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Purpose: This study aimed to evaluate the effectiveness of microfracture augmentation in the intercondylar notch on healing
outcomes after arthroscopic meniscal repair, with stratification by meniscal tear type (bucket-handle vs longitudinal).

Background: Meniscal tears are common knee injuries with variable healing potential. Microfracture augmentation, which involves
small perforations in the intercondylar notch to release marrow elements, has been proposed as an adjunct to enhance meniscal repair.
However, the impact of this technique across different tear types remains under investigation.

Patients and Methods: In this retrospective cohort study, 173 patients aged 1840 years with isolated bucket-handle or longitudinal
meniscal tears undergoing arthroscopic repair were included. Patients were divided into two groups: microfracture-augmented repair (n = 87)
and non-microfracture repair without augmentation (n = 86). All surgeries were performed by a single senior orthopedic surgeon, and
postoperative rehabilitation protocols were standardized. Healing was assessed at 12 months using Barrett’s criteria, the Apley Grinding Test,
and clinical evaluation. Statistical analyses included chi-square tests, odds ratios, risk ratios, ROC curve analysis, and binary logistic regression
to evaluate associations between surgical technique, tear type, and postoperative outcomes.

Results: Microfracture augmentation was associated with significantly higher overall healing rates compared to non-microfracture repair
(88.5% vs 64.0%, p < 0.001). Stratified by tear type, microfracture had the greatest benefit in bucket-handle tears (79.4% vs 37.8%, p <
0.001; OR = 6.353, 95% CI: 2.275-17.737; RR = 3.022, 95% CI: 1.503-6.076), while healing rates were similar for longitudinal tears
between techniques (94.3% vs 92.7%, p = 0.745). Age, gender, and side of injury were not significant predictors of outcomes.
Conclusion: Microfracture augmentation enhances healing after arthroscopic meniscal repair, particularly in bucket-handle tears,
while longitudinal tear outcomes are favorable regardless of augmentation. These findings emphasize the importance of tear type in
guiding the choice of surgical technique.
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Introduction

Meniscal injury is the most frequent orthopedic injury, with 66 tears per 100,000 persons per annum.' The meniscus is
a vital part of the knee joint with a minimal blood supply and vital functional, biomechanical, and anatomical
consequences. 20 to 30% of the medial meniscus and 10 to 25% of the lateral meniscus in the peripheral parts have
a blood supply, and the remaining 70 to 75% are fed by diffusion. Tears in well-blood-supplied regions have considerably
better outcomes than avascular regions,” due to the lack of endogenous healing capacity and the avascular nature of the
tissue, which are a big challenge in repair and require augmentation methods.' Surgery is the primary treatment for most

meniscus tears.” Since the meniscus is a crucial structure for weight-bearing and its absence can lead to osteoarthritis and
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knee instability, its repair and preservation following injuries have become important issues in both research and clinical
practice. Therefore, all efforts are focused on preserving the meniscus.® Despite the the growing prevalence of meniscus
repair, about 95% of meniscal surgeries are still performed as partial meniscectomies. This trend may be attributed to
factors such as the longer recovery period associated with repair compared to meniscectomy, limited surgical expertise
and knowledge, higher failure rates of repair, and the elevated cost of the procedure-challenges that are particularly
pronounced in low-income countries.* Considering the importance of this topic, the phrase “save the meniscus” has been
mentioned in various articles and conferences.'**> The success rate of restoration is increasing with new techniques and
tools.* Studies have shown that meniscal repair, along with ACL (Anterior cruciate ligament) reconstruction, reduced the
Reoperation rate and revealed ideal clinical outcomes.® Hemarthrosis during ACL reconstruction leads to the accumula-
tion of growth factors, clot formation, and repair cells at the site of the meniscal tear, which stimulates meniscal healing
even in areas with poor vascularity. Therefore, meniscal repair with ACL reconstruction increased to a >90% successful
healing rate.” So, this principle paved the way for bone marrow stimulation.® Microfracture augmentation is one of the
new methods to increase the success of repair. This method is done by creating small holes in the subchondral bone, and
through it, growth factors, mesenchymal stem cells, blood cells, and vascular precursors accumulate in the joint,
stimulating the formation of fibrocartilage tissue, speeding up recovery, and reducing the rate of failure.® Recent studies
show that the microfracture augmentation enhances the healing rate. A study conducted by Howarth et al (2016) on goats
(Capra hircus) demonstrated that 65% of tears treated with microfracture augmentation showed complete healing.
Whereas, only 12% showed complete healing in non-microfracture augmentation group. This shows the significant
effect of microfracture augmentation on meniscus healing. Broader research on humans and societies is needed to
demonstrate the effectiveness.’ This procedure is promising for meniscus repair but needs more research.® Another study
conducted by Sakti et al (2024) showed that microfracture augmentation in the wall of the femoral condyle has a positive
effect on meniscus repair and has better functional recovery with a significant healing rate of 35.7%.'°

Despite these promising results, there is limited evidence on the effectiveness of this technique in low-resource
settings like Afghanistan. Factors such as surgical techniques, rehabilitation protocols, and patient compliance may vary,
potentially influencing the success of the procedure. This represents a critical population gap in the literature.

This retrospective cohort study aims to evaluate the success rate of meniscal healing in Afghan patients who
underwent arthroscopic meniscal repair, comparing those treated with microfracture augmentation to those who received
isolated meniscal repair. The findings will help determine whether this technique offers similar benefits in a low-resource
clinical context.

Materials and Methods
Study Design and Setting

This retrospective cohort study was conducted at Ariana Medical Complex, a tertiary-level orthopedic center in
Afghanistan. The medical records of patients who underwent arthroscopic meniscal repair for isolated meniscal tears
between January 2021 and December 2023 were systematically reviewed.

Study Population and Eligibility Criteria
Patients were divided into two groups based on whether microfracture augmentation had been performed: those who
received meniscal repair with microfracture augmentation and those who underwent isolated meniscal repair without
microfracture augmentation. Initially, the non-microfracture augmentation repair technique was utilized; later, the
protocol was shifted to include microfracture augmentation. This study retrospectively analyzed data from these two
consecutive patient groups to compare the effectiveness of meniscal repair with and without microfracture augmentation.
All procedures were performed by a single senior orthopedic surgeon following identical surgical steps and postoperative
rehabilitation protocols to maintain consistency across both groups.

The study included patients aged 18—40 years with confirmed isolated bucket-handle and longitudinal meniscal tears
treated through arthroscopic repair. Exclusion criteria comprised concomitant ligament injuries, previous open knee
surgery, history of prior knee surgery, other types of tears, or age outside the specified range (Figure 1).
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Patients assessed for
eligibility, (n=200)

Excluded (n=27):
Patients did not
attend follow-up

Final inclusion (n=173)

Exposed group (n=87): Non-exposed group
patients undergoing (n=86): patients did not
microfracture receive microfracture
augmentation. augmentation.
All 87 cases in exposed All 86 cases in non-
group entered the result exposed group entered
analysis. the result analysis.

Figure | Flowchart of patient exclusion, inclusion and analysis.

Surgical Technique and Postoperative Rehabilitation Protocol

All procedures were conducted under spinal anesthesia using the inside-out technique for meniscal repair. In this study,
the microfracture augmentation refers to small perforations in the intercondylar notch to release marrow elements
enhancing meniscal repair. In the microfracture augmentation group, microfracture augmentation was performed in
some patients using a microfracture awl at 45° in the intercondylar notch adjacent to ACL (Anterior cruciate ligament)
and PCL (Posterior cruciate ligament) origin. In each case, about 10 holes were made to a depth of 3—4 mm. In some
patients, the same procedure was performed using a 1.2 mm Kirschner wire under low rotational speed and continuous
saline irrigation to minimize thermal necrosis. Seven holes were made at the same angle but to a depth of 2-4 mm to
prevent excessive thermal damage while maintaining marrow access. In both methods, the distance between the holes
was approximately 2—3 mm, and penetration into the bone marrow was confirmed by observing the effusion fat droplets
and marrow bleeding, according to the recommendations of the Steadman et al.''

Postoperative care followed a standardized rehabilitation protocol. During the first three weeks, the knee was
immobilized in a full extension using a brace, and the patient was completely non-weight-bearing for the first two
weeks. Partial weight-bearing was gradually initiated during weeks 3—4. Progressing to full weight-bearing by the end of
the first month after surgery. Isometric quadriceps exercise and active straight-leg raising were recommended from the
early postoperative period to prevent muscle atrophy. During the second postoperative month, patients were allowed to
begin active and passive range-of-motion (ROM) exercises and achieve approximately 45° of knee flexion. After three
months, patients were referred to physiotherapy for quadriceps and hamstring strengthening exercises and joint stability
exercises. A concise summary of the postoperative rehabilitation protocol is provided in Table 1 for greater clarity.

All the patients underwent perioperative MRI (0.2-0.4 Tesla) to evaluate meniscus injury. However, MRI confirmed
about 41.0% of the cases. For the patients with negative MRI the decision to proceed with surgery was based on physical
examination and clinical evaluation. Outcome assessment occurred after 12-month follow-up period. Postoperative
evaluation incorporated Barrett’s criteria and the Apley Grinding Test, with healing defined by the absence of joint
line tenderness, effusion, mechanical locking, and a negative McMurray test. Cases exhibiting any of these clinical signs
or requiring reoperation were classified as treatment failures.
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Table | Postoperative Rehabilitation Protocol

Time Activity

0-3 weeks | Discharged with the knee in extension
Brace for 3 weeks

Isometric quadriceps exercise

Active straight leg raise

Avoid squatting

4™ week Partial weight bearing
Continue quadriceps and hamstring strengthening exercises
Avoid squatting

2" Month | Full weight bearing
Knee passive ROM
Active ROM
Gaining full ROM

3" Month Referred to physiotherapy for quadriceps and hamstring strengthening exercises
and joint stability exercises
Allowed/cautions squat

Knee balancing

6™ Month | Jogging

Running

9" Month | Jumping
Twisting
Drilling

12*" Month | Final Assessment

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics (version 26; IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as means + standard deviation (SD), and categorical variables as frequencies and percentages.

Associations between surgical technique, tear type, side of injury, gender, and postoperative outcomes (healing vs
reoperation) were evaluated using the Pearson chi-square (x?) test, with Phi and Cramer’s V values reported as measures
of effect size. Crude odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the likelihood of
reoperation between groups, and cohort-specific risk ratios (RRs) were computed to assess the relative probability of
reoperation and healing for each technique.

A post-hoc power analysis was conducted to verify whether the achieved sample size provided >80% power to detect
the observed effect sizes across tear types and surgical techniques. Receiver Operating Characteristic (ROC) curve
analysis was performed to evaluate the predictive value of age for postoperative healing, with the area under the curve
(AUC) and Youden’s index reported.

Binary logistic regression was used to examine the independent association between age and postoperative healing
within surgical subgroups and tear types. Model fit was assessed using the chi-square goodness-of-fit test and Nagelkerke

R%. A p-value < 0.05 was considered statistically significant.

Ethics Approval

The study was approved by the Institutional Review Board of Ariana Medical Complex with approval number (AF, AMC,
IRB, REC 02, 25/12/2024). Informed consent was waived because of the retrospective nature of this study. Access to the data
was restricted to the researchers. The confidentiality of all patients was protected, and no names or medical record numbers
were used. Privacy and confidentiality were assured. The study was carried out following the Declaration of Helsinki.
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Results

A total of 173 patients completed the 12-month follow-up period, achieving a follow-up rate of 86.5%. Of these, 15%
were female and 85% male. The mean age was 25.47 + 5.86 years (range: 18—40) in the non-microfracture group and
26.32 + 6.06 years in the microfracture augmentation group. Patients in the non-microfracture group underwent meniscal
repair without microfracture augmentation, whereas those in the microfracture augmentation group received meniscal
repair combined with microfracture augmentation. Overall, 94 patients (54.3%) presented with longitudinal tears and 79
(45.6%) with bucket-handle tears (Table 2).

Of the 87 patients treated with microfracture augmentation, 77 (88.5%) achieved complete healing and returned to
their pre-injury functional level, while 10 (11.5%) experienced failure requiring reoperation. In comparison, among the
86 patients treated without microfracture augmentation, 55 (64.0%) healed successfully and 31 (36.0%) underwent
reoperation. This difference in healing outcomes between the two techniques was statistically significant (x> = 14.417,
p < 0.001), demonstrating a clear advantage of the microfracture-augmented procedure.

A strong and significant association was also found between the type of tear and postoperative outcome (x° = 34.135,
p = 0.003). Healing was achieved in 93.6% (88/94) of patients with longitudinal tears, whereas only 55.7% (44/79) of

Table 2 Baseline Characteristics of Patients According to Microfracture Augmentation Status

Variable Total Sample n (%) | Non-Microfracture | Microfracture Augmented
(n = 86) (n =87)
Age (18-40) 2547 £ 5.86 26.32 + 6.06
Gender
Female 26 (15.0%) 12 (14.0%) 14 (16.1%)
Male 147 (85.0%) 74 (86.0%) 73 (83.9%)
Total 173 (100%) 86 (100.0%) 87 (100.0%)
Tear type
Longitudinal 94 (54.3%) 41 (47.7%) 53 (60.9%)
Bucket-Handle 79 (45.7%) 45 (52.3%) 34 (39.1%)
Total 173 (100%) 86 (100.0%) 87 (100.0%)

Side of injury

Right 102 (59.0%) 48 (55.8%) 54 (62.1%)
Left 71 (41.0%) 38 (44.2%) 33 (37.9%)
Total 173 (100%) 86 (100.0%) 87 (100.0%)

MRI findings of the Tear

Negative 102 (59.0%) 50 (58.1%) 52 (59.8%)

Positive 71 (41.0%) 36 (41.9%) 35 (40.2%)

Total 173 (100%) 86 (100.0%) 87 (100.0%)
Outcomes

Healed 132 (76.3%) 55 (64.0%) 77 (88.5%)

Reoperation 41 (23.7%) 31 (36.0%) 10 (11.5%)

Total 173 (100%) 86 (100.0%) 87 (100.0%)
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patients with bucket-handle tears healed successfully. Conversely, failure occurred in 44.3% (35/79) of bucket-handle
tears, underscoring the greater complexity and poorer prognosis of this tear type compared with longitudinal tears.

Among patients with longitudinal tears (n = 94), 38 of 41 patients (92.7%) in the non-microfracture group achieved
complete healing, while 3 (7.3%) required reoperation. In the microfracture-augmented group, 50 of 53 patients (94.3%)
healed, and 3 (5.7%) required reoperation. The difference between the two techniques was not statistically significant (y*
(1) = 0.106, p = 0.745).

Post-hoc power analysis revealed a very small effect size (Cohen’s h = 0.094) and an observed power of only 15%,
indicating that the two techniques produced nearly identical healing rates and that the sample size was insufficient to
detect minor differences (Table 3).

In patients with bucket-handle tears (n = 79), a striking difference was observed between the two surgical approaches.
In the non-microfracture group, 17 of 45 patients (37.8%) healed, while 28 (62.2%) required reoperation. Conversely, in
the microfracture-augmented group, 27 of 34 patients (79.4%) healed, and only 7 (20.6%) required reoperation. This
difference was highly significant (x*(1) = 13.605, p < 0.001), with a moderate-to-strong association between technique
and outcome (@ = 0.415, Cramer’s V = 0.415, p < 0.001).

The odds of reoperation were markedly higher in the non-microfracture group (OR = 6.353, 95% CI: 2.275-17.737).
Cohort-specific estimates revealed that non-microfracture patients had a threefold greater risk of reoperation (RR = 3.022,
95% CI: 1.503-6.076) and a significantly reduced likelihood of healing (RR = 0.476, 95% CI: 0.315-0.718).

Post-hoc power analysis confirmed a large effect size (Cohen’s h = 0.874) and nearly 100% statistical power,
reinforcing the robustness of the observed difference in outcomes between techniques for bucket-handle tears.

Receiver Operating Characteristic (ROC) curve analysis was used to evaluate the predictive value of age for postoperative
healing. When analyzed across all patients, the area under the curve (AUC) was 0.309 for the non-microfracture group and
0.456 for the microfracture group, indicating that age was not a reliable predictor of surgical outcome.

Among patients with longitudinal tears, the AUC values were 0.654 (non-microfracture) and 0.623 (microfracture-
augmented), suggesting poor-to-fair discrimination. ROC coordinate analysis indicated that younger patients (< 20 years)
tended to exhibit slightly higher sensitivity for healing (62—78%), but specificity remained modest (33—67%). Based on
Youden’s index, an approximate cutoff of 19-20 years offered the best balance between sensitivity and specificity for
both microfracture augmentation and non-microfracture technique group. However, the low AUC values emphasize that
age alone is a weak prognostic factor.

In bucket-handle tears, ROC curves yielded AUC values of 0.477 and 0.481 for non-microfracture and microfracture-
augmented groups, respectively, demonstrating that age did not meaningfully influence healing in this tear type. No clear
age threshold could effectively differentiate healed from reoperated patients with different repair techniques.

Binary logistic regression was performed further to assess the relationship between age and healing outcomes. In the non-
microfracture group, the model was statistically significant (x*(1) = 5.64, p = 0.018), explaining 6.3—8.7% of the variance in

Table 3 Comparison of Healing Outcomes Between Microfracture-Augmented and Non-Microfracture Meniscal Repairs Stratified by

Tear Type
Tear Type Surgical Healed n (%) | Reoperation ¥* (df) | p-value | Effect Size Odds Ratio Cohen’s h | Observed
Technique n (%) (®/Cramer’s V) | (95% CI) Power (%)
Longitudinal Non-Microfracture | 38 (92.7%) 3 (7.3%) 0.106 0.745 0.034 0.74 (0.17-3.11) 0.094 15
(n=94) (n = 41)
Microfracture 50 (94.3%) 3 (5.7%) — — — Reference — —
(n=53)
Bucket-Handle | Non-Microfracture | 17 (37.8%) 28 (62.2%) 13.605 | <0.001 0.415 6.35 (2.28-17.74) | 0.874 ~100
(n=179) (n = 45)
Microfracture 27 (79.4%) 7 (20.6%) —_ —_ —_ Reference —_ —_
(n = 34)

Notes: x> = Chi-square test of independence; ®/Cramer’s V = effect size; p < 0.05 considered statistically significant. Healing was defined as complete functional recovery at
12-month follow-up.
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Table 4 Logistic Regression Analysis of Age as a Predictor of Healing Outcome

Group B SE Wald | p-value | OR (95% CL) Negelkerke R?

Non-microfracture Bucket-handle tear repair —0.011 | 0.058 | 0.036 | 0.850 0.989 (0.88-1.11) | 0.001

Microfracture augmented Bucket-handle tear repair | —0.018 | 0.078 | 0.052 | 0.820 0.982 (0.84-1.15) | 0.002

Non-microfracture Longitudinal tear repair 0.201 0.216 | 0.865 | 0.352 1.223 (0.80-1.87) | 0.073

Microfracture augmented Longitudinal tear repair 0.130 0.147 | 0.778 | 0.378 1.138 0.052

outcome. Increasing age was associated with a decreased likelihood of healing (B =-0.093, p=0.022, OR =0.911), indicating
that each additional year of age reduced the odds of successful healing by approximately 8.9%. In the microfracture-
augmented group, age was not a significant predictor (x*(1) = 0.42, p = 0.515; OR = 0.965), and the model accounted for
less than 1% of the variance.

When analyzed by tear type, age remained a nonsignificant predictor in both longitudinal and bucket-handle
subgroups (all p > 0.30). The models had limited explanatory power (Nagelkerke R* < 0.08) and poor classification
accuracy, reinforcing that age alone does not independently predict postoperative healing (Table 4).

Neither gender nor side of injury demonstrated any statistically significant association with healing outcomes in either group.

Discussion

This study uncovered substantial clinical outcomes, a significant difference in the healing rates of meniscus repair in the
microfracture augmentation group compared to the non-microfracture group at a 12-month follow-up. In the micro-
fracture augmentation group, the meniscus healing was higher, 88.5%, compared to the non-microfracture group, 64.0%
without considering the tear types. The overall results in our study are similar to previous studies, which have shown
improved healing from 35.7% to 100.0% in healing rate with microfracture augmentation.'®'*'> Howarth et al conducted
a study on goats and examined both longitudinal and transverse tears with and without microfracture. After 6 months of
follow-up, meniscal tears healed in 87% of menisci treated with bone marrow-stimulating microfracture, compared with
only 29% of those without microfracture. Sakti et al, Sakti conducted a study on meniscal tears in the red-white zone
reported better meniscal healing outcomes in the microfracture augmentation group (p = 0.001), 35.7% in comparison to
0% the group did not received microfracture augmentation.'® In addition, a randomized controlled trial by Kaminski et al
reported a 100.0% healing rate with 6 to 7 microfracture augmentation holes in the intercondylar notch in 23 patients
with better functional outcomes and pain levels.'?

In the current study, we showed a failure rate of 11.5% in our microfracture augmentation group, which was comparable to
the study of Dean et al applied intercondylar notch marrow venting augmentation with isolated meniscus repair and
represented a 12.9% failure rate, which was a similar failure rate to meniscus repair with concomitant ACL repair.'® This
result emphasizes the potential effect and importance of the microfracture augmentation technique in meniscal healing.

In our study, the clinical outcomes were significantly associated with the type of meniscal tear. The bucket-handle
meniscal repair failure rate ranges from 0%,'*'® up to 75%.'” However, in our study, we found a 44.3% failure rate for
bucket-handle meniscal tears. Our finding was comparable to Krych et al, who demonstrated a 38% isolated meniscal
repair failure rate.'® A meta-analysis study represented a higher risk of failure for bucket-handle meniscal repair than
longitudinal tears.'® On the other hand, our study showed microfracture augmentation has a potential role in the healing
rate of complex tears as bucket-handle tears, which present challenges such as reduced vascularity and large displace-
ment for healing. In contrast, among patients with longitudinal tears, healing rates were high in both groups with no
statistically significant difference between techniques. These findings are supported by those of Screpis et al, who
reported that longitudinal meniscal tears have excellent biological potential for healing, with a healing rate exceeding
90%.2° Moreover, globally, the longitudinal tear failure rate is lower (6-28%) with or without ACL reconstruction.”' In
our study age showed a minor influence on healing outcomes, as evidenced by low AUC values in ROC analysis and
nonsignificant results in regression analysis. We found a slightly higher sensitivity for healing among younger ages, but it
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was not an independent determinant of outcome. Our finding is close to that of Rothermel et al, who reported that age
alone is not an independent predictor of meniscal repair failure, and no significant difference in failure rate was found
between younger and older age groups.*?

The microfracture augmentation technique was used based on the technique described by Steadman.'' It is one of the
new methods to increase the success of repair by creating small holes in the subchondral bone, and through it, growth
factors, mesenchymal stem cells, blood cells, and vascular precursors accumulate in the joint, stimulating the formation
of fibrocartilage tissue, speeding up recovery, and reducing the rate of failure. We used the inside-out technique for all
meniscal repairs. Although surgeons prefer the all-inside technique more due to the invention of advanced techniques, the
inside-out is still the gold standard for meniscal repair, more economical, and advantageous.****

Meniscus repair with marrow venting augmentation is recommended as the best treatment option for young patients who
have suffered an isolated meniscus tear because it is cost-effective and results in a higher number of quality-adjusted life
years.** Loss to follow-up is a significant challenge to the validity and reliability of study findings and can lead to bias.
Epidemiologists suggested multiple acceptable follow-up rates, from 50% as sufficient to 70% as very good or 80% as
optimal.® Thus, our study’s 86.5% follow-up rate is ideal and ensures that the findings are less influenced by attrition bias. Our
study has several notable strengths. First, it includes a relatively large number of cases, enhancing the reliability of the
findings. Second, microfracture augmentation was performed using both an awl and a Kirschner wire, which are cost-
effective, widely available, and do not require additional specialized skills or novel arthroscopic devices. Third, all procedures
were conducted by a single senior orthopedic surgeon with extensive experience in arthroscopic techniques, ensuring
consistency in both surgical execution and follow-up evaluation. Finally, the study specifically evaluates the effectiveness
of microfracture augmentation across different tear types, allowing for a more nuanced understanding of its clinical benefits.

We recommend conducting further large-scale, randomized controlled trials with standardized microfracture aug-
mentation protocols and long-term follow-up to validate our findings. As a cost-effective and low-risk adjunct, micro-
fracture augmentation has the potential to improve patient outcomes and satisfaction. Orthopedic surgeons should
consider incorporating microfracture augmentation into clinical practice and ensure that future surgeons are trained in
evidence-based techniques. This study is intended to serve as a reference and foundation for future research, particularly
on the role of microfracture augmentation in meniscal repair.

Limitations
Although these findings provide valuable insights, this study has several limitations. This study had a retrospective
design, which has a lower degree of evidence than that of randomized clinical trials and prospective studies. In addition,
the study had a short duration of follow-up which may have affected the result but it provides sufficient time to evaluate
clinical outcomes after meniscal repair as reported in previous studies.'® Further research with longer follow-ups is
needed to support the findings of this study. This study focused on only two types of tears longitudinal and bucket-
handle, future research should investigate further tear types to provide more insights. Furthermore, we did not utilize
knee-specific score or PROMIS and a second-look arthroscopy or repeat advanced imaging like MRI for healing
assessment. Further studies are needed to fill this gap by utilizing knee-specific scoring system, MRI, and second look
arthroscopy for the assessment of post-surgical outcomes.

However, we evaluated all the patients clinically and with physical examination. Failure was defined as reoperation
with meniscectomy or revision meniscal repair. Barrett’s criteria and physical examination are more favored, non-
invasive, and free of charge in postoperative recovery measurement and follow-up.”®

Conclusion

The primary aim of this study was to evaluate the effect of microfracture augmentation on healing outcomes in patients
undergoing repair of longitudinal and bucket-handle meniscal tears. Microfracture augmentation significantly improved
healing and reduced reoperation rates in bucket-handle tears, whereas outcomes were comparable between techniques in
longitudinal tears. These findings suggest that microfracture augmentation enhances meniscal repair by releasing bone
marrow elements at the repair site, serving as an effective biological augmentation method to promote tissue healing.
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