligns with reports from other full-thickness
cartilage repair models, where fibrocartilaginous repair
predominates despite favorable macroscopic outcomes
(32). Such tissue, although functionally adequate in
the medium term, may possess inferior biomechanical
properties and a reduced capacity to withstand long-term
cyclic loading (33).

The present findings provide a biological framework
for interpreting previously reported clinical outcomes
following trochleoplasty procedures. While restoration
of patellofemoral stability and joint congruity can yield
satisfactory short- to mid-term function, the persistence
of structurally immature or fibrocartilaginous repair tissue

may contribute to progressive cartilage degeneration over
time (34). This underscores the importance of managing
long-term expectations and highlights the potential value
of adjunctive strategies aimed at enhancing cartilage
quality (35).

Limitations of the Study

This study had several limitations. The absence of a
sham-operated or untreated control group restricted
conclusions regarding absolute repair relative to native
cartilage. The relatively small sample size, characteristic
of exploratory animal studies, limited the detection of
subtle regional differences. Furthermore, biomechanical
properties and long-term function beyond 16 weeks were
not evaluated.

Conclusions

In conclusion, wedge-resection trochleoplasty produced
consistent and measurable improvements in macroscopic
and histological cartilage repair over time, with the
most advanced remodeling observed at 16 weeks. These
findings provide benchmark healing timelines for future
translational and comparative studies on trochlear
cartilage repair.
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