Am J Transl Res 2025;17(9):6896-6908
www.ajtr.org /ISSN:1943-8141/AJTR0167204

Original Article

Impact of surgical timing on

meniscal healing and knee function recovery

in patients undergoing arthroscopic meniscal repair

Shuo Ge?", Jixiang Shi'*, Renjie Lu?, Shaoyang Liu, Qingge Fu*

1Department of Orthopaedics, Putuo Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai
200062, China; ?Department of Rehabilitation Medicine, Longhua Hospital Affiliated to Shanghai University of
Traditional Chinese Medicine, Shanghai 200032, China. *"Equal contributors and co-first authors.

Received July 3, 2025; Accepted July 31, 2025; Epub September 15, 2025; Published September 30, 2025

Abstract: Objective: To evaluate the effect of surgical timing on meniscal healing, knee function recovery, and ad-
verse events in patients undergoing arthroscopic meniscal repair. Methods: A retrospective study of 260 patients
treated at Putuo Hospital between February 2020 and August 2024 was conducted. Patients were divided into
an early surgery group (<4 weeks, n=148) and a late surgery group (>4 weeks, n=112). Data from electronic re-
cords and follow-up notes included baseline characteristics (age, gender, BMI), surgical indicators (operation time,
hospital stay, costs), healing status assessed by 6-month postoperative MRI (complete, partial, or non-healing),
functional scores (Lysholm, Tegner, International Knee Documentation Committee (IKDC)), VAS pain levels, adverse
events, and prognosis. Statistical analysis included chi-square tests, t-tests, Mann-Whitney U tests, repeated mea-
sures ANOVA, and logistic regression, with interaction analysis examining the effects of age, BMI, and surgical
timing. Results: The early surgery group showed significantly higher rates of complete healing (66.22% vs. 43.75%,
P<0.001) and overall healing (93.92% vs. 85.71%, P=0.026), with lower non-healing rates (6.08% vs. 14.29%) com-
pared to the late surgery group. At 3 and 6 months post-surgery, the early group exhibited better Lysholm, Tegner,
and IKDC scores, along with lower Visual Analog Scale (VAS) pain scores (all P<0.001). Logistic regression identified
surgical timing (OR=0.054, 95% Cl: 0.024-0.111, P<0.001), age (OR=0.22, 95% Cl: 0.107-0.429, P<0.001), and
BMI (OR=0.266, 95% Cl: 0.135-0.507, P<0.001) as risk factors for poor recovery, with interaction analysis revealing
significant effects of surgical timing (P<0.001) and age (P=0.006). Conclusion: Early surgery (<4 weeks) significantly
improves healing rates, enhances knee function, and reduces pain, without increasing adverse events. Our findings
highlight surgical timing, age, and BMI as key predictors of recovery outcomes, with early intervention resulting in
marked functional improvements.
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Introduction

Meniscal injuries are among the most common
sports-related orthopedic conditions, frequent-
ly affecting athletes, young individuals, and
elderly patients with degenerative changes [1].
As a crucial cartilaginous structure in the knee,
the meniscus plays a vital role in load distribu-
tion, joint stability, and motion support. Re-
search by Hanna et al. [2] highlights that menis-
cal repair, compared to partial meniscectomy,
better preserves joint function and reduces the
risk of long-term osteoarthritis, emphasizing
the importance of preservation strategies in
modern treatments. However, these injuries

often result in pain, swelling, limited mobility,
and secondary osteoarthritis, significantly im-
pacting patients’ quality of life and athletic per-
formance [3]. Arthroscopic meniscal repair has
become the preferred treatment due to its mini-
mally invasive nature, rapid recovery, and effec-
tive outcomes [4]. Our clinical observations
indicate that repair techniques are more effe-
ctive in preserving meniscal tissue than
traditional meniscectomy, reducing long-term
complications [5]. Despite these advance-
ments, surgical timing varies, with some pa-
tients delaying intervention due to initial con-
servative management or unrecognized symp-
tom severity [6]. Does early surgery reduce tis-
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sue degeneration and secondary damage?
Could delayed surgery impair healing due to
reduced repair capacity? Current evidence on
the impact of surgical timing on patient out-
comes is limited, making this investigation clini-
cally important.

Recent studies, both domestic and interna-
tional, have extensively explored arthroscopic
meniscal repair, focusing on surgical tech-
niques, suture materials, and postoperative
rehabilitation [7]. Data show that 55.9% of
young athletes undergoing acute repair achie-
ved complete healing at 6 months, with signifi-
cant improvements in functional scores such
as the International Knee Documentation
Committee Subjective Knee Form (IKDC) and
Lysholm [8]. However, the prolonged healing
process suggests that early intervention may
be crucial for high-demand groups. Neverthe-
less, studies on the effect of surgical timing on
healing, knee function, and complications (e.g.,
joint effusion, infection, revision surgery) are
limited. Existing research lacks standardized
timing definitions, large sample sizes, and
comprehensive analyses of functional scores
(Lysholm, Tegner, IKDC) and pain scores (Visual
Analog Scale, VAS). Additionally, the interac-
tions between patient factors such as age and
body mass index (BMI) with surgical timing
remain underexplored. A systematic review and
meta-analysis on anterior cruciate ligament
(ACL) and multiligament knee injuries (MLKI)
found no significant differences in outcomes
with early surgery (within 3-6 weeks) for isolat-
ed ACL injuries. However, early intervention in
MLKI cases was associated with lower menis-
cal and cartilage damage. Although not focused
on meniscal repair, these findings provide indi-
rect insights. Comprehensive research on sur-
gical timing in meniscal repair remains scarce.

This study aims to systematically evaluate how
different surgical timings affect meniscal heal-
ing rates, knee function recovery, and adverse
events in patients undergoing arthroscopic
repair. By analyzing baseline characteristics
across groups, we compared postoperative
healing rates (complete, partial, non-healing)
and surgical indicators (operative time, hospital
stay, costs). We also assessed functional recov-
ery at 3 and 6 months using Lysholm, Tegner,
IKDC, and VAS scores, as well as the incidence
of adverse events (joint effusion, swelling/pain,
infection, revision surgery). Additionally, univari-
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ate and multivariate logistic regression, along
with interaction analysis, will identify risk fac-
tors and explore the combined effects of age,
BMI, and surgical timing on recovery outco-
mes.

Methods and materials
Sample size calculation

The sample size was determined based on
IKDC scores (mean difference of 2.77, standard
deviation ~4) and Lysholm scores (mean differ-
ence of 2.61, standard deviation ~4) from Shen
et al’s [10] meta-analysis. Using a two-sided
a=0.05, a 1:1 group design, and 90% power,
we calculated that each group needed 44
cases (IKDC) or 50 cases (Lysholm) to detect
differences between early and delayed anterior
cruciate ligament reconstruction.

General information

We retrospectively reviewed arthroscopic
meniscal repair cases from Putuo Hospital
between February 2020 and August 2024,
based on inclusion criteria: confirmed meniscal
injury diagnosed via magnetic resonance imag-
ing (MRI) or clinical examination, suitable for
arthroscopic repair [1]; patients who underwent
the procedure; complete follow-up and clinical
data; and precise injury timing from medical
records or patient reports. Exclusion criteria
included: severe intra-articular injuries (e.g.,
significant cartilage defects, fractures); prior
meniscal or knee surgeries (e.g., ligament
reconstruction); severe systemic conditions
(e.g., active infection, malignancy, uncontrolled
autoimmune diseases) affecting healing or
recovery; and pregnant or breastfeeding
females.

A total of 260 patients were enrolled, divided
into an early group (surgical timing <4 weeks,
n=148) and a late group (>4 weeks, n=112)
based on the injury-to-surgery interval. The
study was approved by Putuo Hospital's medi-
cal ethics committee.

Treatment protocol

The arthroscopic repair protocol began with
MRI and preoperative blood tests on admission
to confirm meniscal tears and concomitant inju-
ries, followed by surgery the next day. Spinal
anesthesia (spinal block) was preferred, though
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Figure 1. Arthroscopic images of meniscal repair using inside-out suturing technique. A (Preoperative): Shows the
preoperative condition of the meniscus with a visible tear prior to repair. B (Postoperative): Displays the postopera-
tive condition of the meniscus, demonstrating the sutured repair with stitches in place.

general anesthesia was used when necessary.
The inside-out suture technique (Figure 1) was
employed, with intraoperative management of
proliferative synovium, loose bodies, or micro-
fracture procedures, and routine platelet-rich
plasma (PRP) injection before closure to en-
hance healing. Postoperatively, elastic bandag-
ing from ankle to thigh, low-molecular-weight
heparin for anticoagulation, and exercises
(knee flexion-extension, ankle pump, quadri-
ceps isometric contractions) were initiated on
day one. Patients used knee braces and crutch-
es, avoiding full weight-bearing. Follow-up at 6
weeks assessed recovery, guided crutch dis-
continuation, and further monitoring.

Clinical data collection

Data were collected from electronic medical
records and outpatient follow-up systems,
including baseline characteristics (age =45 or
<45 years, gender, BMI 224 or <24 kg/m?,
affected side, tear location, diabetes, hyperten-
sion, smoking, alcohol use, concomitant ACL/
PCL injuries); surgical indicators (operative time
in minutes, hospital stay in days, costs in yuan);
healing status (complete, partial, non-healing,
overall healing rates); functional scores (preop-
erative, 3- and 6-month postoperative Lysholm,
Tegner, IKDC); pain scores (preoperative, 3-
and 6-month postoperative VAS); adverse
events (joint effusion, swelling/pain, infection,
revision surgery); prognosis (Lysholm =90 and
IKDC >85 for good recovery); and risk factor
analysis (univariate/multivariate logistic regres-
sion for surgical timing, age, BMI, etc.), includ-
ing interaction effects of age, BMI, and timing.
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Data were extracted from admission records
and follow-up at 1-2 weeks and 6 weeks to
ensure accuracy and completeness.

Functional score definitions

Lysholm knee scoring [11] assesses knee func-
tion post-ligament injuries, ranging from O to
100, with higher scores indicating better func-
tion (95-100 excellent, 84-94 good, 65-83 fair,
<65 poor).

Tegner activity scoring [12] measures daily
activity and exercise capacity post-sports inju-
ry, ranging from O to 10 (10 for competitive
sports, O for bed confinement).

IKDC subjective scoring [13] evaluates knee
symptoms and function, scored from O to 100,
with higher values reflecting better outcomes.

VAS scoring [14] gauges pain intensity, ranging
from O to 10 (0= no pain, 10= extreme pain).

Meniscal healing definition

Healing status at 6 months was evaluated
using MRI, based on Stoller grading criteria
[15]: (1) Complete healing: No grade Il signals
on all planes. (2) Partial healing: Grade Il sig-
nals on 1-2 planes. (3) Non-healing: Grade llI
signals on >3 planes (Figure 2). (4) Healing rate
was calculated as (complete + partial cases)/
total cases.

Poor functional recovery definition

Recovery at 6 months was assessed using
Lysholm and IKDC scores. Poor recovery was

Am J Transl Res 2025;17(9):6896-6908



Surgical timing effect on meniscal healing and knee function

Figure 2. MRI Evaluation of meniscal healing status. A (Preoperative - Sagittal View): Shows the preoperative sagittal
MRI image, highlighting the tear in the medial meniscus. B (Preoperative - Coronal View): Displays the preoperative
coronal MRI image, further detailing the meniscal tear. C (Postoperative - Sagittal View): Shows the postoperative
sagittal MRI image, indicating the healing status of the meniscus. D (Postoperative - Coronal View): Displays the
postoperative coronal MRl image, demonstrating the repaired meniscus condition. Note: MRI: Magnetic Resonance
Imaging.

defined as failing to meet both Lysholm =90
and IKDC >85. Tegner scores were excluded
due to their variability, influenced by lifestyle
and occupation, while Lysholm and IKDC pro-
vide consistent, objective, and subjective
insights into recovery.

Outcome measurements

The primary outcomes examined the effects of
surgical timing (early <4 weeks vs late >4
weeks) on healing rates (complete, partial, non-
healing, overall) and knee function recovery
(preoperative, 3-month, and 6-month Lysholm,
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Tegner, and IKDC scores), including proportions
of good (Lysholm >90, IKDC >85) and poor
recovery. Secondary outcomes included com-
parisons of VAS pain scores, operative time,
hospital stay, costs, adverse event rates (effu-
sion, swelling/pain, infection, revision surgery),
and analysis of risk factors (surgical timing,
age, BMI) and interaction effects on recovery
via logistic regression.

Statistical analysis

Statistical analyses were performed using
SPSS 26.0 and R 4.3.3. Categorical data (e.g.,
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baseline characteristics, healing, events) were
compared using chi-square tests (with continu-
ity correction or Fisher’s exact test when need-
ed) and expressed as frequencies and percent-
ages. Normality of continuous data was tested
using the Kolmogorov-Smirnov test. Normally
distributed data (e.g., operative time, Lysholm,
IKDC) were presented as mean + SD and ana-
lyzed using t-tests. Non-normal data (e.g., hos-
pital stay, Tegner, VAS) were presented as
median and interquartile range and analyzed
using Mann-Whitney U tests. Repeated mea-
sures ANOVA assessed functional and VAS
scores over time (preoperative, 3-month, and
6-month), with Bonferroni corrections for nor-
mal data and Dunnett’s test for non-normal
data. Multicollinearity was assessed using the
variance inflation factor (VIF) in R’s car pack-
age. Logistic regression (using the readr,
broom, dplyr, and pROC packages) and interac-
tion analysis (using the rms, cowplot, ggplot2,
and visreg packages) were employed to evalu-
ate the effects of surgical timing, age, and BMI
on recovery. All tests were two-sided, with
P<0.05 considered statistically significant.

Results
Comparison of baseline characteristics

Analysis of baseline characteristics showed no
significant differences between the early and
late surgery groups in terms of age, gender,
BMI, affected side, tear location, history of dia-
betes, hypertension, smoking, alcohol con-
sumption, and concomitant ACL and PCL inju-
ries (all P>0.05, Table 1).

Comparison of healing rates

The early surgery group exhibited significantly
better healing outcomes compared to the late
surgery group. Complete healing rates were
significantly higher in the early surgery group
(P<0.001), and overall healing rates also
favored early intervention (P=0.026). Notably,
the early surgery group showed lower partial
healing rates, while non-healing rates were sig-
nificantly reduced compared to the late surgery
group (P<0.05, Table 2).

Comparison of surgery-related indicators

A comparative analysis of surgery-related pa-
rameters revealed no significant differences
between the groups. Operative time was con-
sistent across both groups (P=0.418), and hos-
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pital stay duration showed no significant varia-
tion (P=0.757). Treatment costs were slightly
higher in the early surgery group compared to
the late surgery group, though the difference
was not statistically significant (P=0.079)
(Table 3).

Comparison of functional score outcomes

Preoperative functional assessments showed
no significant differences between groups (all
P>0.05). At baseline, preoperative Lysholm,
Tegner activity, and IKDC subjective scores
were comparable between the early and late
surgery groups. At 3 and 6 months postopera-
tively, the early surgery group showed signifi-
cantly superior functional outcomes. Lysholm
scores (P<0.001), Tegner activity scores (P<
0.001), and IKDC subjective scores (P<0.001)
were all significantly higher in the early surgery
group. Both groups showed significant improve-
ment across all time comparisons: preopera-
tive versus 3 months, preoperative versus 6
months, and 3 months versus 6 months (all
P<0.001). However, the early surgery group
demonstrated a greater magnitude of improve-
ment across all measures (P<0.05, Table 4).

Comparison of VAS score

Preoperative VAS scores showed no significant
difference between the groups (P=0.250). At 3
and 6 months postoperatively, the early surgery
group reported significantly lower VAS scores
compared to the late surgery group (both
P<0.001). Both groups showed significant pain
reduction across all time intervals: preopera-
tive versus 3 months, preoperative versus 6
months, and 3 months versus 6 months (all
P<0.001) (Table 5).

Comparison of adverse events

Comparative analysis of adverse event inci-
dence revealed no significant differences
between the groups. Rates of joint effusion,
joint swelling/pain, joint infection, and revision
surgery requirements were similar across both
groups (all P>0.05). These findings suggest
that surgical timing does not significantly influ-
ence complication rates (Table 6).

Functional recovery distribution and outcomes

Prognostic evaluation of the 260 patients was
based on Lysholm scores 290 and IKDC scores
>85 at 6 months postoperatively. Of these, 109
patients achieved good recovery, while 151
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Table 1. Comparison of baseline characteristics between the early and late surgery groups

Variable Total Early Group (n=148) Late Group (n=112) X2 P-value
Variable 0.762 0.383
Age 145 (55.77%) 86 (58.11%) 59 (52.68%)

245 years 115 (44.23%) 62 (41.89%) 53 (47.32%)

<45 years 0.603 0.437
Gender 183 (70.38%) 107 (72.30%) 76 (67.86%)

Male 77 (29.62%) 41 (27.70%) 36 (32.14%)

Female 0.669 0.413
BMI 104 (40.00%) 56 (37.84%) 48 (42.86%)

>24 kg/m? 156 (60.00%) 92 (62.16%) 64 (57.14%)

<24 kg/m? 0.957 0.328
Affected Side 98 (37.69%) 52 (35.14%) 46 (41.07%)

Left 162 (62.31%) 96 (64.86%) 66 (58.93%)

Right 0.474 0.491
Tear Location 141 (54.23%) 83 (56.08%) 58 (51.79%)

Lateral 119 (45.77%) 65 (43.92%) 54 (48.21%)

Medial 0.023 0.880
History of Diabetes 27 (10.38%) 15 (10.14%) 12 (10.71%)

Yes 233 (89.62%) 133 (89.86%) 100 (89.29%)

No 0.210 0.647
History of Hypertension 45 (17.31%) 27 (18.24%) 18 (16.07%)

Yes 215 (82.69%) 121 (81.76%) 94 (83.93%)

No 1.043 0.307
Smoking History 201 (77.31%) 111 (75.00%) 90 (80.36%)

Yes 59 (22.69%) 37 (25.00%) 22 (19.64%)

No 0.375 0.540
Alcohol Consumption 67 (25.77%) 36 (24.32%) 31 (27.68%)

Yes 193 (74.23%) 112 (75.68%) 81 (72.32%)

No 0.055 0.814
Concomitant ACL Injury 22 (8.46%) 12 (8.11%) 10 (8.93%)

Yes 238 (91.54%) 136 (91.89%) 102 (91.07%)

No 0.053 0.818
Concomitant PCL Injury 13 (5.00%) 7 (4.73%) 6 (5.36%)

Yes 247 (95.00%) 141 (95.27%) 106 (94.64%)
Note: BMI: Body Mass Index, ACL: Anterior Cruciate Ligament, PCL: Posterior Cruciate Ligament.
Table 2. Comparison of meniscal healing rates between the early and late surgery groups
Group Complete Healing Partial Healing Non-healing Healing Rate
Early Group (n=148) 98 (66.22%) 41 (27.70%) 9 (6.08%) 139 (93.92%)
Late Group (n=112) 49 (43.75%) 47 (41.96%) 16 (14.29%) 96 (85.71%)
X3/Z 3.732 4.938
P-value <0.001 0.026

had poor recovery. Distribution analysis based
on the Lysholm and IKDC score thresholds

Independent risk factors for poor functional
recovery

revealed that 46 patients (17.69%) did not

meet both criteria, indicating suboptimal func-
tional recovery (Figure 3).
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VIF analysis of all variables showed VIF values
below 1.3, confirming the absence of multicol-
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Table 3. Comparison of surgery-related indicators between the early and late surgery groups

Variable Early Group (n=148) Late Group (n=112) t/Z P-value
Surgery Duration (min) 55.41+18.67 57.37+20.14 0.810 0.418
Length of Hospital Stay (d) 5.00 [4.00, 6.00] 5.00 [4.00, 6.00] 0.310 0.757
Treatment Cost (yuan) 24139.24+1504.92 23808.44+1487.92 -1.764 0.079
Table 4. Comparison of functional score changes between the early and late surgery groups

Variable Early Group (n=148) Late Group (n=112) t/Z P-value
Preoperative Lysholm Score 54.93+4.70 54.96+4.79 0.054 0.957
3-month Postoperative Lysholm Score 81.6315.42 74.50+5.42 -10.500 <0.001
6-month Postoperative Lysholm Score 92.00 [89.00, 95.00] 87.00 [83.00, 90.00] 8.469 <0.001
t/Z/P-value (Pre vs 3-month Post) 45.287/<0.001 28.572/<0.001

t/Z/P-value (Pre vs 6-month Post) 70.213/<0.001 50.648/<0.001

t/Z/P-value (3-month vs 6-month Post) 18.576/<0.001 18.211/<0.001

Preoperative Tegner Score 3.00 [2.00, 4.00] 3.00[2.00, 5.00] 0.585 0.559
3-month Postoperative Tegner Score 7.00 [6.00, 7.25] 5.00 [5.00, 6.00] 12.108 <0.001
6-month Postoperative Tegner Score 8.00 [8.00, 9.00] 7.00 [6.00, 8.00] 8.842 <0.001
t/Z/P-value (Pre vs 3-month Post) 26.163/<0.001 10.809/<0.001

t/Z/P-value (Pre vs 6-month Post) 35.997/<0.001 20.867/<0.001

t/Z/P-value (3-month vs 6-month Post) 14.204/<0.001 15.360/<0.001

Preoperative IKDC Score 59.09+5.00 59.69+5.06 0.942 0.347
3-month Postoperative IKDC Score 82.29+5.29 74.78+5.25 -11.369  <0.001
6-month Postoperative IKDC Score 89.72+4.23 84.54+4.67 -9.334 <0.001
t/Z/P-value (Pre vs 3-month Post) 58.028/<0.001 31.949/<0.001

t/Z/P-value (Pre vs 6-month Post) 76.604/<0.001 52.631/<0.001

t/Z/P-value (3-month vs 6-month Post) 18.576/<0.001 20.682/<0.001

Note: IKDC: International Knee Documentation Committee.

Table 5. Comparison of VAS score changes between the early and late surgery groups

Variable Early Group (n=148) Late Group (n=112) t/Z P-value
Preoperative VAS Score 7.00 [6.00, 8.00] 7.00 [6.00, 8.00] 1.150 0.250
3-month Postoperative VAS Score 4.00 [4.00, 5.00] 5.00 [5.00, 6.00] 7563 <0.001

6-month Postoperative VAS Score
t/Z/P-value (Pre vs 3-month Post)
t/Z/P-value (Pre vs 6-month Post)
t/Z/P-value (3-month vs 6-month Post)

2.00 [2.00, 2.00]
21.677/<0.001
45.074/<0.001
22.59/<0.001

3.50[3.00,4.00] 10.515 <0.001
<0.001
<0.001

<0.001

Note: VAS: Visual Analogue Scale.

Table 6. Comparison of adverse events between the

early and late surgery groups

Early Group Late Group

linearity among variables (Appendix 1).
Univariate logistic regression analysis
identified factors significantly associa-

Variable (n=148) (n=112) X*  Pvalue ted with postoperative prognosis. Sur-

: ; ical timing strongly correlated with
Joint Effusion 7/141 8/104 0.311 0.577 rgecovery ou%comes%gR=O 089. 95% Cl:
Joint Swelling/Pain ~ 9/139 9/103  0.436 0.713 0.045-0.164, P<0.001) Aée also Sigmﬁ:
Joint Infection 3/145 2/110 - 0999 cantly correlated with prognosis (OR=
Revision Surgery 3/145 3/109 - >0.999 0.384, 95% ClI: 0.23-0.634, P<0.001),
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Figure 3. Patient distribution based on Lysholm and IKDC score thresholds and score distributions. A. Patient Distri-
bution Based on Lysholm and IKDC Score Thresholds. B. Lysholm Scores Distribution. C. IKDC Scores Distribution.
Note: Lysholm Knee Scoring System (LKSS), and International Knee Documentation Committee (IKDC).

and BMI was significantly associated with
prognosis (OR=0.316, 95% Cl: 0.182-0.538,
P<0.001). Variables with no significant associa-
tion with prognosis included operative time
(OR=0.997, 95% Cl: 0.984-1.01, P=0.670),
hospital stay (OR=0.991, 95% Cl: 0.795-1.234,
P=0.934), treatment costs (OR=1, 95% CI: 1-1,
P=0.061), gender (OR=1.503, 95% CI: 0.871-
2.633, P=0.147), affected side (OR=1.137,
95% Cl: 0.684-1.889, P=0.619), tear location
(OR=1.367, 95% Cl: 0.833-2.254, P=0.218),
diabetes history (OR=0.665, 95% CIl: 0.275-
1.507, P=0.342), hypertension history (OR=
1.263, 95% Cl: 0.658-2.409, P=0.479), smok-
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ing history (OR=0.747, 95% Cl: 0.417-1.344,
P=0.328), alcohol consumption history (OR=
1.078, 95% ClI: 0.612-1.887, P=0.793), con-
comitant ACL injury (OR=0.492, 95% Cl: 0.171-
1.241, P=0.152), and concomitant PCL injury
(OR=0.601, 95% CI: 0.159-1.899, P=0.407) (all
P>0.05) (Figure 4).

Multivariate logistic regression analysis of
independent risk factors

Multivariate logistic regression confirmed three

independent risk factors for patient prognosis.
Surgical timing remained highly significant
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Univariate Univariate

M Univariate Multivariate Multivariate

Variable Assignment X
9 OR (95% Cl) P value W Multivariate OR (95% CI) P value
Different Time Points Late Group = 1, Early Group=0  0.089 (0.045-0.164) <0.001 0.054 (0.024-0.111) <0.001
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Surgery Duration raw data 0.997 (0.984-1.010) 067 — —
T —
Length of Hospital Stay raw data 0.991 (0.795-1.234) 0.934 - —_
Treatment Cost raw data — 0.061 — —
-
Age 245 years =1, <45years=0  0.384 (0.230-0.634) <0.001 0.220 (0.107-0.429) <0.001
-
Gender Male = 1, Female = 0 1.503 (0.871-2.633) 0.147 — —
-
BMI 224 kg/m? =1, <24 kg/m*=0  0.316 (0.182-0.538) <0.001 0.266 (0.135-0.507) <0.001
-
R —
Affected Side Left = 1, Right =0 1.137 (0.684-1.889) 0.619 — —
S —
Tear Location Lateral = 1, Medial = 0 1.367 (0.833-2.254) 0.218 - -
PR E—
History of Diabetes Yes=1,No=0 0.665 (0.275-1.507) 0.342 - -
A
History of Hypertension Yes=1,No=0 1.263 (0.658-2.409) 0.479 —_ —_
[
Smoking History Yes=1,No=0 0.747 (0.417-1.344) 0.328 -_ -_
- a
Alcohol Consumption Yes=1,No=0 1.078 (0.612-1.887) 0.793 - —_
R S —
Concomitant ACL Injury Yes=1,No=0 0.492 (0.171-1.241) 0.152 - —_
S S —
Concomitant PCL Injury Yes=1,No=0 0.601 (0.159-1.899) 0.407 —_ —
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Figure 4. Patient distribution based on risk factors and odds ratios. Note: BMI: Body Mass Index.

Table 7. Logistic regression results of interaction analy-

sis for functional recovery probability

effect between age and BMI was not
significant (P=0.169) (Table 7). Figure

5 illustrates the interaction relation-

Variable Estimate Std. Error Z

(Intercept) -1.891 0.363 -5.212
Age 1.172 0.423 2.768
BMI 0.785 0.510 1.539
Different.Time.Points  2.920 0.378 7.733
Age:BMI 0.932 0.677 1.377

Pr(>1zl) . ) o
<0.001 ships between age, BMI, surgical timing,
0.006 and recovery probability outcomes.
0.124 Discussion

<0.001 _ ' .
0.169 Early arthroscopic meniscal repair (<4

Note: BMI: Body Mass Index.

(OR=0.054, 95% CI: 0.024-0.111, P<0.001).
Age maintained its prognostic significance
(OR=0.22, 95% CI: 0.107-0.429, P<0.001), and
BMI continued to show an independent associ-
ation with outcomes (OR=0.266, 95% CI:
0.135-0.507, P<0.001) (Figure 4).

Interaction analysis of functional recovery
probability

Interaction analysis evaluated the impact of
age, BMI, and surgical timing on functional
recovery probability. Results showed that age
significantly correlated with functional recovery
probability (P=0.006). Different time points
showed strong association with recovery out-
comes (P<0.001), whereas BMI showed no sig-
nificant association (P=0.124). The interaction
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weeks) compared to late surgery (>4
weeks) significantly improved complete
and overall healing rates. Additionally,
early intervention reduced partial healing and
non-healing proportions, demonstrating supe-
rior repair outcomes. At 3 and 6 months post-
operatively, the early surgery group achieved
higher Lysholm, Tegner, and IKDC scores than
the late surgery group, resulting in better func-
tional recovery and significantly lower VAS pain
scores.

Our analysis revealed no significant differences
between the groups in operative time, hospital
stay, costs, or adverse event incidence, includ-
ing effusion, swelling/pain, infection, and revi-
sion surgery. These findings suggest that early
surgery does not increase complications or
medical burden. Regression analysis identified
surgical timing, age, and BMI as independent
risk factors for poor functional recovery.

Am J Transl Res 2025;17(9):6896-6908
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Figure 5. Interaction effects on functional recovery probability. A. The image displays the interaction effect of age
on the probability of good (green line) versus poor (blue line) recovery. B. The image shows the interaction effect of
BMI on the probability of good (green line) versus poor (blue line) recovery. C. The image illustrates the interaction
effect of different time points on the probability of good (green line) versus poor (blue line) recovery. Note: BMI: Body

Mass Index.

Surgical timing and age had a greater influence,
while BMI and its interaction with age showed a
lesser impact.

Our meniscal healing results align with litera-
ture on ACL and multiligament injury (MLKI)
meta-analyses. Vermeijden et al. [9] found that
early surgery significantly reduced meniscal
and cartilage damage in MLKI patients, but
showed smaller effect differences in isolated
ACL injuries. Our study, focusing on meniscal
repair, confirms the advantages of early surgery
in improving healing rates through MRI assess-
ment based on Stoller grading. This improve-
ment is likely due to early intervention reducing
tissue degeneration and fibrosis while preserv-
ing the repair potential in the red zone.

van der List et al. [16] found that meniscal
repair performed within 3 to 8 weeks signifi-
cantly decreased failure rates. This finding is
highly consistent with our conclusion that early
surgery (£4 weeks) improves healing rates.
Their study further clarifies the critical window
for surgical timing. Literature reporting indi-
cates [10] that ACL reconstruction shows sig-
nificant improvement in Lysholm and IKDC
scores in early surgery groups, consistent with
our findings of significant functional score
enhancement in the early surgery group. This
suggests that early surgery may optimize func-
tional recovery through accelerated tissue
repair.

James et al. [17] found that delayed ACL recon-
struction (>12 weeks) significantly increased
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the risk of meniscal tears and irreparable
meniscal damage. This supports our conclu-
sion that early surgery reduces secondary
meniscal damage. We also found that surgical
timing had minimal impact on adverse events,
likely due to advances in minimally invasive
techniques, intraoperative PRP injection, and
standardized postoperative anticoagulation
and rehabilitation protocols, which reduce the
risk of complications.

The literature shows [18] that early MLKI sur-
gery improves Lysholm, IKDC, and Tegner
scores while reducing cartilage damage, which
aligns with our findings of improved functional
scores and reduced secondary damage in the
early surgery group. Shamrock et al. [19]
showed that delayed MLKI reconstruction (>6
weeks) increases the risk of meniscal and carti-
lage damage, further supporting our conclu-
sions that delayed surgery increases meniscal
damage, providing additional evidence for pri-
oritizing early surgery.

Nepple et al. [20] found that the 5-year failure
rate for modern meniscal repair reached
19.5%, with medial meniscal repairs showing
higher failure rates than lateral ones (23.9% vs.
12.6%, P=0.04). This finding provides an impor-
tant reference for discussing meniscal healing
rates and long-term outcomes of repairs in dif-
ferent locations, which is relevant to our study.

Our research provides valuable clinical evi-
dence for optimizing the surgical timing of
meniscal injuries. Early surgery (<4 weeks)
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demonstrates significant advantages in improv-
ing meniscal healing rates, enhancing knee
function, and reducing pain. This suggests that
clinical practice should prioritize early surgical
intervention following injury to optimize tissue
repair capacity and minimize secondary dam-
age risks.

Literature reports indicate [21] that in patients
aged >40 years, delayed surgery led to preop-
erative deterioration of isolated meniscal tears.
In this population, 48.3% of patients experi-
enced worsening of their meniscal tears, direct-
ly supporting our conclusion that delayed sur-
gery accelerates meniscal damage. Sadoghi et
al. [22] found that delayed meniscal repair (>12
weeks) reduced functional outcomes in ACL
reconstruction (IKDC scores). This further vali-
dates the benefits of early meniscal repair for
improving functional recovery.

Javid et al. [23] demonstrated that early menis-
cal repair improved Lysholm scores and
reduced medial meniscal extrusion. However,
some studies found no significant impact of
surgical timing on outcomes, offering a com-
parative basis for discussing the heterogeneity
in isolated repairs in our study.

Age and BMI were identified as independent
risk factors for poor functional recovery, high-
lighting the need for particular attention to
elderly patients and those with high BMI during
preoperative assessments. This suggests that
tailored postoperative rehabilitation plans,
such as extended low weight-bearing phases or
more intensive functional exercises, could opti-
mize prognosis. Research shows [24] that
BHMT repair failure rates reached 14.8%, with
higher failure rates observed in isolated and
medial meniscal tear repairs. This provides a
valuable comparative basis for discussing heal-
ing rates and failure risks in our study.

Our finding that operative time, hospital stay,
and treatment costs showed no significant dif-
ferences between the groups suggests that
early surgery enhances therapeutic efficacy
without increasing the medical resource bur-
den. This is important for guiding medical insti-
tutions in optimizing resource allocation. Zsidai
et al. [25] demonstrated that delayed PCL
reconstruction (>12 weeks) increased cartilage
damage and the frequency of medial meniscal
surgeries. This is consistent with our conclu-
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sion that delayed surgery increases meniscal
damage risks, further supporting the advantag-
es of early surgery in reducing secondary dam-
age. Our study provides evidence for develop-
ing clinical guidelines on the diagnosis and
treatment of meniscal injuries. We recommend
early surgery as the preferred strategy, incorpo-
rating patient characteristics into management
plans to maximize clinical efficacy.

Strengths of our study include a sufficient sam-
ple size (260 cases, early group: 148 cases,
late group: 112 cases) based on meta-analysis
sample size calculations, ensuring high statisti-
cal power. We assessed meniscal healing using
MRI (Stoller grading) and combined it with func-
tional assessments using Lysholm, Tegner,
IKDC, and VAS scores to provide a comprehen-
sive measure of surgical timing efficacy. Our
statistical analysis was rigorous, employing VIF
analysis to exclude multicollinearity, and we
used both univariate and multivariate logistic
regression to identify independent risk factors.
Interaction analysis further explored the com-
bined effects of age, BMI, and surgical timing,
enhancing the scientific validity and credibility
of our results.

Data sources from electronic medical records
and outpatient follow-up records were system-
atic and comprehensive, ensuring accuracy
and completeness. Although the proportion of
patients with concomitant ACL or PCL injuries
was relatively low, univariate logistic regression
analysis showed no significant association with
poor functional recovery. However, the litera-
ture indicates [9] that concomitant ligament
injuries can influence surgical timing decisions,
with early surgery offering greater advantages
in reducing secondary damage.

In our study, the early surgery group’s superior
healing rates may partially stem from early
intervention in patients with concomitant inju-
ries, which helps reduce tissue degeneration.
Postoperative management measures, such as
PRP injection, low-molecular-weight heparin
anticoagulation, and early rehabilitation train-
ing, may have reduced adverse event differ-
ences by promoting tissue repair and prevent-
ing complications like VTE, further supporting
the safety and efficacy of early surgery.

Limitations of our study include its retrospec-
tive design, which may introduce selection bias
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due to non-randomized grouping influenced by
conservative treatment or delayed surgery.
Additionally, the 6-month postoperative follow-
up is insufficient to assess long-term outcomes
like osteoarthritis, as the literature reports that
meniscal injury complications may develop
years after surgery. We also used stricter recov-
ery criteria (Lysholm >90, IKDC >85) compared
to common clinical standards (Lysholm =80,
IKDC >70) to enhance rigor, but this may have
led to more patients being classified as “poorly
recovered” despite adequate clinical recovery.
Prior analysis using lower criteria identified only
6 cases of poor recovery, whereas the stricter
criteria increased this proportion, highlighting
the need to balance rigorous standards with
clinical reality. Furthermore, the small number
of patients with concomitant ACL or PCL inju-
ries may have slightly affected healing and
functional recovery, though univariate analysis
showed no significant association. Finally, not
subdividing meniscal tear types (e.g., longitudi-
nal or bucket-handle tears) for their specific
impact on surgical timing limits the generaliz-
ability of our results. Future studies will include
longer-term follow-up (2-5 years postoperative-
ly) to assess osteoarthritis and functional
recovery. We also plan to conduct randomized
controlled trials to eliminate selection bias, per-
form subgroup analyses on age, BMI, and tear
types, and explore the interactions between
suture techniques and surgical timing to refine
our conclusions.

Conclusion

Our study demonstrates that early surgery (<4
weeks) for arthroscopic meniscal repair signifi-
cantly improves healing rates, enhances knee
function recovery, and reduces pain scores.
Importantly, this does not increase the inci-
dence of adverse events or medical resource
burden. We identified surgical timing, age, and
BMI as independent risk factors for poor func-
tional recovery, with early surgery showing par-
ticularly pronounced benefits for functional res-
toration. These findings provide scientific
evidence for the clinical optimization of surgical
timing.
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