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Background: Anterior cruciate ligament (ACL) injury is a signifcant orthopedic issue globally with varying
success rates among different populations. Better understanding of functional outcome can help design suitable
protocols for ACL reconstruction and recovery. This review aims to evaluate the epidemiological trends and
functional outcomes of ACLR procedures in India.

Methods: The review was conducted following PRISMA guidelines, by searching in Google Scholar, Pubmed, Web
of Science and Science Direct databases in February 2024. The study encompassed patient demographics, and
postoperative outcomes in Indian populations upon ACLR using hamstring tendon autografts. Meta-analysis was
conducted with RevMan 5.4 using random-effects models. Funnel plots were used to explore publication bias.
Subgroup analyses of follow-up terms and age were also performed.

Results: A total of 26 studies were pooled for overall qualitative and quantitative analysis. Sports injuries (52 %)
were found to be more common, followed by road traffc accidents (31 %). Injuries were mostly on the right
knees (56 %). Functional outcome analysis using Lysholm Knee Scoring Scale (MD 34.74, 95 % CI 31.58 to
37.89), International Knee Documentation Committee (MD 36.74, 95 % Cl 32.36 to 41.13), Tegner Activity Scale
(MD 0.90, 95 % CI -0.01 to 1.80) revealed statistically signifcant overall outcome effect. Statistically non-
signifcant differences were found between follow-up to 6 months and follow-up above 6 months as well as
with age. However, meta-analysis showed high level of heterogeneity.

Conclusion: ACLR in Indian population is largely successful in restoring functional activity. However, the outcome
of this review is limited by the heterogeneity factor. Further, the Indian studies have not focused on factors
affecting the outcome. Therefore, future studies in this direction are needed for understanding the clinical
success.

1. Introduction return is subjective. ACLR reduces indirectly the risk of osteoarthritis. It

primarily protects both meniscus.>® ACLR surgeries are on the rise

ACL injury shows incidence between 32 and 80 per 100,000 in-
habitants every year worldwide."> Approximately 68.6 cases per 100,
000 occur each year. The most common causes of knee injuries in India
are related to sports activity and RTA.>* ACL reconstruction (ACLR)
needs still a long period of rehabilitation after surgery, therefore rapid

globally, and reports reveal 77 in Australia, 52 in the United States, 37 in
New Zealand, and 32 in Sweden, per 100,000 population.” In India,
ACLR epidemiology is not systematically reported; however, in big
centres, 20 to 100 procedures are reported per year.8

ACLR provides various graft options, including hamstring, bone-
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Fig. 1. PRISMA fow diagram for identifcation and selection of the studies for meta-analysis.

patellar tendon, and quadriceps.9 ACLR with hamstring tendon auto-
grafts has varying success rates for long-term outcomes in Indian pop-
ulation.° Lysholm Knee Scoring Scale (LKSS), International Knee
Documentation Committee (IKDC) and Tegner Activity Scale (TAS) are
widely used to analyse the effcacy of the reconstruction surgery.** The
outcome of ACLR is reported to be associated with age, gender, BMI
(Body Mass Index) and time since injury for surgery. ACLR is a
cost-intensive procedure with the associated risk of repetitive recon-
struction. Hence understanding the associated risk factors can aid stra-
tegic decision making. The present study is the frst attempt to
systematically review the functional outcome of ACLR using hamstring
grafts in Indian population. A meta-analysis was conducted to obtain
guantitative estimate of the overall effect. The present study can provide
a comprehensive picture of epidemiology, functional outcome as well as
possible suggestions and guidelines for future clinical studies.

2. Materials and methods
2.1. Study design and strategy

The systematic review was performed using the PRISMA regula-
tions.*? A systematic search was conducted in February 2024 covering
Google Scholar, Pubmed, Web of Science and Science Direct databases.
The search included data from the beginning, and the keywords were
matched with MeSH terms. Keywords included hamstring tendon
autograft, ACL reconstruction, treatment outcomes, "AND" functional
scores, Lysholm, "AND" International Knee Documentation Committee,
"OR" IKDC, "AND" Tegner activity scale, India. The language was
restricted to English, and references were examined for any additional

original publications.

2.2. Inclusion and exclusion criteria

Studies which (A) were primary research articles published in En-
glish; (B) conducted in the Indian population; (C) dealt with subjects
undergoing ACL reconstruction with hamstring autograft; (D) reported
preoperative and postoperative scores such as the LKSS, IKDC score, and
TAS scores with mean and standard deviation values were included.

Studies that (A) did not include functional outcome and relevant
inferences; (B) were based on other grafts; (C) were duplicate; (D) were
short communications, abstracts, lectures, letters to editors, and reviews
were excluded.

2.3. Data extraction

Two authors (VN and SA) independently extracted data from each
included study. Discrepancies were resolved by a third author (DV).
Patient demographic details including age, gender, follow-up months,
mode and side of injuries, meniscus injuries, pain, swelling, infection
and knee stiffness were extracted to provide an overview of the ACLR in
Indian population. Functional outcomes as difference between preop-
erative and postoperative LKSS, IKDC, and TAS scores were retrieved for
meta-analysis.

2.4. Statistical analysis

Statistical analysis was performed using Revman 5.4. The outcome
effect was assessed calculating the mean difference (MD) and 95 % CI of
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Table 1
Characteristics of the included studies.
S. Author & Year of Study  Place of study Sample Follow up Gender Age (years) ModSSSSe of injury Side of injury  Meniscus Pain on Swelling on Infection Knee
No Size (Months) (M/F) Range/ injuries follow up follow up follow up stiffness
Mean period period period
1 VenkateshMulimani Hubballi (Karnataka) 35 6 NA 15-50 A7 (20 %), B 11(31 NA 5 (14 %) 5(14.27 2 (5.71 %) NA NA
etal., 2023 %), %)
C 17(48 %)
2 Nama et al., 2023"° Jagatpura (Rajasthan) 43 6&12 29/14 31-40 A 24(55.8 %), B 7 NA 29 (67.44 NA NA 2 (4.7 %) 1(2.33
(16.3 %), C 3 (7.0 %), %) %)
D 9 (20.9 %)
3 Joshi et al., 2023'° Dungarpur (Rajasthan) 30 12&24 NA 38.78 11 A 6 (20 %), B 16 NA NA 6 (20 %) NA NA NA
(53.3%), C5 (16.7
%),
D 3 (10 %)
4 Shekhar et al., 2022"" Dilshad Garden (New 30 6 26/4 25.50 NA NA NA NA NA NA NA
Delhi) 6.90
5 Shetty et al., 2022"° Davangere 25 24 23/2 20-55 A 15 (60 %), B 6 (24 R 13 (52 %) NA 5 (20 %) 3 (10 %) NA 1 (4 %)
(Karnataka) %), C 4 (16 %), L 12 (48 %)
6 Goyal et al., 2021%° Bathinda (Punjab) 40 6 28/12 28.40 A 16 (40 %), B 24 (60 R 25 (62.5 NA NA NA NA NA
6.70 %), %), L 15
(37.5 %)
40 6 32/8 28.30 A 19(47.5 %), B 21 R 23 (57.5 NA NA NA 1(2.5 %) NA
8.00 (52.5 %), %), L 17
(42.5 %)
7 Chahar et al., 2021%° Jaipur (Rajasthan) 30 8 28/2 26.92 NA NA NA NA NA NA NA
3.12
Chahar et al., 2021%° Jaipur (Rajasthan) 30 8 28/2 26.90 NA NA NA NA NA NA NA
3.18
8 Bhula Ratna Kumar Whitefeld Bengaluru 15 12 13/2 30.53 A8(53.4%),B3 R9(60%),L 6 (40 %) NA NA NA NA
etal., 2021%* (Karnataka) 7.56 (23.3%),C1(3.3%), 6 (40 %)
D 3 (20.0 %)
15 12 13/2 27.40 A8 (53.4%),B3 R9(60%),L 6 (40 %) NA NA NA NA
5.46 (23.3%),C1(3.3%), 6 (40 %)
D 3(20.0 %)
9 Roshan et al., 2021°% Chikkabanavara, 52 9 42/10 33.20 A 31(59.6 %), B 7 R 34(65.4 27 (51.1%) 3 (5.8 %) 3(5.8 %) NA NA
Bengaluru (Karnataka) 8.96 (13.5 %), C 14 (26.9 %), L 18
%) (34.6 %)
10 Rajadurai et al., Maduranthakam 40 12 34/6 31.00 A18(45%),B12(30 NA 15 (37.50 NA NA NA NA
20200%° (Tamilnadu) %), C10 (25 %) %)
11 Singh et al., 2020** Banda (Uttar Pradesh) 20 6 17/3 27.35 NA R9(45%);L NA 1(5%) NA NA NA
5.52 11(55 %)
12 Sudhakar et al., 20207° Karakonam (Kerala) 30 12 22/8 30.70 NA NA NA NA NA NA NA
13 Kumar S et al., 2020°° Saifai (Uttar Pradesh) 35 6, 9&12 35/0 21-30 NA NA NA 7 (20 %) 4(12 %) 5 (14.3 %) 3(8.57
%)
14 Gundavarapu et al., Hyderabad 40 6 32/8 28.40 R 26 (65 %) NA 16 (40 %) NA NA NA
202077 (Telangana) L 14 (35 %)
15 Shantanu et al., 2019°° Chowk (Uttar Pradesh) 30 6 22/8 34.19 NA R 12 (40 %), NA NA NA NA NA
19.57 L18 (60 %)
30 6 24/6 30.67 NA R 17 (56.7 NA NA NA NA NA
9.52 %), L13
(43.3 %)
16 Jain et al., 20197° Jaipur (Rajasthan) 45 5 NA 30.20 A 21 24(47 %), NA NA NA NA NA NA
B 20 (44.11 %)
D 4 (8.89 %)
17 Ranjan et al., 2018°° Connaught Place (New 52 6 41/11 28.70 NA NA 12 (23 %) NA NA NA NA
Delhi) 9.45

(continued on next page)

‘[e 19 IefewruuyY Y

50820T (¥202) 6G Bwnel] pue solpsedoylO [eaIUlD O feuinor



"SOPEAJSSaI SOUI8IaP SO| SOPO *0u| JaIAsS|T ¥20Z® 1YBIIAdOD “ugIoezZIIoINg UIS SOSN S0.10 ualiwIad 8s ON ‘8lusLueAISN|oXa [euosiad osn eled ¥20z
‘)T 21quIBIoIp Ud JaIAss|T Jod sa°Aa3{[ealul]D ap A11IN2aS [e100S pue YifesH Jo Aselqi [euoneN us (wod jrewb@9gznrew n|) ojnbuy e1on eed opebredssq

Table 1 (continued)

S. Author & Year of Study Place of study Sample Follow up Gender Age (years) ModSSSSe of injury Side of injury ~ Meniscus Pain on Swelling on Infection Knee
No Size (Months) (M/F) Range/ injuries follow up follow up follow up stiffness
Mean period period period
50 6 40/10 30.40 NA NA 14 (28 %) NA NA NA NA
7.90
18 Gupta et al., 2018** Rajinder Nagar (New 21 3,6&12 NA 25.80 NA NA 1 (5 %) NA NA NA NA
Delhi) 7.54
19  Sinhaetal., 2018% President’s Estate 76 12 76/0 25.70 A 29(37.9 %), R 39 (51.3 31 (40.50 NA NA NA NA
(New Delhi) 6.80 B3 (3.8%),C44 %), L 37 %)
(58.2 %) (48.7 %)
20  Mishraet al., 2018 Wanowrie Pune 120 24 120/0 30.53 A 79 (65.8 %), B 20 R 54 (45 %), NA 109 (91.7 47 (39.2 %) 9 (7.5 %) NA
(Maharashtra) 7.24 (16.7 %), L 66 (55 %) %)
C 15 (12.5 %),
D 6 (5.0 %)
21 Biswal etal., 2017 Pondicherry 24 6 23/1 18-30 A12 (51.6 %), B8 RO (37.5%), 16 (65 %) 21 (87.90 16 (66.70 %)  NA NA
(32.2 %), C 4(16.1 L 15 (62.5 %)
%), %)
Biswal et al., 2017 Pondicherry 9 6 9/0 30-50 A5 (51.6 %),B3 R4 (44.4%), 5 (65 %) 8 (87.90 6 (66.70 %) NA NA
(32.2%),C1(16.1 L 5 (55.6 %) %)
%),
22 Pande et al., 2017°° Wanowrie Pune 43 6&12 41/2 31.16 NA NA NA NA NA NA NA
(Maharashtra) 7.73
49 6&12 47/2 29.35 NA NA NA NA NA NA NA
7.95
23 Manandhar et al., Singanallur- 104 6 83/21 48.00 A 73(70.19 %), B 26 R 64 (61.5 56 (53.90 NA NA NA NA
2017°° Coimbatore (Tamil (25.0 %), %), L 40 %)
Nadu) D 5 (4.80 %) (38.5 %)
24 Kumar Cetal., 2017°"  Swaroop Nagar, 62 24 54/8 28.07 A 19 (30.6 %), B 39 R 42 (67.7 19 (30.6%) NA NA 2 (3.23 %) 2(3.23
Kanpur (Uttar 7.59 (62.9 %), %), L 20 %)
Pradesh) D 4 (6.5 %) (32.3 %),
25 Prasad et al., 2017°° Banbishnupur (West 36 6 31/5 38.68 A 10(27.77 %), B 19 R 24 (66.70 NA NA NA NA NA
Bengal) 10.23 (52.77 %), %), L 12
D 7 (19.44 %) (33.30 %)
26 Devgan et al., 2011%° Rohtak (Haryana) 48 60 44/4 23.60 A 48 (100 %) NA NA 5 (10 %) NA NA NA

Note: M-Male, F- Female(A)Sports injury, (B) Road traffc accidents (RTA), (C) Fall while doing activities of daily living(D)Reported as others without full detail, (R) Right knee injury, (L) Left knee injury.
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Table 2

Functional outcome scores.

Journal of Clinical Orthopaedics and Trauma 59 (2024) 102805

S. Author & Year of Study Follow up Sample Lysholm Knee Scoring Scale IKDC Score Tegner Activity Scale
No (Months) Size N N N
Preop Postop Preop Postop Preop Postop
Mean sD Mean SD Mean sD Mean sD Mean SD Mean SD
1 Venkatesh Mulimani 6 35 51.20 7.58 92.74 437 2057 7.44 75.17 5.16 - - - -
etal., 2023
2 2 Nama et al., 2023 3 43 4050 19.80 84.6 3.6 - - - - - - - -
b Nama et al., 2023 6 43 4050 19.80 91.70 4.60 - - - - - - - -
¢ Nama et al., 2023 12 43 4050 19.80 9590 3.10 - - - - - - - -
9 Nama et al., 2023 24 43 40.50 19.80 99.1 1.1 - - - - - - - -
3 @ Joshi et al., 2023 12 30 63.46  4.56 90.18  1.37 - - - - - - - -
b Joshi et al., 2023 24 30 63.46  4.56 89.68 1.42 - - - - - - - -
4 Shekhar et al., 2022 6 30 71.37 8.22 86.02 9.29 67.60 8.67 82.68 10.22 1.60 0.62 3.27 1.38
5 Shetty et al., 2022 24 25 - - - - 50.86 1045 87.66 6.98 - - - -
6 2 Goyal et al., 2021 6 40 56.50 3.30 85.20 6.20 54.80 8.80 7710 3.50 - - - -
b Goyal et al., 2021 6 40 5540 4.00 87.30 4.60 54.00 4.90 7750 3.80 - - - -
7 2Chahar et al., 2021 8 30 63.00 1.29 9236 0.95 - - - - - - - -
bChahar et al., 2021 8 30 62.90 1.86 91.90 091 - - - - - - - -
8 @ Bhula Ratna Kumar 12 15 43.47 10.12 96.07 5.63 - - - - - - - -
etal., 2021
b Bhula Ratna Kumar 12 15 4133 1215 9540 5.67 - - - - - - - -
etal., 2021
9 Roshan et al., 2021 9 52 - - - - - - - - 5.70 1.19 5.20 1.06
10 Rajadurai et al., 2020 12 40 51.88  7.09 90.08 6.84 - - - - - - - -
11 Singh et al., 2020 6 20 - - - - 3461 198 79.02 131 1.05 0.61 4.60 0.50
12 @ Kumar S et al., 2020 6 35 72.00 5.00 82.00 4.60 - - - - - - - -
b Kumar S et al., 2020 9 35 72.00 5.00 89.00 4.70 - - - - - - - -
¢ Kumar S et al., 2020 12 35 72.00 5.00 93.00 4.60 - - - - - - - -
13 Sudhakar et al., 2020 12 30 48.84 596 89.41 544 - - - - - - - -
14 Gundavarapu et al., 6 40 - - - - 4453  3.63 88.53  3.99 - - - -
2020
15 Jain et al., 2019 5 45 71.00 6.86 91.67 5.90 65.07  9.00 89.54  6.09 - - - -
16 2 Shantanu et al., 2019 6 30 52.50 7.01 81.15 10.13 44.30 7.82 71.25 7.68 - - - -
b Shantanu et al., 2019 6 30 56.00 7.96 86.71  9.33 46.20 6.61 76.16  8.75 - - - -
17 2 Ranjan et al.,2018 6 52 53.20 855 91.80 2.45 37.00 6.55 85.20 3.66 - - - -
b Ranjan et al.,2018 6 50 52.00 7.06 83.40 2.52 38.50 4.92 74.90 2.77 - - - -
18 2 Gupta et al., 2018 3 21 57.00 13.08 8230 4.15 - - - - - - - -
b Gupta et al., 2018 6 21 57.00 13.08 90.90 1.62 - - - - - - - -
¢ Gupta et al., 2018 12 21 57.00 13.08 93.00 1.86 - - - - - - - -
19 Sinha et al., 2018 12 76 47.15 9.68 96.82 2.47 - - - - 5.89 0.68 5.87 0.67
20 Mishra et al., 2018 24 120 66.00 5.20 88.70 5.54 - - - - - - - -
21 @ Biswal et al., 2017 6 24 61.62 11.62 9417 4.63 50.20 9.5 91.33 477 - - - -
b Biswal et al., 2017 6 9 54.19 10.78 91.87 1.94 38.99 11.14 89.72 1.85 - - - -
22 13 pande et al., 2017 6 43 3965 7.24 87.37 264 4165 7.23 80.37 2.65 2.04 040 3.88 0.39
10) pande et al., 2017 12 43 3965 7.24 91.88 257 4165 7.23 90.88  2.57 - - - -
23 pande et al., 2017 6 49 39.43 7.72 87.12 2.89 43.43 7.73 81.12 2.90 1.88 0.45 3.86 0.41
2 pande et al., 2017 12 49 3943  7.72 9190 236 4343 7.73 89.90 236 - - - -
23 Manandhar et al., 2017 6 104 - - - - - - - - 4.15 145 372 1.34
24 Kumar C et al., 2017 24 62 75.06 7.67 9223 278 46.39  5.06 71.60 3.49 - - - -
25 Prasad et al., 2017 6 36 - - - - 42.45  9.68 81.87 1340 - - - -
26 Devgan et al., 2011 60 48 - - - - - - - - 8.00 1.10 7.00 1.80

2 At the respective follow-up period.

post and preoperative scores. Heterogeneity among different studies was
evaluated using the I2 statistics. Due to the presence of signifcant het-
erogeneity, random-effects model was used in the meta-analysis.™
Study variables were extracted and presented as either mean or per-
centage. Subgroup analyses were performed for follow-up period and
age. Funnel plots were used to explore publication bias and presented in
Figs. S1, S2, S3. (Supplementary material).

3. Results
3.1. Study selection

Systematic search resulted in 512 hits, which were reduced to 345
upon duplicate removal. The remaining 271 articles were subjected to
inclusion and exclusion criteria and resulted in further exclusion of 225
articles. Studies which did not present standard deviation were
excluded. A fnal total of 26 studies were pooled for overall qualitative
and quantitative analysis. Flow chart presented in Fig. 1 outlines the

strategic fow of study selection.

3.2. Qualitative and quantitative synthesis

3.2.1. Qualitative data synthesis

Details of the 26 studies, collected in Table 1 include author, publi-
cation year, sample size, follow-up months, gender, age, mode of injury,
side of injury, meniscus injuries, and presence of post operative com-
plications such as pain, swelling, infection and knee stiffness. These
studies were published from 2011 to 2023. Table 1 reveals a heteroge-
neous pattern of presenting various demographic and clinical data by
these studies. For example, study 1 and 3 did not report the gender
details. These studies also did not provide information such as side of
injury (Left or Right knee). Similarly, many studies did not report the
details of pain or swelling during follow-up. From these various studies,
we have extracted demographic profle of the patients which are pre-
sented in Table S1. The different studies used to extract the information
are identifed by the numbers given in the last column of Table S1.
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Post-op Pre-op Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
5.1.1 Follow-up to 6 months
Biswal et al.,2017 a) 9417 463 24 6162 1162 24 26% 32.55[27.55,37.55] -
Biswal et al.,2017 b) 9187 1.9 9 5419 1078 9 25% 37.68[30.52, 44.84] -
Goyal et al., 2021 a) 852 62 40 565 33 40 28% 28.70[26.52,30.88] -
Goyal et al.,2021 b) 873 46 40 554 4 40 28% 31.90[30.01,33.79 =
Gupta et al..2018 a) 823 415 21 57 1308 21 26% 25.30[19.43,31.17] -
Gupta et al.,2018 b) 99 162 21 57 13.08 21 26% 33.90([28.26, 39.54] -
Jain et al.,2019 9167 59 45 71 68 45 2.8% 20.67[18.03,23.31] -
Kumar C et al.,2017 9223 278 62 7506 767 62 28% 17.17[15.14,19.20] -
Kumar S et al.,2020 a) 82 46 3 T2 5 35 28% 10.00(7.75,12.25] =
Nama et al.,2023 a) 846 36 43 405 198 43 26% 44.10[38.08,50.12] =
Nama et al.,2023 b) 917 46 43 405 198 43 25% 51.20[45.12,57.28] -
Pande et al.,2017 1a) 87.37 264 43 3965 724 43 28% 47.72[45.42, 5002 -
Pande et al.,2017 2a) 8712 289 49 3943 772 49 28% 47.69[45.38,50.00] -
Ranjan et al., 2018 a) 918 245 52 532 855 52 28% 38.60[36.18,41.02] =
Ranjan et al., 2018 b) 834 252 50 52 706 50 28% 31.40[29.32,33.48] .
Shanthanu et al., 2019 a) 8115 1013 30 525 701 30 27% 28.65[24.24,33.06] -
Shanthanu et al., 2019 b) 86.71 933 30 5 79 30 27% 30.71[26.32, 35.10] -
Shekhar et al., 2022 86.02 929 30 7137 822 30 27% 14.65[10.21,19.09] -
VenkateshMulimani et al.,2023 9274 437 35 512 758 35 28% 41.54[38.64,44.44] =
Subtotal (95% CI) 702 702 51.1% 32.25[26.77,37.74] ¢
Heterogeneity: Tau? = 144.17; Chi? = 1190.75, df = 18 (P < 0.00001); * = 98%
Test for overall effect: Z = 11.53 (P < 0.00001)
§.1.2 Follow-up above 6 months
Bhula Ratna Kumaretal.,2021a) 96.07 563 15 4347 1012 15 26% 52.60 [46.74, 58.46] -
Bhula Ratna Kumaretal,2021b) 954 567 15 41.33 1215 15 2.5% 54.07[47.28,60.86] -
Chaharet al., 2021 a) 9236 095 30 63 129 30 28% 29.36[28.79,29.93] "
Chahar et al.,2021 b) 919 091 30 629 18 30 28% 29.00[28.26,29.74] E
Gupta et al.,2018 ¢) 93 186 21 57 13.08 21 26% 36.00([30.35,41.65] 2
Joshi et al.,2023 a) 9018 137 30 6346 456 30 28% 26.72[25.02, 2842 =
Joshi et al.,2023 b) 8068 142 30 6346 456 30 28% 26.22[24.51,27.93] -
Kumar C et al.,2017 9223 278 62 7506 767 62 28% 17.17[15.14,19.20] -
Kumar S et al.,2020 b) 8 47 3 T2 5 35 28% 17.00[14.73,19.27] =
Kumar S et al.,2020 ¢) 93 46 3B T2 5 35 28% 21.00[18.75,23.25] =
Mishra et al.,2018 887 554 120 66 52 120 28% 22.70[21.34,24.06] M
Nama et al.,2023 c) 959 31 43 405 198 43 26% 55.40[49.41,61.39] -
Nama et al.,2023 d) 991 1.1 43 405 198 43 26% 58.60[5267,64.53] -
Pande et al.,2017 1b) 9188 257 43 3965 724 43 28% 52.23[49.93,54.53] *
Pande et al.,2017 2b) 919 236 49 3943 772 49 28% 5247[50.21,54.73] E
Rajadurai et al.,2020 90.08 684 40 5188 7.09 40 27% 38.20[35.15, 41.25] -
Sinha et al.,2018 9682 247 76 4715 968 76 2.8% 49.67[47.42 51.92] -
Sudhakar et al., 2020 8941 544 30 4884 596 30 2.8% 40.57[37.68,43.46] -
Subtotal (95% Cl) 747 747 48.9% 37.32[33.07,41.58] ’
Heterogeneity: Tau? = 81.67; Chi? = 1877.73, df = 17 (P < 0.00001); I = 99%
Test for overall effect: Z = 17.18 (P < 0.00001)
Total (95% CI) 1449 1449 100.0% 34.74[31.58, 37.89] 0
Heterogeneity: Tau? = 92.05; Chi2 = 3074.05, df = 36 (P < 0.00001); = 99% f ™ 50 5 510 100:

Test for overall effect: Z = 21.58 (P < 0.00001)
Test for subgroup differences: Chiz = 2.05, df =1 (P =0.15), = 51.2%

Fig. 2. Functional outcome for follow-up periods using LKSS.

Pooling of the 26 studies resulted in 1218 participants with 87 % men
and 16%women. Right knee injuries were higher (56 %) than left knee
injuries (44 %). Mode of injury was in the order of sports injuries > RTA
> falls. Pain was the most frequently reported postoperative complica-
tion followed by swelling, infection, and knee stiffness.

3.2.2. Quantitative data synthesis

Three scoring systems (LKSS, IKDC and TAS) were found to be widely
used for pre- and post operative evaluation of knee function (Table 2).
LKSS is used by majority (19) of the studies. While 13 studies docu-
mented IKDC only 7 reported TAS score. A few studies were found to use
more than one scoring system. Similarly follow-up period also varied
from as short as 3 months to a very long period of 60 months.

3.3. Functional scores analysis

3.3.1. Lysholm Knee Scoring Scale

A total of 702 participants for follow-up to 6 months and 747 par-
ticipants for follow-up above 6 months were pooled for analysis. The
mean difference between the post and pre-operative scores was used to
assess ACLR outcome. The results are presented in the Forest plot (Fig. 2)
The overall effect was statistically signifcant in both the groups.

Although there was a slightly better functional score for follow-up above
6 months (37.32 vs 32.25), the difference is not statistically signifcant
(p 0.15). However, both the groups showed high (I2) heterogeneity.

3.3.2. IKDC classifcation

The functional outcome for follow-up to 6 months and follow-up
above 6 months was evaluated in a similar way using IKDC scores. For
this analysis, 573 participants for follow-up to 6 months, 179 patients for
follow-up above 6 months were pooled. The results are presented in
Fig. 3. For both the follow-ups, the overall effect was statistically sig-
nifcant. The IKDC scoring also showed a marginal increase for follow-up
above 6 months. Nevertheless the subgroup differences were not sig-
nifcant (p 0.64). The heterogeneity is a limiting factor in the
conclusion.

3.3.3. Tegner activity scale

Only limited number of studies had reported TAS score (Table 2).
Pooling 246 patients for follow-up to 6 months and 176 for follow-up
above 6 months, a meta analysis was performed and the results are
presented in Fig. 4. In contrast to LKSS and IKDC-based analysis, the TAS
scoring system shows poor knee score for follow-up above 6 months.
Further, the difference between both the follow-up periods was
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Post-op Pre-op Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
3.1.1 A. Followup to 6 months
Gundavarappu et al., 2020 8853 399 40 4453 363 40 51% 44.00[42.33 4567] -
Pande et al. 2017 1a) 8037 265 43 4165 723 43 51% 3872[36.42 41.02] =
Pande et al. 2017 2a) 8112 29 49 4343 773 49 51% 37.69[35.38 40.00] =
Prasad et al, 2017 8187 134 36 4245 968 36 48% 3942[34.02 44.82] =
Biswal et al., 2017 a) 9133 477 24 502 945 24 49% 41.13[36.89,45.37] -
Biswal et al. 2017 b) 89.72 1.85 9 3899 11.14 9 45% 50.73[43.35,58.11] =
Goyal et al., 2021 a) 771 35 40 548 88 40 50% 2230[19.37,25.23] =
Goyal et al.,2021 b) 775 38 40 54 49 40 51% 2350[21.58 2542] -
Jain et al. 2019 89.54 6.09 45 65.07 9 45 50% 2447[21.29 27.65] -
VenkateshMulimani etal. 2023 7517 516 35 2057 744 35 50% 5460[51.60,57.60] =
Ranjan et al. 2018 a) 852 366 52 37 655 52 51% 4820[46.16,50.24] =
Ranjan et al. 2018 b) 749 277 50 385 492 50 51% 36.40([34.83 37.97] -
Shantanu et al., 2019 a) 7125 768 30 443 782 30 50% 26.95[23.03 30.87] -
Shantanu et al., 2019 b) 7616 875 30 462 661 30 50% 29.96[26.04,33.88] =
Shekhar et al. 2022 8268 1022 30 676 867 30 49% 1508[10.28 19.88] =
Singh et al., 2020 7902 131 20 3461 198 20 51% 4441[43.37,4545] -
Subtotal (95% CI) 573 573 79.9% 36.06 [31.37,40.76] ¢
Heterogeneity: Tau? = 88.63; Chi2 = 949.79, df = 15 (P < 0.00001); I* = 98%
Test for overall effect: Z = 15.05 (P < 0.00001)
3.1.2 B. Followup above 6 months
Shetty et al, 2022 8766 698 25 508 1045 25 48% 36.80[31.87,41.73] Ea
Kumar C et al., 2017 716 349 62 4639 506 62 51% 2521[23.68 26.74] =
Pande et al. 2017 2b) 899 236 49 4343 773 49 51% 46.47[44.21,4873] -
Pande et al. 2017 1b) 90.88 257 43 4165 723 43 51% 49.23[46.94,5152] *
Subtotal (95% Cl) 179 179 20.1% 39.43[25.90, 52.96] S 4
Heterogeneity: Tau? = 188.11; Chiz = 401.20, df = 3 (P < 0.00001); 2= 99%
Test for overall effect: Z=5.71 (P < 0.00001)
Total (95% Cl) 752 752 100.0% 36.74 [32.36, 41.13] ¢

. 2= 3 i2 = - C 2 = I 1 + |

Heterogeneity: Tau? = 97.16; Chi? = 1373.28, df = 19 (P < 0.00001); 2= 99% m A } 50 0

Test for overall effect: Z = 16.41 (P < 0.00001)
Test for subaroup differences: Chi2 = 0.21, df =1 (P = 0.64), 2= 0%

Fig. 3. IKDC-based functional outcome analysis.

Fig. 4. Outcome analysis using TAS.

statistically signifcant (p < 0.0001).

3.4. Association of age

Age, gender, BMI, time since injury to ACLR, graft type and smoking
status are reported to be associated with patient-reported outcomes after
ACLR. Unfortunately Indian studies have not critically focused on these
factors. Most of the Indian patients are male and hence we are unable to
evaluate gender association. Nevertheless, based on age, two groups
were created, viz; < 30 years and >30 years. For follow-up to 6 months,
253 participants of age <30 years and 153 of age >30 years were pooled

for analysis. Results presented in Fig. 5 shows no statistical difference (p

0.62) between the groups. A follow-up above 6 months analysis by
pooling 283 participants for age <30 and 238 for age >30 also shows
(Fig. S4) similar trend with p  0.74. Although overall effect was sta-
tistically signifcant, the high heterogeneity is a factor of concern.

By pooling 231 participants for age <30 and 189 for age >30, a
similar analysis was conducted using IKDC scores. Results (Fig. S5)
showed a good similarity between the IKDC and LKS scoring systems.
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Fig. 5. Analysis of age association using LKSS.

4. Discussion

ACLR has emerged as the standard of care for ACL injuries to restore
the knee’s stability and functionality.’®** Our review shows that ma-
jority of the male participants were affected (86 %) by ACL injury,
because Indian males are more exposed to working in a strenuous
environment as well as more engaged in professional. Similarly Gera
et al., reported ACL injury was commonly noted in male patients (89 %).
The increase in professional sports activities and use of automobiles by
Indian women is likely to change this scenario. ACL injuries were mostly
commonly encountered in sports injuries (52.15 %) followed by RTA
(30.58 %) whereas previous study reported 50 % of injuries were caused
by RTA.%? The review also fnds 55.96 % of patients had right knee in-
juries, with the most common post surgery symptoms being pain (42.47
%), swelling (27.0 %), infection (6.33 %), and knee stiffness (4.24 %).
Right knee injuries were commonly observed among Indian populations.
Chodavarapu et al., reported that 60 % of patients with injuries in the
right knee had instability followed by pain.*

When pooling data for follow-up to 6 months and follow-up above 6
months period, the overall effect was statistically signifcant, suggesting
a meaningful impact of ACLR on functional outcomes. Additionally,
subgroup differences were not statistically signifcant for LKSS and IKDC
scores, indicating that the benefts of ACLR persist over time without
signifcant variance between follow-up to 6 months and follow-up above
6 months outcomes.** This may be because of the reason that the dif-
ference in follow-up time between the two groups is not large enough.
However, TAS score showed statistically signifcant subgroup differ-
ences. TAS is a simplifed tool. It includes occupational function and
hence may not be ideal for discriminating overall functional scores.*®
TAS has 11 level activity scale (activities of daily living, work-related
activity, and recreational/competitive sports) whereas IKDC has 3
components (symptoms, sports/activities, function) and LKSS has 8
components (pain, instability, locking, swelling, stair climbing, cane/-
crutch use, squatting, limping).“®

The discrepancy in TAS scores may be attributed to the nature of the
scale itself, as it primarily focuses on occupational and recreational ac-
tivities, whereas LKSS and IKDC encompass a broader range of func-
tional aspects, such as pain, swelling, and instability. In addition to these
three scores, Indian studies may use other scores like Cincinnati knee
score, KOOS score (Knee injury and osteoarthritis outcome).?*3!

In the present study, age subgroup differences were not statistically
signifcant for LKSS and IKDC scores, indicating that people >30 years of

age also get benefted by ACLR. Several studies have reported better
ACLR outcome in younger patients.*’ For individuals with the mean age
of 29.5 years, ACLR is reported to provide long-term stability and
symptomatic relief.”® In some studies, a high rate of clinically and
functionally satisfactory results have been reported in patients over 50
years.”® An Indian study has explored the association between age, time
since injury, meniscal injury and functional outcome.>* There is no
uniform data capture format in the reported Indian studies. Secondary
outcome such as time since injury, ease of procedure, quality of life,
pain, swelling, infection, graft rupture, screw breakage are not reported
by many of these studies. Cost-beneft ratio is also not investigated.

Meta-analysis results of our study showed high heterogeneity,
emphasizing outcome variations across different studies. This can be
because of statistical or clinical heterogeneity. When individual studies
have results that are not consistent with each other, the statistical het-
erogeneity may arise. On the other hand, clinical heterogeneity can
occur due to differences in the population investigated, the study set-
tings, etc. Functional outcome of post-ACLR depends on demographic,
psychologic, intraoperative and postoperative factors. Patient-related
factors such as age, gender, BMI, time since injury, activity level, asso-
ciated meniscus injury are reported to have association with functional
outcomes. A better understanding of the relationship between patient-
related factors and Fnal outcome might be useful to develop more eff-
cient pre- and postoperative protocols to minimize re-surgery and
maximize the expected postoperative outcomes.

Future studies should address the predictors of outcome such as like
age, BMI, gender, time of injury to surgery for prognosis and cost-beneft
analysis. It should report secondary outcomes such as quality of life, ease
of procedure, swelling, graft rupture, pain, infection, and screw
breakage, to better understand the overall impact of ACLR. It should
adopt a standardized format for data collection and reporting to facili-
tate better synthesis and comparison across studies. Also, the follow-up
of various Indian studies is limited. In this review, 14 studies had a
follow-up for 6 months, 9 studies had 12 months follow-up, 4 studies had
24 months follow-up and only one study had a follow-up for 5 years.
International studies have investigated the ACLR outcome for long
follow-up period even up to 5 years.”>®' Hence future Indian studies
may focus a minimum of 2 year follow-up and large sample size to
illustrate the outcome of ACLR.
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5. Conclusion

ACL injuries are on the rise in India. The widely used knee scoring
systems indicate overall functional improvement upon ACLR. The pre-
sent study is limited by the high level of heterogeneity. There are very
few Indian studies to understand factors affecting the functional
outcome. In the light of increasing ACL injuries as well as the cost of
ACLR, future studies of stronger designs are needed to focus on the
predictors of ACLR outcomes which may help to achieve safe and
decreased long term complications.
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