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ACLR group Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.6.1 Female
Asaeda et al, Ferale 414 47 16 425 78 16 21.7% -0.17[-0.86, 0.53) —
Noehren etal. 18.5 5 20 201 54 20 237% -0.31 [-0.93,0.31] -
Subtotal (95% CI) 36 36 45.4% 0.25[-0.71,0.22] g

Heterogeneity: Tau® = 0.00; Chi*= 0.0, df=1 (P = 0.76); F=0%
Testfor overall effect: Z= 1.04 (P = 0.30)

2.6.2 Male

Asaeda et al, Male 356 5§ 16 366 &1 16 21.7% -0.19[-0.88, 0.50] e E—

Bulgheroni et al. 1454 484 15 1511 4.26 5 146% -0.12[-1.13,0.90] ——

Milandri et al 204 4 15 274 47 15 183% -1.56[-2.39,-073) ——————=———

Subtotal (95% Cl) 46 36 54.6% -0.63 [-1.56, 0.30] ——c——

Heterogeneity: Tau® = 0.48; Chi*= 7.32, df= 2 (P = 0.03); F=73%

Testfor overall effect: Z=1.33 (P =0.18)

Total (95% CI) 82 72 100.0% -0.45 [-0.95, 0.04] -

Heterogeneity: Tau®= 0.17; Chi*= 8.61, df= 4 (P = 0.07); F=54% + t + t

-2 -1 1 2

Testfor overall effect: Z= 1.80 (P = 0.07) Favors ACLR Favors control

Test for subgroup differences: Chi*=0.53,df=1 (P=0.47), F= 0%
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ACLR group Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.7.1 Female
Asaeda et al, Female 28 41 18 16 33 16 25.3% 0.31 [0.38, 1.01]
Subtotal (95% CI) 16 16 25.3% 31[-0.38, 1.01]

Heterogeneity: Not applicable
Test for overall effect: Z= 0.88 (P = 0.38)

2.7.2 Male

Asaeda et al, Male 35 46 16 2 39 16 25.3% 0.34 [-0.36, 1.04] e e —
Webster et al, HT 38 37 16 77 28 16 24.2% -1.13[-1.88,-0.38] —_———

Websteretal, PT 66 28 16 77 28 16 25.2% -0.38 [-1.08, 0.32] -y
Subtotal (95% CI) 48 48 74.7% -0.38 [-1.20, 0.44] e

Heterogeneity: Tau®=0.39; Chi*=789,df=2 (P=0.02); F=75%
Test for overall effect: Z= 0.81 (P =0.36)

Total (95% Cl) 64 64 100.0% -0.20 [-0.87, 0.46] *

Heterogeneity: Tau® = 0.33; Chi*= 10.50, df= 3 (P = 0.01); I*=71% 5 R o i
Test for overall effect: Z= 0.60 (P =0.55) Favors ACLR Favors control
Test for subgroup differences: Chi*=1.59,df=1 (P = 0.21), I*=37.2% )
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ACLR group Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
28.3.1 Male
Bulgheroni et al. 0.4 1 15 055 1 5 334% -0.14 [-1.16, 0.87]
Milandri et al 0.421 0122 15 0401 0116 15 66.6% 0.16 [-0.55, 0.89)
Subtotal (95% CI) 30 20 100.0% 0.06 [-0.52, 0.65]

Heterogeneity: Tau®*=0.00;, Chi*=0.24,df=1 (P=0.63); F=0%
Test for overall effect Z=0.20 (P = 0.84)

Total (95% CI) 30 20
Heterogeneity: Tau®=0.00; Chi*=0.24, df=1 (P=0.63); F=0%
Test for overall effect Z=0.20 (P =0.84)

Test for subgroup differences: Not applicable

100.0% 0.06 [-0.52, 0.65]

2 1 0 1 2
Favors ACLR Favors control
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Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI|

28.4.2 Female

Asaeda etal Female 0.69 0.16 16 072 0.24 16
MNoehren et al. 0.04 02 20 023 042 20
Subtotal (95% CI) 36 36
Heterogeneity: Tau*=0.41, Chi*=4.37,df=1 (P=0.04), F=77%
Test far overall effect. Z=1.28 (P =0.20)

28.4.3 Male

Asaeda et al, Male 0.82 019 16 076 0.26 16

Bulgheroni et al. 026 0.75 15 006 08 5
Subtotal (95% CI) 31 21

Heterageneity. Tau®= 0.00; Chi*= 0.00, df=1 (P=0.99), F= 0%
Test for overall effect: Z= 0.87 (P = 0.38)

Total (95% CI) 67 57

Heterogeneity: Tau*=0.35, Chi*=10.24, df=3 (P=0.02), F=71%

Test for overall effect. Z= 0.66 (P =0.51)

26.4%  -0.14 [0.84, 0.55] —a—
26.8%  -1.18[1.85,-0.50] —e—

53.2%  -0.66[-1.68, 0.35] B

26.4% 0.26 [-0.44, 0.95] ——

20.4% 0.25 [-0.76, 1.27] ——

46.8% 0.26 [-0.32, 0.83] -
100.0%  -0.23[-0.93,0.46] q

-4 -2 0 2 4

Favors ACLR Favors control

Test for subgroup differences: Chi*=2.39, df=1{P=0.12), F=58.1%
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Std. Mean Difference Std. Mean Difference

ACLR group Control group
Study or Subgroup Mean SD Total Mean SD Total
28.5.1 Female
Asaeda et al, Female 053 01 16 056 0.1 16
Patterson et al. 0.31 0.08 17 041 021 17
Subtotal (95% Cl) 33 33

Heterogeneity: Tau®= 0.00, Chi*=0.45,df=1 (P=0.50), F=0%

Test for overall effect Z=1.79 (P =0.07)

28.5.2 Male

Asaeda et al, Male 05 015 16 066 012
Milandri et al 0.005 0.14 15 0.051 0.141
Wehster etal, HT 28 08 16 4.1 0.8
VWehsteretal PT 29 06 16 4.1 0.8
Subtotal (95% CI) 63

16
15
16
16
63

Heterogeneity: Tau®= 0.24; Chi*=7.66, df=3 (P=0.09), F=61%

Test for overall effect: Z= 3.66 (P = 0.0002)

Total (95% CI) 96

96

Heterogeneity: Tau®= 0.22; Chi*=12.61,df=5 (P=0.03); = 60%

Test for overall effect: Z= 3.67 (P = 0.0002)

Weight IV, Random, 95% CI IV, Random, 95% ClI
17.6% -0.28 [-0.97,0.42) i
17.7% -0.61 [-1.30, 0.09) —

35.3% -0.45 [-0.94, 0.04] i
16.5% -1.15 [-1.90,-0.39) —_—
17.1% -0.32 [-1.04, 0.40] —
15.6% -1.58 [-2.39,-0.78) ———

15.5% -1.65[-2.47,-0.84) ————

64.7% -1.16 [-1.77,-0.54] -~

100.0% -0.90 [-1.39, -0.42] <

- -1 0 1 2
Favors ACLR Favors control

Test for subgroup differences: Chi*= 3.09, df=1 (P =0.08), F= 67.6%
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ACLR group
Mean SD Total Mean

Control group

Study or Subgroup SD Total

Weight

Std. Mean Difference Std. Mean Difference

28.10.1 Female

Noehren et al. 1 0.08 20 09 o008 20
Subtotal (95% CI) 20 20
Heterogeneity: Not applicable

Test for overall effect: Z= 3.52 (P = 0.0004)

28.10.2 Male

Bulgheroni et al., 1.05 0.08 15 1.09 0086 5
Webster et al, HT 111 1.2 16 117 0.9 16
Websteretal, PT 106 05 16 11.7 049 16
Subtotal (95% CI) 47 37

Heterogeneity: Tau*=0.14, Chi*=3.58, df=2(P=0.17), F= 44%
Test for overall effect Z= 2.61 (P=0.009)

Total (95% CI) 67 57

25.8%
25.8%

23.4%
25.7%

251%
74.2%

100.0%

Heterogeneity: Tau®=1.33; Chi*= 27.92, df= 3 (P < 0.00001);, F= 89%

Test for overall effect. Z=0.50 (P=0.62)

Test for subgroup differences: Chi*=18.98, df=1 (P <0.0001), F= 84.7%

IV, Random, 95% CI IV, Random, 95% CI
1.23[0.54,1.91) —
1.23 [0.54, 1.91] i

-0.47 [-1.50, 0.55) —_—
-0.55 [-1.26, 0.16) S
147 [2.27,-068) ——=——

0.85[-1.49, 0.21] i

-0.30 [-1.50, 0.89]
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4
o
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e
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Gender Differences in the Knee Joint Biomechanics and Ground Reaction Forces
after Anterior Cruciate Ligament Reconstruction during Gait: A Systematic
Review and Meta-Analysis

Ali Esmaeili', Amir Ali Jafarnezhadgero', Farhad Rezazadeh", Reza Noktehsanjt
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Background and Objectives: Specific gender differences in knee joint biomechanics and ground reaction forces after
anterior cruciate ligament reconstruction (ACLR) surgery during gait have been identified. Therefore, it is not possible to
assume the knee joint mechanics and ground reaction forces in males as well as females. In this systematic review and meta-
analysis, we aimed to investigate gender differences in the restoration of knee joint biomechanics and ground reaction forces
after anterior cruciate ligament reconstruction during gait.

Materials and Methods: Five electronic databases including Scopus, PubMed, EMBASE, PEDro, and Cochrane Central
Register of Controlled Trials were systematically searched for articles potentially eligible for inclusion until June 2026. The
modified version of the Downs and Black checklist was used to assess the methodological quality of the included studies.
Results: Ultimately, six studies with a mean methodological quality of 66% were included in the review. The findings of
the main studies showed that in the male subgroup, knee adduction torque and vertical ground reaction force in ACLR
patients were significantly lower than in the healthy control group (p<0.05). In the female subgroup, vertical ground reaction
force in ACLR patients was significantly higher than in the healthy control group (p<0.05).

Conclusion: The findings of the present systematic review and meta-analysis indicate a differential reconstruction of gait
pattern in men compared to women with a history of ACLR. The results of this study emphasize the necessity of designing
sex-specific targeted rehabilitation programs to correct knee joint movement limitations and alter knee joint loading patterns
and ground reaction forces following ACLR.
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