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Abstract

Anterior cruciate ligament (ACL) rupture is a common and debilitating knee injury that can significantly
impair knee function and stability. The optimal management of ACL injuries remains a topic of ongoing
debate, with two primary treatment approaches being surgical reconstruction and adequate rehabilitation.
The aim of this study is to compare the knee function and stability outcomes between these two treatment
modalities, shedding light on their respective effectiveness.

We utilized Scopus, PubMed, Cochrane Database, MEDLINE, and Web of Science from inception until April
20, 2022. We utilized the Cochrane risk of bias tool for quality assessment. The following outcomes were
assessed: Knee Injury and Osteoarthritis Outcome Score (KOOS), International Knee Documentation
Committee (IKDC) Subjective Knee score, Lysholm score, the occurrence of the knee giving way, Tegner
score, KT1000, Lachman test, pivot shift test, SF-36 score to assess the quality of life, and incidence of
reinjury and reoperation.

We included a total of six trials with a population sample size of 691 patients, which were divided into
surgical versus non-surgical groups, accounting for 348 and 343 patients, respectively. The pooled estimate
demonstrated that the surgical reconstruction was associated with a significant increase in the IKDC score
(MD = 7.49 [2.04, 12.94], (P = 0.007)), and KOOS score was significant in the reconstruction cohort (MD = 5.87
[1.64, 10.09], (P = 0.007)). The incidences of reoperation (RR = 0.43 [0.20, 0.91], (P = 0.03)), reinjury (RR = 0.49
[0.27, 0.88], (P = 0.02)), and occurrence of the knee giving way (RR = 0.19 [0.08, 0.49], (P = 0.005)) were
significantly decreased in the surgical cohort. There is no significant difference between both cohorts
regarding the Lysholm score (1.27 [-1.39, 3.93], (P = 0.35)).

The findings of this comprehensive analysis indicate that early reconstruction does not demonstrate clear
superiority over rehabilitation alone in terms of knee function, Lysholm score, and Tegner score among
patients with ACL rupture. However, early reconstruction does exhibit a substantial reduction in the
incidence of reinjury, reoperation, and knee giving way, suggesting potential benefits in terms of stability
outcomes. These results underscore the importance of considering individual patient characteristics and
preferences in treatment decision-making.

Categories: Orthopedics, Sports Medicine
Keywords: orthopedic sports medicine, meta-analysis, anterior cruciate ligament, rehabilitation, reconstruction

Introduction And Background
Introduction

One of the primary factors contributing to knee stabilization and function is the anterior cruciate ligament
(ACL), which limits anterior tibia movement relative to the femur and aids in tibial rotational stability [1,2].
ACL injuries, often resulting from acute trauma, can be debilitating, particularly in young athletes [3-5].
Knee instability, painful swelling, and associated meniscal injury are key symptoms of ACL injury [6].
Furthermore, ACL injury heightens the risk of knee osteoarthritis (OA), with reported prevalence ranging
from 40% to 70% [7,8]. Long-term monitoring of soccer players underscores the importance of managing
anterior tibial translation through intensive rehabilitation or ACL reconstruction to curtail meniscal injuries
and degeneration [9]. Treatment strategies for ACL injury depend on activity levels, injury types, and
instability degree [10]. Patients with low-intensity activity and mild symptoms may respond to physical
therapy, while those with severe injuries and pronounced symptoms may require surgery. The KANON trial
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demonstrated successful non-surgical treatment in around 50% of patients [11,12]. Despite ACL
reconstruction offering improved stability and performance, the risk of OA development remains higher
compared to an uninjured knee [13]. Enhancing neuromuscular function correlates with better outcomes
and OA prevention [14], as muscle power is indicative of OA development; robust physiotherapy and
rehabilitation can strengthen knee muscles, reducing OA risk [15]. This meta-analysis aims to evaluate two
common treatments, surgical reconstruction and rehabilitation, concerning knee function, OA occurrence,
and quality of life.

Methods

We searched PubMed, Scopus, Cochrane Database, Web of Science, and MEDLINE from inception until April
20, 2022, using expert-assisted search strategies with the terms “Surgery,” “Reconstruction,” “Non-surgical,”
and “Rehabilitation.”

s

Database search

We explored PubMed, Scopus, Cochrane Database, Web of Science, and MEDLINE from inception until April
20, 2022. An expert database librarian assisted in performing the ideal search strategy. We used the
following terms: “Surgery,” “Reconstruction,” “Non-surgical,” and “Rehabilitation.”

»

Eligibility criteria

We included all studies that met the following evidence-based PICOS (population, intervention, comparison
outcomes, and study design) criteria: (i) population: patients who had ACL injuries; (ii) intervention: ACL
reconstruction surgery; (iii) comparison: adequate rehabilitation and physiotherapy; (iv) outcomes:
reporting of at least one of the predetermined primary or secondary endpoints; and (v) study design: clinical
trials published in peer-reviewed journals. We excluded all studies that met the following criteria: (i)
patients who had knee injuries other than specifically ACL injuries, (ii) patients who received mixed surgical
and non-surgical interventions at the same time, (iii) studies that had no reliable extraction of data or did
not report at least one of our predefined outcomes, and (iv) studies with methodological designs other than
clinical trials, such as conference abstracts, animal studies, single-arm investigations, and pharmacokinetic
interrogations.

Screening of results

The studies were imported into Excel using the EndNote X8.0.1 version as the first stage in the screening
process. The studies in the Excel sheet were then screened for titles and abstracts. The authors then read
over the complete texts of the research from the previous step.

Extraction of data

Two independent authors retrieved the data from the involved studies. They took the demographic
information about the patients; information about the primary and secondary outcomes, such as Knee Injury
and Osteoarthritis Outcome Score (KOOS), International Knee Documentation Committee (IKDC) Subjective
Knee score, Lysholm score, probability of the knee giving way, Tegner score, KT1000, Lachman test, pivot
shift test, SF-36 score to evaluate the quality of life, and probability of reinjury and reoperation; and finally,
the data required for the quality assessment.

Risk of bias assessment

We performed the quality assessment of the involved trials using the Cochrane risk of bias tool. This
assessment included adequate blinding, allocation concealment, and randomization of patients through
seven domains. The evaluation of domains yielded a high, unclear, or low risk of bias.

Statistical analysis

Using the Mantel-Haenszel method, we examined the dichotomous data and summarized them as risk ratio
(RR) with a 95% confidence interval (CI). On the other hand, using the inverse-variance method, we
examined the continuous data and summarized them as mean difference (MD) with 95% CI. RevMan
Software was used to analyze all the data [16]. To measure the extent of heterogeneity of our pooled

outcomes, we employed the chi-square test and 1% index. Heterogeneity was determined based on P > 0.1 or

12 > 50% [ 17]. The fixed-effects model was utilized to analyze homogeneous outcomes. Conversely, the
random-effects model was utilized to analyze heterogeneous outcomes. The random-effects model is
fundamentally based on the inverse-variance methodology, rendering an adjustment to the study weights
according to the extent of heterogeneity, among the different intervention effects. We applied Cochrane's
leave-one-out sensitivity analysis method in an attempt to resolve the source of heterogeneity, by omitting
one study at a time (i.e., zero weight on forest plots) and then recalculating the pooled effect size of the
remaining studies.
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Results
Summary of Included Studies

Our electronic search results are presented in the PRISMA flow diagram (Figure I). Six papers meeting our
eligibility criteria were included [11,12,18-21], encompassing a total of 691 patients with ACL tears. Among

them, 343 patients were assigned to the rehabilitation cohort, while 348 patients underwent surgical repair.

Both patient cohorts had an average age of 27.4 years. A detailed list of the included trials, along with
information on patient age, gender, BMI, Tegner score before injury, nation, and sample size, is provided.
Tables I, 2 show additional baseline data.
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FIGURE 1: PRISMA flow chart
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Study ID

Reijman et al.,
2021 [19]

Frobell et al., 2010
[11]

Frobell et al., 2013
[12]

Sandberg et al.,
1987 [21]

Meunier et al.,
2007 [18]

Tsoukas et al.,
2016 [20]

Country

Netherlands

Sweden

Sweden

Sweden

Sweden

Greece

Follow-up (years),

(median)

10.3 (10-11)

Sample size (n)

Surgery

85

62

61

81

42

Non-

surgery

82

59

59

76

52

Age (years), (mean, SD)

(median, range)

Surgery

31.2(10.3)

26.3 (5.1)

26.4 (5.1)

28 (15-61)

22 (14-30)

31(20-36)

Non-surgery

31.4 (10.7)

25.8 (4.7)

25.8 (4.7)

NR

21 (14-30)

33 (25-39)

TABLE 1: Demographic data about the included participants

N, number; SD, standard deviation; BMI, body mass index; NR, not reported

BMI (mean, SD)

(median, range)

Surgery

24.3(37)

24.4(3.2)

245 (3.1)

NR

NR

NR

Non-surgery

25 (4.1)

23.8 (2.6)

23.8 (2.6)

NR

NR

NR

Women (%)

Non-
Surgery

surgery
36 31

(42.4)  (37.8)

12(19) 20 (34)

12/(20) 20 (34)

NR NR

11(25)  21(37)

NR NR

College education,

Paid work, n (%)

n (%)
Study ID
Non-
Surgery Surgery
surgery
Reijman et al., 30 71
1 36 (43.9)
2021 [19] (35.3) (83.5)
Frobell et al.,
2 21(34) 23(39) 42 (68)
2010 [11]
Frobell et al.,
3 NR NR NR
2013 [12]
Sandberg et al.,
4 NR NR NR
1987 [21]
Meunier et al.,
5 NR NR NR
2007 [18]
Tsoukas et al.,
6 NR NR NR

2016 [20]

Non-

surgery

64
(78.0)

37 (63)

NR

NR

NR

NR

Tegner score before injury (mean,

SD), median (IQR)

Surgery

7.0 (2.3)

9(7-9)

9(7-9)

NR

NR

NR

Non-surgery

7.1(2.0)

9 (7-9)

9 (7-9)

NR

NR

NR

TABLE 2: Baseline characteristics of knee condition

N, number; SD, standard deviation; BMI, body mass index; NR, not reported

ACL injury during
sport, n (%)

Non-
Surgery

surgery
76

71 (86.6)
(89.4)
62

57 (97)
(100)
NR NR
NR NR
NR NR
NR NR

Objective AP knee

instability, n (%)

Surgery

85 (100)

61(98)

60 (98)

NR

NR

NR

Non-surgery

82 (100)

58 (98)

58 (98)

NR

NR

NR

Meniscal tear

Non-
Surgery

surgery
38 37

(44.7)  (45.1)

39(63) 30 (51)

NR NR
NR NR
NR NR
NR NR

Results of Risk of Bias Assessment

Based on Cochrane’s tool, the included studies’ overall quality was rated as having a moderate risk of bias.
We classified all of the trials [11,12,18-21] as low risk because they all reported adequate randomization. Two
studies [11,20] were classified as low risk for allocation concealment, whereas the rest of the studies lacked
sufficient data and were labeled as ambiguous risks. The remaining quality assessment domains are
illustrated in Figure 2.
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FIGURE 2: Summary of risk of bias

Frobell et al., 2010 [11]; Frobell et al., 2013 [12]; Meunier et al., 2007 [18]; Reijman et al., 2021 [19]; Sandberg et
al., 1987 [21]; Tsoukas et al., 2016 [20]

Analysis of outcomes
IKDC Score

Two studies [19,20] reported IKDC scores. The pooled estimate showed no heterogeneity (P = 0.49); 12=0%.
And the overall analysis demonstrated that the IKDC score is significantly higher in the surgical
reconstruction cohort than in the rehabilitation cohort (MD = 7.49 [2.04, 12.94], (P = 0.007)) (Figure 3).
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Surgical reconstruction Rehabilitation Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean  SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
Reijman 2021 BlY 275 B5 794 2679 82 438% 530[293,1353 L
Tsoukas 2016 86.7 6.5 17 775 13 15 56.2% 9.20[1.93,1647) 5 3
Total (95% CI) 102 97 100.0% 7.49[2.04,12.94] ¢
Helerogeneity: Chi= 0.48, df= 1 (P = 0.48); F= 0% f i

00 -6 0 0 1m

Testfor overal eflect 2= 269 (P = 0.007) Surgical reconstruction Renabilitation

FIGURE 3: IKDC outcome

KOOS Score

KOOS score is reported by four studies [11,12,18,19]. It is a self-reported questionnaire that includes five
subscales (pain, symptoms, activities of daily living, sport, and quality of life); therefore, we conducted a
sub-analysis of each scale (Figure 4).

Surgical reconstruction Rehabilitation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Pain
Frobell 2010 87.2 1486 62 87.7 1489 59 78%  -0.50[5.80,4.80] S
Frobell 2013 91 11.95 61 91 11.51 59 124% 0.00[-4.20, 4.20] A
Meunier 2007 84.5 32 42 865 305 52 1.3% -2.00[-14.74,10.74] —
Reijman 2021 90.5 329 85 871 31.87 82 23% 340[6.42,1327) =]
Subtotal (95% CI) 250 252 238%  0.05[-2.98,3.08] <>

Heterogeneity: Chi®= 0.59, df= 3 (P = 0.90), F= 0%
Test for overall effect: Z= 0.03 (P = 0.98)

1.2.2 Symptoms

Frobell 2010 787 214 62 83 18 59  45% -4.30[11.28, 2.68] —e
Frobell 2013 83 1793 61 87 1534 59 62%  -4.00(-9.96,1.96] ]
Meunier 2007 76.5 489 42 825 278 52 08% -6.00[-22.61,1061]

Reijman 2021 86.8 301 85 825 291 82 27% 4.30[4.68,13.28] —
Subtotal (95% CI) 250 252 14.2%  -2.62[-6.55,1.32] -

Heterogeneity: Chi*= 287, df=3 (P=0.41); F=0%
Testfor overall effect: Z=1.30 (P =0.19)

1.2.3 Activities of daily living

Frobell 2010 935 1185 62 947 9798 59 147%  -1.20[5.07,267] -
Frobell 2013 a5 9.96 81 97 767 59 211.7%  -2.00[517,1.17] =
Weunier 2007 925 1925 42 805 287 52 23% 200[7.73,11.73 —

Reijman 2021 93.6 3649 85 92 36.03 82 1.8% 1.60[9.46,1266) —]

Subtotal (95% CI) 250 252 405%  -1.32[-3.65,1.00] <
Heterogeneity: Chi* = 0.89, df= 3 (P=0.83), F=0%

Test for overall effect: Z=1.11 (P = 0.26)

1.2.4 Sport

Frobell 2010 e 7.7 62 712 286 59 22% 0.60[-9.44,1064] —

Frobell 2013 76 239 61 79 2494 59  29% -300[11.74,574] N
Meunier 2007 66 68.99 42 67 422 52 0.4% -1.00[-24.81,22.81]

Reijman 2021 80.8 24.69 85 728 24.94 82 3.9% 8.00[0.47,15.53]

Subtotal (95% CI) 250 252 9.3%  2.50[-2.35, 7.36] e
Heterogeneity: Chi*=3.79, df=3(P=0.29), F=21%

Testfor overall effect Z= 1.01 (P = 0.31)

1.2.5 Quality of life

Frobell 2010 B67.3 241 62 63 241 59 30% 4.30[-4.29,12.89) -

Frobell 2013 711992 61 69 2302 59 37%  200[571,971] —T
Meunier 2007 635 36.9 42 615 359 52 1.0% 200[1282,16.82

Reijman 2021 766 22.57 85 658 22.86 82 46% 1080(3.91,17.69]

Subtotal (95% Cl) 250 252 123%  5.87[1.64, 10.09] g
Heterogeneity: Chi*= 3.32, df= 3 (P=0.34), F=10%

Testfor overall effect Z= 2.72 (P = 0.007)

Total (95% CI) 1250 1260 100.0%  0.06 [-1.42, 1.54] L 2
Heterogeneity: Chi*= 22.82, df= 19 (P = 0.25); F= 17% g = P 5

Testfor overall effect Z= 0.07 (P = 0.94)

Surgical reconstruction Rehabilitation
Test for subaroup differences: Chi*= 11.36. df= 4 (P=002), F=64.8%

FIGURE 4: KOOS outcome

Regarding pain, we found no difference between either cohort (MD = 0.05 [-2.98, 3.08], (P = 0.98)). Retrieved
data were homogeneous (P = 0.90); %= 0%.

As for the symptom scale, the overall estimate did not show a significant variation between both cohorts
(MD = -2.62 [-6.55, 1.32], (P = 0.19)), and the data were homogenous (P = 0.41); %= 0%.

Concerning activities of daily living scale, both cohorts showed similar results with no significant variation
(MD =-1.32 [-3.65, 1.00], (P = 0.26)). The overall MD was homogenous (P = 0.83); %= 0%.

Regarding the sports scale, the combined MD showed comparable values in both cohorts (MD = 2.50 [-2.35,
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7.36], (P = 0.31)). The analysis was homogenous (P = 0.29); 12=21%

As for the quality of life scale, we found that patients allocated to the surgical reconstruction cohort
reported better results than those who were allocated to the rehabilitation cohort (MD = 5.87 [1.64, 10.09], (P

=0.007)). The overall estimate was homogenous (P = 0.34); %= 10%.

Lysholm Score

Three studies [18,19,21] reported the Lysholm score. Data were homogeneous (P = 0.13); 12=51%. Both
cohorts showed similar scores, and the difference between them was not significant (1.27 [-1.39, 3.93], (P =
0.35)) (Figure 5).

Surgical reconstruction Rehabilitation Mean Difference Mean Difference
Study or Subgroup  Nean SD  Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Meunier 2007 95 802 427 90 1616 62 281% 500F0.02,1002 —
Reijman 2021 906 2469 B 871 2402 82 130% 35013891089 =1 =
Sandberg 1987 89 13100 90 12 100 58.9% -1.00[447,247)
Total (95% CI) 221 234 100.0% 1.27[-1.39,3.93]

05 0 5 10
Surgiea\ reconstruction Rehabilitation

Heterogeneity: Chi*=4.12,df=2 (P = 0.13), F=51%
Testfor overall effect 2= 094 (P = 0.35)

FIGURE 5: Lysholm score

Knee Giving Way Occurrence

Only two studies [19,21] reported this outcome. The occurrence of the knee giving way was significantly
higher in the rehabilitation cohort (RR = 0.19 [0.08, 0.49], (P = 0.005)). The combined data were homogenous
(P =0.78); I = 0% (Figure 6).

Surgical reconstruction  Rehabilitation Risk Ratio Risk Ratio

Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C1
Reijman 2021 2 31 12 80 474%  046([0.04,0.71) ——
Sandberg 1987 3 81 13 76 526% 022(0.06,073 ——
Total (95% CI) 162 156 100.0%  0.19]0.08,0.49] B i
Total events 5 2%

i 2= - - 12 = k I I I
Heterogeneity. Chi*= 0.08, df=1 (P=0.78); F=0% o Y 10 o

Testfor overall effect Z= 3.46 (P = 0.0009) Surgical reconstruction Rehabilitation

FIGURE 6: Occurrence of the knee giving way outcome

KT1000

KT1000 was reported by three studies [11,18,20]. The pooled estimate showed that KT1000 was significantly
lower in patients allocated to the surgical reconstruction cohort (MD = -2.28 [-3.26, -1.29], (P < 0.001)). We
observed heterogeneity among data (P = 0.006); 12 = 80%; therefore, we applied a random-effects model. We
could solve it by excluding the study by Tsoukas et al., 2016 (P = 0.84); 12 = 0%. The MD after heterogeneity
was solved, which also showed that KT1000 was lower in the surgical reconstruction cohort (MD = -1.77
[-2.48,-1.05], (P < 0.001)) (Figure 7).
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Surgical reconstruction Rehabilitation Mean Difference

Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95%Cl IV, Random, 95% CI A
Frabell 2010 6.6 24 62 83 29 59 305% -1.70[-265-0.79) —a—

Meunier 2007 225 245 42 41 29 52 282% -1.85(293-077] ——

Tsoukas 2016 15 0.2 17 45 05 15 413% -3.00[327,-273] L

Total (95% CI) 121 126 100.0% -2.28[-3.26,-1.29] E

Heterogeneity: Tau®= 0.59; Chi*=10.08, df = 2 (P = 0.006); F= 80% 34 52 é i
Testfor overall effect. 2= 4.53 (° < 0.00001) Surgical reconstruction Rehabilitation

Surgical reconstruction Rehabilitation Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI B
Frahell 2010 1] 24 62 83 29 59 46.4% -1.70[-265,-0.79] —

Meunier 2007 225 245 42 41 29 52 436% -1.85[293,-0.77] ——
Tsoukas 2016 15 02 17 45 05 15 00% -300[327,-273
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FIGURE 7: KT1000 outcome

Tegner Score

Four studies [11,12,18,20] reported the Tegner score. The combined MD showed similar scores in both
cohorts (MD = 0.58 [-0.29, 1.46], (P = 0.19)). However, we observed heterogeneity among studies (P = 0.001);

12 = 81%. We could solve this heterogeneity by leaving out the study by Tsoukas et al., 2016 (P = 0.70); I 2
0%. After solving heterogeneity, the overall MD also showed no favoring between both cohorts (MD = 0.10

[-0.33, 0.54], (P = 0.64)) (Figure 8).

Surgical reconstruction Rehabilitation Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI IV, Random, 95% CI A
Frobell 2010 5.8 37 62 53 22 53 21.9% 0.50 [0.58, 1.58] -
Frobell 2013 45 33 61 43 37 53 196% 0.20 [-1.06, 1.48] o
Meunier 2007 5 1.25 42 5125 52 296% 0.00 [0.51,0.51] =
Tsoukas 2016 6.5 05 17 5 1 15 29.0% 1.50 [0.94, 2.06) =
Total (95% CI) 182 185 100.0% 0.58 [-0.29, 1.46] o
Heterogeneity. Tau?= 0.60, Chi*= 15.71, df= 2 (P = 0.001), F=81% _:4 :2 é t
Testfor overall effect: Z=1.31 (P=0.19) Surgical reconstruction Rehabilitation
Surgical reconstruction Renhabilitation Mean Difference Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI B
Frohell 2010 5.8 37 62 53 22 58 16.0% 0.50[-0.58, 1.58]
Frobell 2013 4.5 33 B1 43 37 58 11.8% 0.20[-1.08, 1.46]
Meunier 2007 ] 124 42 5 1.2% 82 722% 0.00[-0.51,051]
Tsoukas 2016 6.5 0.5 17 5 1 15 0.0% 1.50[0.94, 2.06]
Total (95% CI) 165 170 100.0%  0.10[-0.33,0.54]

Heterogeneity: Tau®= 0.00; Chi*=0.70, df= 2 (P = 0.70); F= 0%
Testfor overall effect. 2= 0.47 (P = 0.64)

FIGURE 8: Tegner score

Lachman Test

Data on Lachman test outcomes were reported by three studies [11,12,18]. The overall estimate did not favor

any cohort (RR = 1.57 [0.64, 3.84], (P = 0.32)). Data were heterogeneous (P < 0.001); 12 = 95%; therefore, we

I ST S R

Surgical reconstruction  Rehabilitation

tried the random-effects model. Heterogeneity could be solved by excluding the study by Meunier et al.,

2007 (P =0.79); 12 = 0%. The combined estimate after solving heterogeneity showed that non-surgical

techniques were associated with lower values than the surgical cohort (MD = 2.29 [1.70, 3.07], (P < 0.001))

(Figure 9).
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FIGURE 9: Lachman test

Surgical reconstruction Rehabilitation

Pivot Shift Test

Four studies [11,12,18,21] reported data on the pivot shift test. We performed a subgroup analysis according
to the severity of ACL injury. The complete tear cohort included two studies (RR = 0.50 [0.37, 0.69], (P =
0.02)). The partial tear cohort also involved two studies (RR = 0.44 [0.31, 0.62], (P = 0.001)). The overall
incidence of pivot shift was significantly lower in the surgical cohort (RR = 0.47 [0.37, 0.59], (P = 0.001)). The

analysis showed homogeneous data (P = 0.64); 2= 0% (Figure 10).
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FIGURE 10: Pivot shift test outcome

Reinjury

Three trials [18,19,21] reported the reinjury outcome. The incidence of reinjury was significantly lower in the
surgical cohort (RR = 0.49 [0.27, 0.88], (P = 0.02)). The analysis was homogeneous (P = 0.20); 12 =38%

(Figure 171).

Surgical reconstruction  Rehabilitation Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H,Fixed, 95% CI M-H, Fixed, 95% CI
Meunier 2007 5 42 18 52 546%  0.34[0.14,085 —a—
Reijman 2021 4 85 2 82 6.9% 1.93(0.36,10.25) =
Sandberg 1987 5 81 " 76 385%  043[016,1.17) —
Total (95% CI) 208 210 100.0%  0.49[0.27,0.88] >
Total events 14 K]l
Heterogeneity: ChiF= 3.24, df= 2 (P = 0.20); F= 38% :001 051 110 100{

Testfor overall effect Z= 2.37 (P=0.02)

FIGURE 11: Reinjury outcome

Surgical reconstruction Rehabilitaion

Reoperation
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Two studies reported the need for reoperation [18,19]. The combined RR showed that the need for
reoperation was significantly higher in the rehabilitation cohort (RR = 0.43 [0.20, 0.91], (P = 0.03)). The

pooled estimate was homogeneous (P = 0.11); I2 = 61% (Figure 12).

Surgical reconstruction ~ Rehabilitation Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H, Fixed, 95% CI M-H, Fixed, 95% CI
Meunier 2007 3 2 16 52 66.7%  0.23[007,074) —i—
Reijman 2021 6 85 T 82 333% 083(0.29,2.3) —
Total (95% CI) 127 134 100.0%  0.43[0.20,0.91] B
Total events 9 3
Heterogeneity: Chi*= 257, df=1(P=0.11); F=61% 0l ) 10 0

Testfor overall eflct 2= 2.21 (P= 0.03) Surgical reconstruction Rehabilitation

FIGURE 12: Reoperation outcomes

SF-36 Score

Two trials [11,12] reported an SF-36 score. It consists of two components (physical and mental
components); therefore, we conducted a subgroup analysis for each component.

Regarding the physical component, there was no difference between either cohort (MD = 2.31 [-2.17, 6.79],
(P =0.31)). The combined data were homogeneous (P = 0.50); 12=0%.

Concerning the mental component, pooled estimate showed comparable data in both cohorts (MD = 3.17
[-0.40, 6.74], (P = 0.08)); therefore, we did not face any heterogeneity (P = 0.49); 12=0% (Figure 13).

Surgical reconstruction Rehabilitation Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.11.1 Physical component
Frobell 2010 821 19.68 62 78 1899 59 164% 4.10[-279,10.99] i
Frobell 2013 85 15.93 61 84 17.26 61 225% 1.00[-4.89,6.89] -
Subtotal (95% CI) 123 120 38.9% 2.31[-2.17,6.79] *

Heterogeneity: Chi*= 0.45, df=1 (P = 0.50); F= 0%
Testfor overall effect: Z=1.01 (P=0.31)

1.11.2 Mental component

Frobell 2010 88.3 1345 62 838 1573 59 286% 4.50[073,9.73] il

Frobell 2013 87 1394 61 85 1343 59 325% 2.00[-2.90,6.90] -

Subtotal (95% CI) 123 118 61.1% 3.17[-0.40,6.74] 2

Heterogeneity: Chi*= 047, df=1 (P = 0.49), F=0%

Testfor overall effect Z=1.74 (P = 0.08)

Total (95% CI) 246 238 100.0% 2.83[0.04,5.63] 3

Heterogeneity: Chi#=1.00, df= 3 (P = 0.80); F= 0% =-1Uu _5?0 5 5=u 1DD=

Test for overall effect Z=1.99 (P = 0.05)

Surgical reconstruction Rehabilitation
Testfor subaroun differences: Chi*=0.09. df=1 (P =0.77). F= 0% 4

FIGURE 13: SF-36 score outcomes

Discussion

This meta-analysis encompasses six randomized controlled trials (RCTs) comparing surgical management
with rehabilitation in individuals with ACL rupture.

The KOOS is a validated self-reported questionnaire comprising five subscales: pain, symptoms, function in
daily living (ADL), sport, and quality of life [22,23]. These subscales assess the short-term and long-term
consequences of ACL management through a comprehensive questionnaire comprising 42 items. Patients
are assigned a score between 0 and 100, with the score representing the percentage of total achieved points.
A score of 0 indicates the poorest knee state, while a score of 100 signifies the absence of any knee problem
and the best knee state [24]. Within this meta-analysis, the quality-of-life scale was the sole subscale that
demonstrated a significant difference in favor of the surgical cohort. Conversely, the remaining subscales
showed similar outcomes between both cohorts. Recent evidence by Reijman et al. [19] comparing surgical
and non-surgical management demonstrated that early surgical reconstruction resulted in a higher KOOS
score than rehabilitation and optional delayed ACL reconstruction. Frobell et al. conducted two randomized
clinical trials in 2010 and 2013, both of which found no significant variation between early reconstruction
and rehabilitation regimen, with a primary outcome of KOOS score change over two and five years of follow-
up, respectively [11,12]. Irrgang [25] reported comparable mean KOOS scores between both cohorts.

The Lysholm score is a frequently utilized tool to assess the outcomes of ACL reconstruction, encompassing
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eight subscales and ranging from 0 to 100. Werier et al. [26] reported a mean Lysholm score of 85 (95% CI,
80-90) in the surgical cohort, while the rehabilitation cohort had a mean score of 69 (95% CI, 57-81). The
Lysholm score mainly evaluates activities of daily living, with a score below 65 indicating poor outcomes and
a score of 95-100 indicating excellent outcomes. Risberg et al. [27] reported poor sensitivity of the Lysholm
score in detecting changes over time, but it has shown reliability in patients with various knee

disorders [25]. In our meta-analysis, the pooled estimate indicated no significant difference between the
surgical and non-surgical cohorts. Reijman et al. [19] found that the early reconstruction cohort achieved a
higher Lysholm score than the rehabilitation cohort, while Irrgang [25] reported slightly better results in the
surgical cohort compared to the conservative cohort. Conversely, Sandberg et al. [21] reported no difference
between both cohorts.

The KT1000 is frequently employed to measure the laxity in the ACL, quantifying the anterior motion of the
tibia over the fixed femur [28]. A normal value should not exceed 3 mm, with values exceeding 3 mm
indicative of knee laxity [29]. Our analysis favored the surgical cohort over the conservative cohort in this
outcome.

The IKDC score is a subjective knee evaluation form comprising multiple items based on patients’ reported
outcomes. Our analysis of the IKDC score revealed higher values in the reconstruction cohort.

Patient activity was assessed using the Tegner activity scale, a one-item grading system based on sports
activities and work. Scores range from 0 to 10, with 0 indicating a disabling knee injury and 10 signifying
high-activity sports. Liow et al. [30] demonstrated the superiority of early reconstruction over late
reconstruction, as patients in the early reconstruction cohort returned to a higher activity level than those in
the delayed reconstruction cohort, with mean scores of 5 and 4, respectively. However, our analysis did not
reveal any significant differences in activity levels between the early reconstruction cohort and the delayed
reconstruction and rehabilitation cohorts.

Regarding stability outcomes, the incidences of giving way and the pivot shift test were significantly higher
in the reconstruction cohort, while the surgical cohort showed a significantly lower incidence of reinjury and
reoperation.

In 2014, Smith et al. [31] published a meta-analysis that found limited differences between isolated ACL
reconstruction and rehabilitation concerning clinical outcomes. However, this evidence was based on poor
methodology and was insufficient to make a clinical decision regarding the optimal management option.
They recommended non-surgical treatment before surgical reconstruction in all patients with ACL rupture.
In contrast, Reijman et al. [19] reported that patients in the early reconstruction cohort exhibited significant
improvements in knee function, pain perception, and the ability to participate in sports compared to those
in the rehabilitation and delayed reconstruction cohort. Furthermore, half of the patients in rehabilitation
required surgical reconstruction after unsuccessful rehabilitation. The KANON trial [11,12] reported that the
percentage of patients who underwent reconstruction after two years of follow-up was 39%, increasing to
51% after five years of follow-up.

This meta-analysis represents the most recent and highest-quality evidence comparing surgical
management with rehabilitation in patients with ACL rupture.

Limitation

The major limitation of our study was the presence of heterogeneous data among studies for some
outcomes. However, we addressed this issue using the validated Cochrane's leave-one-out method. The
source, if heterogeneity is complex, may be ascribed to variations in sample sizes, patient demographics
(e.g., age, gender, body mass index, and duration from injury to intervention), and operative parameters
(e.g., type of surgery and surgical expertise of orthopedic surgeon), among others. These variations could
have indirectly impacted the extent of heterogeneity and, accordingly, the conclusions of the pooled
endpoints.

Conclusions

In light of this comprehensive meta-analysis, encompassing six meticulously selected RCTs, the evidence
firmly supports the comparison of surgical management versus rehabilitation in individuals with ACL
rupture. Through rigorous inclusion criteria and meticulous evaluation of diverse outcome measures, this
study provides compelling insights into the effectiveness of both treatment approaches, elevating the level
of confidence in our findings.

The KOOS and Lysholm score showed no significant differences between cohorts, except for the quality-of-
life scale favoring the surgical group. The KT1000 measurement favored surgical management for knee
laxity. The IKDC score demonstrated higher values in the reconstruction cohort. Stability outcomes showed
higher incidences of giving way and positive pivot shift tests in the surgical cohort but a lower incidence of
reinjury and reoperation. These findings align with previous research, emphasizing the efficacy of early
surgical intervention for improved knee function, pain relief, and sports participation.
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In conclusion, based on the wealth of the most recent and highest-quality evidence available, surgical
management, particularly early reconstruction, emerges as the unequivocally superior approach for
individuals with ACL rupture. The compelling evidence presented in this meta-analysis, in conjunction with
the consistent findings from previous studies, leaves little doubt regarding the efficacy of early surgical
intervention in optimizing outcomes for these patients.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

Omar S. Dahduli contributed to the conception and design. Abdullah M. AlHossan contributed to the
acquisition of data, analysis and interpretation of data, drafting the article, and reviewing it critically for
important intellectual content. Mohammed A. Al Rushud contributed to the acquisition of data and analysis
and interpretation of data. Muath M. Alneghaimshi contributed to the acquisition of data and analysis and
interpretation of data. Ali AlAseeri contributed to the conception and design. Saad F. Alotaibi contributed to
the acquisition of data and analysis and interpretation of data. Mohammed K. AlNour contributed to the
acquisition of data and analysis and interpretation of data. Saud AlBatati contributed to drafting the article
and reviewing it critically for important intellectual content. All authors read and approved the final
manuscript. Also, all authors agree to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.

References

1. Spindler KP, Warren TA, Callison JC Jr, Secic M, Fleisch SB, Wright RW: Clinical outcome at a minimum of
five years after reconstruction of the anterior cruciate ligament. ] Bone Joint Surg Am. 2005, 87:1673-9.
10.2106/00004623-200508000-00002

2. Bohn MB, Petersen AK, Nielsen DB, Sgrensen H, Lind M: Three-dimensional kinematic and kinetic analysis
of knee rotational stability in ACL-deficient patients during walking, running and pivoting. ] Exp Orthop.
2016, 3:27. 10.1186/s40634-016-0062-4

3. Meuffels DE, Poldervaart MT, Diercks RL, et al.: Guideline on anterior cruciate ligament injury . Acta Orthop.
2012, 83:379-86. 10.3109/17453674.2012.704563

4. van Yperen DT, Reijman M, van Es EM, Bierma-Zeinstra SM, Meuffels DE: Twenty-year follow-up study
comparing operative versus nonoperative treatment of anterior cruciate ligament ruptures in high-level
athletes. Am ] Sports Med. 2018, 46:1129-36. 10.1177/0363546517751683

5. Ardern CL, Webster KE, Taylor NF, Feller JA: Return to sport following anterior cruciate ligament
reconstruction surgery: a systematic review and meta-analysis of the state of play. Br ] Sports Med. 2011,
45:596-606. 10.1136/bjsm.2010.076364

6. Evans], Nielson JL.: Anterior Cruciate Ligament Knee Injury. In: StatPearls [Internet] (ed): StatPearls
Publishing, Treasure Island, FL; 2023.

7. Lohmander LS, Ostenberg A, Englund M, Roos H: High prevalence of knee osteoarthritis, pain, and
functional limitations in female soccer players twelve years after anterior cruciate ligament injury. Arthritis
Rheum. 2004, 50:3145-52. 10.1002/art.20589

8. von Porat A, Roos EM, Roos H: High prevalence of osteoarthritis 14 years after an anterior cruciate ligament
tear in male soccer players: a study of radiographic and patient relevant outcomes. Ann Rheum Dis. 2004,
63:269-73. 10.1136/ard.2003.008136

9. Neyret P, Donell ST, DeJour D, DeJour H: Partial meniscectomy and anterior cruciate ligament rupture in
soccer players. A study with a minimum 20-year followup. Am | Sports Med. 1993, 21:455-60.
10.1177/036354659302100322

10. Dargo L, Robinson K], Games KE: Prevention of knee and anterior cruciate ligament injuries through the use
of neuromuscular and proprioceptive training: an evidence-based review. ] Athl Train. 2017, 52:1171-2.
10.4085/1062-6050-52.12.21

11.  Frobell RB, Roos EM, Roos HP, Ranstam ], Lohmander LS: A randomized trial of treatment for acute
anterior cruciate ligament tears. N Engl ] Med. 2010, 363:331-42. 10.1056/NE]Mo0a0907797

12.  Frobell RB, Roos HP, Roos EM, Roemer FW, Ranstam ], Lohmander LS: Treatment for acute anterior
cruciate ligament tear: five year outcome of randomised trial. BMJ. 2013, 346:£232. 10.1136/bmj.f232

13.  Delincé P, Ghafil D: Anterior cruciate ligament tears: conservative or surgical treatment? A critical review of
the literature. Knee Surg Sports Traumatol Arthrosc. 2012, 20:48-61. 10.1007/s00167-011-1614-x

14.  Tayfur B, Charuphongsa C, Morrissey D, Miller SC: Neuromuscular function of the knee joint following knee
injuries: does it ever get back to normal? A systematic review with meta-analyses. Sports Med. 2021,
51:321-38. 10.1007/s40279-020-01386-6

15. Berger MJ, McKenzie CA, Chess DG, Goela A, Doherty TJ: Quadriceps neuromuscular function and self-
reported functional ability in knee osteoarthritis. ] Appl Physiol (1985). 2012, 113:255-62.
10.1152/japplphysiol.00947.2011

16. Review Manager 5 (RevMan 5) [computer program]. version 5.4. Copenhagen, Netherlands: The Nordic

2023 Dahduli et al. Cureus 15(8): e43370. DOI 10.7759/cureus.43370 120f 13


https://dx.doi.org/10.2106/00004623-200508000-00002
https://dx.doi.org/10.2106/00004623-200508000-00002
https://dx.doi.org/10.1186/s40634-016-0062-4
https://dx.doi.org/10.1186/s40634-016-0062-4
https://dx.doi.org/10.3109/17453674.2012.704563
https://dx.doi.org/10.3109/17453674.2012.704563
https://dx.doi.org/10.1177/0363546517751683
https://dx.doi.org/10.1177/0363546517751683
https://dx.doi.org/10.1136/bjsm.2010.076364
https://dx.doi.org/10.1136/bjsm.2010.076364
https://www.ncbi.nlm.nih.gov/books/NBK499848/
https://dx.doi.org/10.1002/art.20589
https://dx.doi.org/10.1002/art.20589
https://dx.doi.org/10.1136/ard.2003.008136
https://dx.doi.org/10.1136/ard.2003.008136
https://dx.doi.org/10.1177/036354659302100322
https://dx.doi.org/10.1177/036354659302100322
https://dx.doi.org/10.4085/1062-6050-52.12.21
https://dx.doi.org/10.4085/1062-6050-52.12.21
https://dx.doi.org/10.1056/NEJMoa0907797
https://dx.doi.org/10.1056/NEJMoa0907797
https://dx.doi.org/10.1136/bmj.f232
https://dx.doi.org/10.1136/bmj.f232
https://dx.doi.org/10.1007/s00167-011-1614-x
https://dx.doi.org/10.1007/s00167-011-1614-x
https://dx.doi.org/10.1007/s40279-020-01386-6
https://dx.doi.org/10.1007/s40279-020-01386-6
https://dx.doi.org/10.1152/japplphysiol.00947.2011
https://dx.doi.org/10.1152/japplphysiol.00947.2011
https://training.cochrane.org/online-learning/core-software/revman

Cureus

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Cochrane Centre, The Cochrane Collaboration. (2020). Accessed: May 10, 2023:
https://training.cochrane.org/online-learning/core-software/revman.

Higgins JPT, Thomas J, Chandler ], Cumpston M, Li T, Page MJ, Welch VA: Cochrane Handbook for
Systematic Reviews of Interventions version 6.2 (updated February 2021). Cochrane, 2021.

Meunier A, Odensten M, Good L: Long-term results after primary repair or non-surgical treatment of
anterior cruciate ligament rupture: a randomized study with a 15-year follow-up. Scand ] Med Sci Sports.
2007, 17:230-7. 10.1111/j.1600-0838.2006.00547.x

Reijman M, Eggerding V, van Es E, et al.: Early surgical reconstruction versus rehabilitation with elective
delayed reconstruction for patients with anterior cruciate ligament rupture: COMPARE randomised
controlled trial. BMJ. 2021, 372:n375. 10.1136/bmj.n375

Tsoukas D, Fotopoulos V, Basdekis G, Makridis KG: No difference in osteoarthritis after surgical and non-
surgical treatment of ACL-injured knees after 10 years. Knee Surg Sports Traumatol Arthrosc. 2016,
24:2953-9. 10.1007/s00167-015-3593-9

Sandberg R, Balkfors B, Nilsson B, Westlin N: Operative versus non-operative treatment of recent injuries to
the ligaments of the knee. A prospective randomized study. ] Bone Joint Surg Am. 1987, 69:1120-6.
10.2106/00004623-198769080-00002

Roos EM, Lohmander LS: The Knee injury and Osteoarthritis Outcome Score (KOOS): from joint injury to
osteoarthritis. Health Qual Life Outcomes. 2003, 1:64. 10.1186/1477-7525-1-64

Roos EM, Toksvig-Larsen S: Knee injury and Osteoarthritis Outcome Score (KOOS) - validation and
comparison to the WOMAC in total knee replacement. Health Qual Life Outcomes. 2003, 1:17.
10.1186/1477-7525-1-17

Kiers JL, Bult JH: Mildly processed natural eggshell membrane alleviates joint pain associated with
osteoarthritis of the knee: a randomized double-blind placebo-controlled study. ] Med Food. 2021, 24:292-8.
10.1089/jmf.2020.0034

Irrgang JJ: Current status of measuring clinical outcomes after anterior cruciate ligament reconstruction: are
we good enough?. Oper Tech Sports Med. 2008, 16:119-24. 10.1053/j.0tsm.2008.10.013

Werier ], Keating ], Meek R: Complete dislocation of the knee — the long-term results of ligamentous
reconstruction. Knee. 1998, 5:255-60. 10.1016/50968-0160(98)00015-5

Risberg MA, Holm I, Steen H, Beynnon BD: Sensitivity to changes over time for the IKDC form, the Lysholm
score, and the Cincinnati knee score. A prospective study of 120 ACL reconstructed patients with a 2-year
follow-up. Knee Surg Sports Traumatol Arthrosc. 1999, 7:152-9. 10.1007/s001670050140

Arneja S, Leith J: Review article: validity of the KT-1000 knee ligament arthrometer . ] Orthop Surg (Hong
Kong). 2009, 17:77-9. 10.1177/230949900901700117

Tyler TF, McHugh MP, Gleim GW, Nicholas SJ: Association of KT-1000 measurements with clinical tests of
knee stability 1 year following anterior cruciate ligament reconstruction. ] Orthop Sports Phys Ther. 1999,
29:540-5. 10.2519/jospt.1999.29.9.540

Liow RYL, McNicholas MJ, Keating JF, Nutton RW: Ligament repair and reconstruction in traumatic
dislocation of the knee. ] Bone Joint Surg Br. 2003, 85:845-51. 10.1302/0301-620X.85B6.13972

Smith TO, Postle K, Penny F, McNamara I, Mann CJ: Is reconstruction the best management strategy for
anterior cruciate ligament rupture? A systematic review and meta-analysis comparing anterior cruciate
ligament reconstruction versus non-operative treatment. Knee. 2014, 21:462-70. 10.1016/j.knee.2013.10.009

2023 Dahduli et al. Cureus 15(8): e43370. DOI 10.7759/cureus.43370

13 0f 13


https://training.cochrane.org/online-learning/core-software/revman
http://www.training.cochrane.org/handbook
https://dx.doi.org/10.1111/j.1600-0838.2006.00547.x
https://dx.doi.org/10.1111/j.1600-0838.2006.00547.x
https://dx.doi.org/10.1136/bmj.n375
https://dx.doi.org/10.1136/bmj.n375
https://dx.doi.org/10.1007/s00167-015-3593-9
https://dx.doi.org/10.1007/s00167-015-3593-9
https://dx.doi.org/10.2106/00004623-198769080-00002
https://dx.doi.org/10.2106/00004623-198769080-00002
https://dx.doi.org/10.1186/1477-7525-1-64
https://dx.doi.org/10.1186/1477-7525-1-64
https://dx.doi.org/10.1186/1477-7525-1-17
https://dx.doi.org/10.1186/1477-7525-1-17
https://dx.doi.org/10.1089/jmf.2020.0034
https://dx.doi.org/10.1089/jmf.2020.0034
https://dx.doi.org/10.1053/j.otsm.2008.10.013
https://dx.doi.org/10.1053/j.otsm.2008.10.013
https://dx.doi.org/10.1016/S0968-0160(98)00015-5
https://dx.doi.org/10.1016/S0968-0160(98)00015-5
https://dx.doi.org/10.1007/s001670050140
https://dx.doi.org/10.1007/s001670050140
https://dx.doi.org/10.1177/230949900901700117
https://dx.doi.org/10.1177/230949900901700117
https://dx.doi.org/10.2519/jospt.1999.29.9.540
https://dx.doi.org/10.2519/jospt.1999.29.9.540
https://dx.doi.org/10.1302/0301-620X.85B6.13972
https://dx.doi.org/10.1302/0301-620X.85B6.13972
https://dx.doi.org/10.1016/j.knee.2013.10.009
https://dx.doi.org/10.1016/j.knee.2013.10.009

	Early Surgical Reconstruction Versus Rehabilitation for Patients With Anterior Cruciate Ligament Rupture: A Systematic Review and Meta-Analysis
	Abstract
	Introduction And Background
	Introduction
	Methods
	Database search
	Eligibility criteria
	Screening of results
	Extraction of data
	Risk of bias assessment
	Statistical analysis

	Review
	Results
	FIGURE 1: PRISMA flow chart
	TABLE 1: Demographic data about the included participants
	TABLE 2: Baseline characteristics of knee condition
	FIGURE 2: Summary of risk of bias

	Analysis of outcomes
	FIGURE 3: IKDC outcome
	FIGURE 4: KOOS outcome
	FIGURE 5: Lysholm score
	FIGURE 6: Occurrence of the knee giving way outcome
	FIGURE 7: KT1000 outcome
	FIGURE 8: Tegner score
	FIGURE 9: Lachman test
	FIGURE 10: Pivot shift test outcome
	FIGURE 11: Reinjury outcome
	FIGURE 12: Reoperation outcomes
	FIGURE 13: SF-36 score outcomes

	Discussion
	Limitation

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


