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Purpose

To evaluate the early clinical and radiological outcomes of an algorithm-based surgical
decision-making framework for focal knee cartilage defects using reproducible,
cost-effective techniques in routine clinical practice.

Materials and Methods

This retrospective case series included five consecutive patients with ICRS Grade 3-4
chondral or osteochondral lesions. Treatment followed a structured decision-making
algorithm based on fragment viability, lesion size, and patient-specific factors. Surgical
procedures included bone marrow stimulation (BMS, n=2), osteochondral autograft
transplantation (OAT, n=1), and osteochondral fragment refixation for osteochondritis
dissecans (OCD, n=2). Clinical outcomes were assessed using the Visual Analogue Scale
(VAS) and the Knee Injury and Osteoarthritis Outcome Score (KOOS) at 1, 3, and 6
months. Structural repair was evaluated at 6 months using MRI-based MOCART 2.0
scoring.

Results

All patients demonstrated progressive clinical improvement. Mean VAS scores decreased
from 6.6 preoperatively to 1.2 at 6 months. KOOS scores improved across all subscales,
with the greatest gains observed in activities of daily living. MRI evaluation
demonstrated variable structural maturation (mean MOCART 2.0 score: 60, range 45-75),
with superior outcomes observed in patients undergoing fragment refixation. Even in an
older patient with extensive pathology, bone marrow stimulation resulted in satisfactory
short-term outcomes.

Conclusion

The proposed algorithm-based approach provides a practical and reproducible framework
for selecting surgical treatment in focal knee cartilage defects. Despite the limited sample
size, the consistent clinical improvement supports the feasibility and applicability of this
decision-making model, particularly in real-world and resource-constrained settings.

INTRODUCTION cepted treatment algorithm has yet to be established.>#
The selection of the optimal treatment strategy depends on
multiple factors, including defect size and depth, anatom-
ical location (particularly within the patellofemoral com-
partment), the condition of the subchondral bone, the pres-
ence of an osteochondral component, as well as
patient-specific variables such as age and activity level.>
For small defects (<2-3 c¢m?), microfracture remains
widely utilized due to its technical simplicity and accessi-
bility. However, long-term follow-up studies have demon-
strated a decline in clinical outcomes, deterioration in MRI-

Focal cartilage defects of the knee remain one of the most
challenging problems in modern orthopaedics. These le-
sions are associated with chronic pain, progressive func-
tional impairment, and a substantial decline in quality of
life, frequently requiring surgical intervention.l,2

Despite the availability of a wide range of surgical tech-
niques such as microfracture (MF), osteochondral autograft
transplantation (OAT), matrix-assisted procedures (AMIC),
and cell-based approaches (ACI/MACI), a universally ac-
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based parameters, and progression toward osteoarthritis
over time.®7 In contrast, increasing evidence supports the
superiority of osteochondral autograft transplantation and
matrix-associated techniques in appropriately selected pa-
tients, particularly in terms of structural repair and dura-
bility.47

Osteochondral lesions, including unstable fragments
and osteochondritis dissecans (OCD), represent a distinct
and complex clinical entity. In these cases, management
strategies must address not only cartilage restoration but
also subchondral bone integrity, with consideration given
to fragment refixation or osteochondral grafting tech-
niques.8

Although several treatment algorithms have been pro-
posed, many of them are complex, rely on high-cost and
technologically demanding procedures, and demonstrate
limited applicability in routine clinical practice, especially
in resource-constrained settings.

In response to these limitations, we developed a sim-
plified, pragmatic algorithm for selecting surgical treat-
ment based on four key defect characteristics: size, depth,
presence of an osteochondral component, and anatomical
location. The proposed algorithm is based exclusively on
reproducible and widely available techniques, including
microfracture, osteochondral autograft transplantation, os-
teochondral fragment refixation, and bone grafting. Matrix-
assisted (AMIC) and cell-based (ACI/MACI) technologies
were intentionally excluded due to their high cost, techni-
cal complexity, and limited accessibility.

The aim of this study was to evaluate the clinical and
magnetic resonance imaging outcomes of surgical treat-
ment of focal knee cartilage defects performed according to
the proposed algorithm, and to demonstrate its feasibility
and applicability in real-world clinical practice.

MATERIALS AND METHODS

STUDY DESIGN AND ETHICAL APPROVAL

This study was a retrospective, non-comparative case series
of patients undergoing surgical treatment for focal carti-
laginous and osteochondral defects of the knee. The study
protocol was approved by the local Institutional Review
Board of the National Scientific Center of Traumatology
and Orthopaedics named after Academician N.D. Batpenov
(October 8, 2024; protocol No. 3/10). Written informed con-
sent was obtained from all patients included in the study.
All procedures were performed in accordance with the prin-
ciples of the Declaration of Helsinki.

PARTICIPANTS AND ELIGIBILITY CRITERIA

Five consecutive patients (3 females and 2 males) treated
between June 2025 and January 2026 with a minimum fol-
low-up of 6 months were included. All procedures were per-
formed by a single senior surgeon at a single institution.

INCLUSION CRITERIA

» Symptomatic full-thickness chondral or osteochon-
dral defects of the knee classified as Grade 3-4 ac-
cording to the International Cartilage Regeneration
& Joint Preservation Society (ICRS)

o Failure of conservative management for at least 3
months

» Age between 18 and 65 years

« Closed or near-closed physes in adolescent patients

EXCLUSION CRITERIA

» Advanced osteoarthritis (Kellgren- Lawrence grade
>2)

« Body mass index (BMI) >30 kg/m?

» Lower limb malalignment exceeding 5° varus or val-
gus

» Ligamentous instability, including anterior cruciate
ligament deficiency

« Systemic inflammatory arthritis

SURGICAL PROCEDURE

All patients underwent arthroscopic or mini-open surgical
intervention. Intraoperatively, lesion characteristics (size,
depth, and location) were documented and classified ac-
cording to the ICRS classification system.

A tailored, lesion-specific surgical strategy was applied
based on defect morphology:

+ Bone Marrow Stimulation (BMS): performed as mi-
crofracture for small, contained chondral defects (<2
c¢m?) to stimulate bone marrow—-derived repair.

» Osteochondral Autograft Transplantation (OAT):
utilized for larger or deep osteochondral defects re-
quiring structural restoration with hyaline-rich
grafts.

* Osteochondral Fragment Refixation: indicated in
younger patients with osteochondritis dissecans
(OCD), using either compression screws or bioab-
sorbable pins to achieve stable internal fixation.

The choice of technique was individualized based on de-
fect size, depth, chronicity, and patient-specific factors.

OUTCOME MEASURES

Clinical and radiological outcomes were assessed using
standardized measures.
Primary outcomes included:

» Pain intensity measured using the Visual Analogue
Scale (VAS)

« Knee function assessed using the Knee Injury and Os-
teoarthritis Outcome Score (KOOS), including all five
subscales (Symptoms, Pain, Activities of Daily Living,
Sport and Recreation, and Quality of Life).

Assessments were conducted preoperatively and at 1, 3,
and 6 months postoperatively.
Secondary outcomes included:
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» Structural repair quality evaluated at 6 months using
magnetic resonance imaging (MRI).

STATISTICAL ANALYSIS

Statistical analysis was primarily descriptive. Continuous
variables are presented as mean # standard deviation (SD).
Changes in clinical outcomes over time were described with
a focus on individual patient trajectories. No formal statis-
tical hypothesis testing was performed.

MRI ASSESSMENT AND SCORING

Magnetic resonance imaging was performed at 6 months
postoperatively using a 1.5T or 3.0T scanner. All MRI ex-
aminations were independently evaluated by two muscu-
loskeletal radiologists, and consensus was reached in cases
of discrepancy. Structural repair tissue was scored accord-
ing to the MOCART 2.0 (Magnetic Resonance Observation
of Cartilage Repair Tissue) scoring system, encompassing
seven parameters: defect filling, integration with adjacent
cartilage, surface, structure, signal intensity, subchondral
bone status, and presence of bony overgrowth.

SURGICAL DECISION BASED ON ALGORITHM

The treatment strategy followed a structured, stepwise al-
gorithm based on lesion-specific characteristics and modi-
fying patient-related factors.

STEP 1: ASSESSMENT OF FRAGMENT VIABILITY

The initial evaluation focused on the presence of an os-
teochondral fragment. In such cases, intraoperative assess-
ment of fragment viability, stability, and its anatomical lo-
cation was performed:

» Fixation: Indicated only for viable, stable, and struc-
turally intact fragments.

» Excision and stimulation: non-viable or highly frag-
mented lesions were excised. If the underlying bone
was healthy, bone marrow stimulation (BMS) was
performed.

STEP 2: DEFECT SIZE AND PATIENT PROFILE

In the absence of a salvageable fragment, the selection of
the reconstructive technique was primarily guided by the
defect surface area:

« Small defects (<2 cm?): Managed with microfracture/
BMS to stimulate marrow-derived repair tissue.

o Medium-sized defects (2-4 cm?): Treated with Os-
teochondral Autograft Transfer (OATS/mosaicplasty)
to provide immediate structural restoration with hya-
line cartilage.

o Large defects (>4 cm?): The approach was highly in-
dividualized.

e In younger, high-demand patients: Restorative tech-
niques (OATS) were prioritized to ensure durable
joint preservation.

+ In older patients or those with lower functional re-
quirements: BMS was preferred, acknowledging the
diminished biological regenerative capacity and the
invasive nature of complex reconstruction in this de-
mographic.

Detailed case-specific findings are illustrated in Figures
2-16.

RESULTS

As shown in Table 1, the study cohort comprised 5 pa-
tients (3 females, 2 males) with a mean age of 33.4 + 19.1
years (range: 18 to 65 years). The average Body Mass Index
(BMI) was 23.4 + 2.7 kg/m?, indicating a non-obese popu-
lation. Lesion characteristics varied across the group: four
patients had defects localized in the Medial Femoral
Condyle (MFC), but only one patient presented with a me-
dial facet patellar lesion. Defect sizes ranged from small,
localized areas (1-2 cm?2) to extensive delamination and
necrosis (>5 cm2). Bone marrow stimulation was performed
in two patients (Patients 1 and 3), while restorative proce-
dures (OATS and ORIF) were applied in Patients 2, 4, and 5.

Individual changes in pain intensity, measured by the
Visual Analogue Scale (VAS), are presented in Table 2. At
baseline, preoperative pain scores ranged from 6 to 7 across
all five patients. By the 1-month follow-up, four patients
(Patients 1, 3, 4, and 5) reported a score of 4, while Patient
2 reported a score of 5. At the 3-month follow-up, scores
further declined to 2 for patients 1, 3, and 5, and to 3 for
Patients 2 and 4. At the final 6-month evaluation, four out
of five patients (Patients 1, 2, 4, and 5) reached a score of 1,
while Patient 3 (the oldest participant) reported a score of
2.

As shown in Table 3, the functional status of each pa-
tient is presented using the Knee Injury and Osteoarthritis
Outcome Score (KOOS) across five subscales. All five pa-
tients demonstrated a progressive increase in scores from
the preoperative baseline to the 6-month follow-up. Both
Patient 1 and 2 started with a KOOS mean of 37.2 before
surgery. By 6 months, their overall scores reached 78.4 and
78.2, respectively. The most significant improvements were
observed in the ADL subscale, reaching 92 and 90, while
the Sport subscale remained the lowest scoring category,
with scores of 65 and 68. Patient 3 showed a baseline mean
of 35.2. At the 6-month mark, the mean score improved
to 81. In addition, this patient achieved the highest score
in the ADL category (95) among the first three patients,
with a QoL score increasing from 40 to 80. Patient 4 started
with a baseline mean of 45, the score progressed to 83 at 6
months. A consistent rise was recorded across all subscales,
with Pain and ADL scores reaching 90 and 95, respectively,
at the final follow-up. Patient 5: This patient had the high-
est preoperative baseline with mean 68. By 6 months, the
mean score reached 90, with the ADL subscale achieving a
near-maximum score of 98 and the Pain subscale reaching
95.

As shown in Table 4, the structural integrity of the repair
tissue as assessed using the MOCART 2.0 scoring system at
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Figure 1.

Pragmatic decision-making algorithm for surgical management of

focal knee cartilage defects. The algorithm is based on fragment viability, de-

fect size, and patient-specific factors, guiding the selection between bone mar-

row stimulation (BMS), osteochondral autagraft transplantation (OAT), and

fragment fixation.

the 6-month follow-up. Total scores ranged from 45 to 75
points, reflecting variable degrees of morphological mat-
uration across the different surgical techniques. Patient 5
demonstrated the highest structural score of 75 points. This
patient showed maximum scores in Volume Fill (20), In-
tegration (15), and Structure (10), indicating complete de-
fect filling and superior graft-to-host integration. Patient 4
reached a total score of 65 points, with a complete volume
fill (20) and a stable subchondral bone appearance. Patients

1 and 3 represented identical total scores of 60 points.
While they showed lower scores in volume fill (15) com-
pared to the restorative group, their integration and signal
intensity remained consistent at 10 points. Patient 2
recorded the lowest score in this series (45 points). Al-
though volume fill was complete (20), this was offset by
lower scores in integration (5), surface (5), and signal in-
tensity (5). Notably, this patient was the only one to show 0
points for bony overgrowth.
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Table 1. Patient Demographics, Lesion Characteristics, and Surgical Treatment Details

Age Defect Localization/
Patients Gender g BMI Size s Surgical Procedure/Details
(years) (cm?) Description

Patient Left-MFC: Localized Arth.roscopy: Partial lateral

Female 30 24 1-2 N meniscectomy; Bone marrow
1 chondromalacia . .

stimulation.
Patient Left-MFC: Full- Arthroscopy: Partial medial
2 Female 35 25 4 thickness chondral meniscectomy; Mosaicplasty
defect (OATS).

Patient 5and Left-MFC:. Extensive Arthroscopy: Debridement; Pridie

Female 65 27 delamination and - X .
3 more . drilling; Bone marrow stimulation.

necrosis
Patient Male 18 21 2_3 Rght-MFC: OCD OCD leatlo.n:. Primary ORIF;
4 lesion 6-month revision (stable graft).
. - . . Hybrid Repair: Diagnostic
Patient Male 19 20 2-3 Right Pa_tella. Medial arthroscopy and Open fragment
5 facet lesion .
fixation.
Table 2. Changes in VAS Pain Scores from Baseline to 6 Months

Patients VAS (before) VAS (1 month) VAS (3 months) VAS (6 months)
Patient 1 6 4 2 1
Patient 2 7 5 3 1
Patient 3 7 4 2 2
Patient 4 6 4 3 1
Patient 5 7 4 2 1

Representative preoperative, intraoperative, and post-
operative imaging findings are presented in Figures 2-16.

CASE PRESENTATION

Case-specific imaging and intraoperative findings for each
patient are presented below.

DISCUSSION

The preliminary case series represents early clinical and
radiological findings of five patients following individual-
ized surgical cartilage repair of the knee, encompassing
bone marrow stimulation, osteochondral autograft transfer,
and primary fragment fixation for osteochondritis disse-
cans. Despite the inherent limitations of a small, hetero-
geneous cohort with a 6-month follow-up, the consistently
favorable trends in pain reduction, functional recovery, and
structural repair tissue progression across all patients pro-
vide a clinically meaningful, hypothesis-forming founda-
tion for future research. The proposed algorithm may serve
as a practical decision-making tool in settings where ad-
vanced cell-based technologies are not available. This ap-
proach allows for rational selection of surgical technique
based on lesion-specific characteristics while maintaining
feasibility in routine orthopaedic practice.

Overall, all five patients showed a progressive reduction
in VAS pain scores from baseline to the 6-month mark,

with four patients reaching a score of 1 at final follow-
up. These findings are consistent with widely recognized
pain-relieving effects of cartilage repair surgery in the early
recovery phase. Patient-reported outcome measures show
significant improvement in postoperative scores following
BMS-based procedures, but longitudinal analyses showed
declining clinical outcomes and return-to-sport rates from
short-term to long-term follow-up.? The rapid functional
recovery observed in patients 4 and 5, aged 18 and 19 re-
spectively, is consistent with the biological advantages of
younger cartilage. It is said that advancing age is associated
with a senescent phenotype of chondrocytes and a decline
in cell turnover, leading to inferior, fibrous defect filling.10
All patients demonstrated gradual improvement across
all five KOOS subscales. Patient 5, who underwent hybrid
open fragment fixation for a medial patellar facet lesion,
demonstrated the highest overall KOOS score of 90 at
month 6, including a peak ADL score of 98. Particularly, the
“Sports & Recreation” subscale remained behind the other
domains in all patients, this can be observed in the carti-
lage restoration literature. For instance, the KOOS Sports
and Recreation subscale demonstrated the lowest mean ef-
fect size at early follow-up time points (year 1 and year
2) compared with other KOOS domains, consistent with
the pattern of slower or delayed improvement in sports-re-
lated function observed after cartilage repair procedures.!!
Patient 3, a 65-year-old woman, had the most extensive
pathology in the series with more than 5 cm? defect size,
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Table 3. Longitudinal Changes in KOOS Subscale Scores from Baseline to 6 Months

Patients KOOS subgroup Before surgery 1 month 3 months 6 months
Patient 1 Symptoms 40 48 65 80
Pain 35 50 70 85
ADL 45 60 80 92
Sport 25 35 50 65
Quality of Life 41 47.5 68.5 70
KOOS mean 37.2 48.1 66.7 78.4
Patient 2 Symptoms 38 45 62 75
Pain 32 50 70 88
ADL 42 55 75 90
Sport 28 38 55 68
Quality of Life 46 52.5 66 70
KOOS mean 37.2 48.1 65.6 78.2
Patient 3 Symptoms 35 55 70 80
Pain 30 60 75 85
ADL 40 65 85 95
Sport 31 50 55 65
Quality of Life 40 58 65 80
KOOS mean 35.2 57.6 70 81
Patient 4 Symptoms 45 55 70 85
Pain 40 58 75 90
ADL 50 62 80 95
Sport 42 45 60 70
Quality of Life 48 55 65 75
KOOS mean 45 55 70 83
Patient 5 Symptoms 70 75 80 92
Pain 65 78 85 95
ADL 75 80 88 98
Sport 60 65 72 80
Quality of Life 70 77 75 85
KOOS mean 68 75 80 90

Table 4. MOCART 2.0 MRI Scores at 6-Month Follow-Up

MOCART 2.0 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Volume Fill 15 20 15 20 20
Integration 10 5 10 10 15
Surface 10 5 10 10 10
Structure 5 5 5 5 10
Signal Intensity 10 5 10 10 10
Subchondral bone 5 5 5 5 5

Bony Overgrowth 5 0 5 5 5

Total MOCART score 60 45 60 65 75

severe delamination, and necrosis. This patient was treated an ADL of 95, at 6 months. This shows that age alone is
with debridement and BMS. Despite her severe initial con- not an absolute contraindication for BMS. However, stud-
dition, the patient achieved a KOOS score of 81, including ies show that age correlates with less favorable results after
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Figure 2. Preoperative MRI of Patient 1 demonstrating
localized chondromalacia of the medial femoral
condyle.

A. Coronal MRI view showing focal cartilage surface irregularity and softening of the
medial femoral condyle (upper arrow), with mild subchondral signal changes (lower ar-
row).

B. Sagittal MRI view demonstrating localized cartilage irregularity without full-thick-
ness defect (arrow) and subtle subchondral changes (arrow).

A. B.

Figure 3. Arthroscopic findings of Patient 1
demonstrating localized chondromalacia of the medial
femoral condyle.

A. Arthroscopic view showing focal cartilage softening and surface irregularity of the
medial femoral condyle (arrow) with early fraying of the cartilage surface (arrow).

B. Probing of the lesion demonstrating cartilage softening and instability (arrow) with
disruption of the superficial cartilage layer (arrow).

microfracture, explained by impaired chondrogenesis and
senescent chondrocyte phenotype in older patients.12

METHOD-SPECIFIC OUTCOMES
BONE MARROW STIMULATION

Patients 1 and 3 underwent BMS for small-to-moderate
contained chondral defects and achieved MOCART 2.0 total
scores of 60 at 6 months. Although the early results seem
to be promising, long-term outcomes should be considered
with caution. For example, a systematic review assessing
microfracture for medium to large chondral defects at a
mean 10-year follow-up showed a high rate of osteoarthri-
tis progression, low return-to-sport rates, and declining
outcomes over time, with failure and reoperation rates
ranging from 2.9% to 41%.° In addition, a comprehensive

Figure 4. Postoperative MRI of Patient 1 following
arthroscopic treatment with partial lateral
meniscectomy and bone marrow stimulation.

A. Coronal MRI view demonstrating mild irregularity of the articular surface of the me-
dial femoral condyle (arrow) with subtle subchondral remodeling changes (arrow) con-
sistent with postoperative findings.

B. Sagittal MRI view showing residual cartilage surface irregularity (arrow) and mild
subchondral signal changes reflecting postoperative remodeling after marrow stimula-
tion (arrow).

review of the evolution of microfracture techniques found
that the benefits of various BMS modifications are still not
widely understood, and comparative high-quality evidence
remains limited.13 At 6 months, the fibrocartilaginous re-
pair tissue generated by BMS is still in the process of mat-
uration, though definitive structural characterization re-
quires follow-up of at least 12—-24 months.14

OAT PROCEDURE

Patient 2, who underwent an OAT procedure, for a 4 cm?
full-thickness defect of the left medial femoral condyle,
achieved functional improvements with KOOS mean score
of 78.2 at 6 months comparable to the BMS group patients,
despite a significant lower MOCART 2.0 total score of 45.
This difference between clinical and radiological outcomes
at early follow-up is a recognized phenomenon in the car-
tilage repair literature.!> The reduced integration score (5
points) in Patient 2 likely reflects the early phase of graft-
to-host osseointegration rather than biological failure, as
hyaline cartilage plug integration is a dynamic process,
with progressive maturation demonstrated between 6 and
24 months postoperatively.1® Therefore, OAT procedure re-
mains a durable knee-preserving cartilage repair procedure
demonstrating sustained clinical improvement and accept-
able reoperation rates at long-term follow-up with system-
atic reviews reporting approximately 72% success and re-
operation rates around 19%.17 In this study, the medial
femoral condyle was the most common site of osteochon-
dral defect in four out of five patients, consistent with the
broader literature. For instance, in a comparative study, the
medial femoral condyle was affected in 74.2% of patients
with osteochondral defects versus 45.0% of patients with
chondral defects.18
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A. B.

Figure 5. Preoperative MRI of Patient 2 demonstrating a full-thickness chondral defect of the medial femoral

condyle.

A. Coronal MRI view showing a full-thickness cartilage defect of the medial femoral condyle (arrow) with exposure of the subchondral bone (arrow).
B. Sagittal MRI view demonstrating a well-defined full-thickness cartilage defect (arrow) with irregular margins and subchondral changes (arrow).
C. Axial MRI view confirming the extent of the lesion with associated subchondral bone edema (arrows).

Figure 6. Arthroscopic findings of Patient 2
demonstrating a full-thickness chondral defect of the
medial femoral condyle treated with osteochondral
autograft transplantation (OATS).

A. Arthroscopic view showing a full-thickness cartilage defect with exposed subchondral
bone and surrounding degenerative cartilage margins (arrows).

B. Preparation of the defect site with debridement and creation of a recipient bed for os-
teochondral grafts, demonstrating well-defined defect borders and subchondral bone ex-
posure (arrows).

OSTEOCHONDRAL FRAGMENT REFIXATION FOR OCD

Patients 4 and 5, who had fragment fixation procedure for
OCD, demonstrated the most favorable overall outcomes in
this series. Patient 4 received primary ORIF and demon-
strated a stable graft at 6-month revision assessment, with
a MOCART 2.0 score of 65 and a KOOS mean of 83. In addi-
tion, patient 5 had hybrid open fragment fixation, achiev-
ing the highest MOCART 2.0 score of 75 and KOOS mean
score of 90 in the entire cohort. These results are consistent
with published evidence on fragment preservations studies.
A long-term study of arthroscopic internal fixation for un-
stable OCD in skeletally immature patients demonstrated
higher healing and functional recovery, that supports the

effectiveness of this technique.l® The highest results ob-
served in these young patients are biologically explicable,
since skeletal maturity is recognized as a key prognostic
factor in knee dissection osteochondritis, while juvenile le-
sions tend to have better healing potential and more favor-
able outcomes compared to adult lesions.20

LIMITATIONS

Our study has several limitations. First, the sample size is
small (n=5), so this study should be interpreted as a pilot,
hypothesis-generating case series. It provides a foundation
for further research focusing on surgical decision-making
algorithms based on diverse lesion characteristics. The sec-
ond limitation is the short 6-month follow-up period. This
duration is insufficient to draw definitive conclusions re-
garding long-term durability, as the cartilage repair and
maturation process typically requires at least 24 months.
Consequently, these results should be considered prelimi-
nary. We are planning to continue the follow-up until the
24-month mark to obtain a more comprehensive clinical
and radiological picture.

CONCLUSION

The preliminary results of this case series suggest that a
simplified treatment algorithm based on reproducible, cost-
effective techniques such as bone marrow stimulation, os-
teochondral autograft transplantation, and fragment refix-
ation represents a feasible and clinically effective approach
for managing focal knee cartilage defects in real-world
practice. While all patients showed significant early clinical
and functional improvement, further long-term studies
with larger cohorts are necessary to validate the durability
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Figure 7. Postoperative MRI of Patient 2 following osteochondral autograft transplantation (OATS) of the medial

femoral condyle.

A. Coronal MRI view demonstrating restoration of the articular surface with osteochondral grafts (arrow) and integration at the graft-host interface (arrow).
B. Sagittal MRI view showing the osteochondral plugs within the defect area (arrow) with contour restoration of the articular surface (arrow).
C. Axial MRI view confirming graft positioning and integration with surrounding subchondral bone, with residual bone marrow edema consistent with postoperative changes (ar-

TOWS).

Figure 8. Preoperative MRI of Patient 3 demonstrating
extensive delamination and necrosis of the medial
femoral condyle.

A. Coronal MRI demonstrating extensive cartilage delamination with an irregular articu-
lar surface and associated subchondral changes (arrow).

B. Sagittal MRI view demonstrating extensive delamination and necrosis with irregular
surface (arrow) and subtle subchondral changes (arrow).

of these outcomes and the broad applicability of the pro-
posed selection criteria.
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A. B. C.

Figure 9. Arthroscopic findings of Patient 3 demonstrating extensive delamination and necrosis of the medial
femoral condyle.

A. Arthroscopic view showing focal cartilage softening and surface irregularity of the medial femoral condyle (arrow) with early fraying of the cartilage surface (arrow).
B. Probing of the lesion demonstrating cartilage softening and instability (arrow) with disruption of the superficial cartilage layer (arrow).

Figure 10. Postoperative MRI of Patient 3 following
arthroscopic treatment with partial lateral
meniscectomy and bone marrow stimulation.

A. Coronal MRI view demonstrating mild irregularity of the articular surface of the me-
dial femoral condyle (arrow) with subtle subchondral remodeling changes (arrow) con-
sistent with postoperative findings.

B. Sagittal MRI view showing residual cartilage surface irregularity (arrow) and mild
subchondral signal changes reflecting postoperative remodeling after marrow stimula-
tion (arrow).
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A. Sagittal B. Coronal C. Axial

Figure 11. Preoperative MRI of Patient 4 demonstrating osteochondritis dissecans of the femoral condyle.

A. Sagittal view showing a focal osteochondral lesion (arrow).
B. Coronal view demonstrating irregularity of the articular surface with subchondral involvement (arrow).
C. Axial view confirming the extent of the lesion (arrow).

Figure 12. Patient 4. Osteochondritis dissecans of the femoral condyle treated with primary fixation.

(A) Arthroscopic view demonstrating an unstable osteochondral fragment.
(B) Preparation of the lesion bed prior to fixation.
(C) Final intraoperative view after refixation showing restoration of the articular surface.
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A.

B. C.

Figure 13. Patient 4. Revision arthroscopy following failed fixation of osteochondritis dissecans.

(A) Arthroscopic view demonstrating retained fixation pins without a viable osteochondral fragment (arrows).

(B) Removal of biocomposite pins using a grasping instrument (arrow).
(C) Defect after removal of fixation devices and non-viable cartilage fragment (arrow).

A. B.

Figure 14. Patient 4. Microfracture procedure
following revision surgery for osteochondritis
dissecans.

(A) Arthroscopic view demonstrating the defect after removal of fixation devices and

non-viable cartilage.
(B) Microfracture of the subchondral bone with evidence of marrow stimulation (arrows).

A B.

Figure 15. MRI of Patient 5 demonstrating
osteochondral lesion of the medial patellar facet
before and after surgical fixation.

A. Preoperative axial MRI view showing an osteochondral lesion of the medial patellar
facet with a displaced/unstable fragment (arrow) and irregular articular surface (arrow).
B. Postoperative axial MRI view demonstrating restoration of the patellar articular sur-
face following fixation (arrow) with residual subchondral changes consistent with post-
operative remodeling (arrow).

Figure 16. Patient 5. Open fixation of an osteochondral
fragment of the medial patellar facet.

(A) Intraoperative view of the osteochondral defect prior to fixation.
(B) Reduced and stably fixed osteochondral fragment with restoration of the patellar ar-
ticular surface.
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