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ABSTRACT 31 

Background 32 

Residual deficits in athletic performance are common despite rehabilitation guidelines 33 

following anterior cruciate ligament reconstruction including criterion-based progressions to 34 

protect healing structures, ensure safe restoration of fundamental physical capacities, and 35 

guide appropriate return to sports activities. A synthesis of the available literature is 36 

warranted to examine the physical readiness to re-perform of athletic populations in the later 37 

stages of rehabilitation in comparison to healthy controls.  38 

Objectives 39 

To determine the level of strength, power, rate of force development, and reactive strength in 40 

adult males who are more than six months following anterior cruciate ligament 41 

reconstruction.  42 

Methods 43 

A systematic review of the literature was undertaken using the Medline, CINAHL and 44 

SPORTDiscus databases and the PRISMA (Preferred Reporting Items for Systematic 45 

Reviews and Meta-Analyses) guidelines. Studies including males only and assessed strength, 46 

power, rate of force development and reactive strength comparing performance to healthy 47 

controls were included. A meta-analysis was also performed to compute standardized mean 48 

differences (SMD ± 95% confidence intervals), calculated using Hedge’s g, and examine the 49 

effect of ACLR on these fundamental physical capacities. 50 

Results 51 

2023 articles were identified, of which 14 articles with similar level of evidence and 52 

methodological quality met the inclusion criteria. The most commonly investigated and 53 

impaired physical capacity was quadriceps (g= -0.89, 95% CI [-1.33,-0.44]) and hamstring 54 

strength (g= -0.44, 95% CI [-0.78,-0.10]). Only one study investigated rate of force 55 

development and none measuring reactive strength met our eligibility criteria. 56 

Conclusions 57 

Pooled data showed moderate evidence indicating large and small negative deficits on knee 58 

peak extension and flexion, respectively, in male adults at more than 6 months post anterior 59 
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cruciate ligament reconstruction. The magnitude of these differences are influenced by graft 60 

type and can be mitigated by targeted rehabilitation programs. Insufficient evidence is 61 

available in male adults following anterior cruciate ligament reconstruction to examine rate 62 

of force development and reactive strength.   63 

 64 

Key Terms: Knee, ACL, Rehabilitation, Strength 65 
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1. Introduction 88 

The impact of anterior cruciate ligament (ACL) injuries can include a long absence from 89 

sports, lifelong financial, socioeconomic, and emotional burdens, reduced confidence in their 90 

knee and perceived self-efficacy, in addition to early development of osteoarthritis, risk of re-91 

injury (graft rupture) and contralateral ACL injury 2, 17, 19, 23, 49-51, 59, 75. Significant deficits in 92 

muscle function have also commonly been reported following ACL reconstruction (ACLR). 93 

Specifically, reductions in quadriceps muscle cross-sectional area (CSA), tissue quality, 94 

strength, central activation ratio (CAR), and rate of torque development (RTD), which may 95 

persist for years after the completion of rehabilitation and RTS 8, 18, 28, 34, 44, 46, 55, 77, 83, 94, 100. 96 

These impairments can have detrimental implications for athletes as the ability to express 97 

high power outputs is an important performance indicator 31, and force must be generated 98 

within specific time constraints. However, a synthesis of the literature to determine the 99 

magnitude of residual deficits in ACLR cohorts compared to healthy populations is needed. 100 

Recent systematic reviews and meta-analysis 56, 80 showed persistent strength deficits in the 101 

ACLR limb compared to controls. However, large heterogeneity was present in confounding 102 

variables such as gender, graft type and level of sports participation. Furthermore, a broader 103 

examination of pertinent physical qualities such as rate of force development (RFD) and 104 

reactive strength following ACLR is required to more clearly elucidate an athlete’s state of 105 

readiness to re-perform and inform the content of reconditioning programs with the aim of 106 

reducing the risk of secondary injuries.  107 

In athletic populations, research indicates that healthy athletes who can squat 2 x body mass 108 

express higher power outputs than their weaker counterparts in vertical and horizontal 109 

jumping activities 30. Furthermore, Case et al. 14 showed that male football players displaying 110 

1RM back squat (normalized to body mass) values below 2.2 were at higher risk for lower 111 

extremity injuries during the season in comparison to stronger individuals (g = 0.86). Specific 112 

strength qualities, such as maximal eccentric strength underpin an athlete’s reactive-strength 113 

ability and allow an efficient storage and reutilisation of elastic energy during stretch-114 
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shortening cycle (SSC) activities 7, 91. Greater eccentric strength, reactive strength, and leg 115 

stiffness, significantly correlate with a reduced metabolic cost of running and enhanced 116 

change of direction (COD) performance 52, 63. Furthermore, eccentric knee extensor and 117 

flexor strength exhibit large correlations (r > -0.603) with COD performance in female soccer 118 

players 43 and male athletes (r= -0.506 and r= -0.592 for normalised isokinetic eccentric 119 

extension and flexion strength respectively) 42. That said, pivoting, cutting, landing, and 120 

jumping sports (e.g. soccer, basketball or rugby) also expose athletes to a high risk of 121 

sustaining an anterior cruciate ligament (ACL) injury 54, 70, 87. Thus, it seems prudent to 122 

determine an athlete’s level of maximal and reactive strength in the later stages of 123 

rehabilitation to ensure they possess adequate physical capacity to safely and efficiently 124 

execute commonly performed sports skills. Higher knee extension strength limb symmetry 125 

indexes (LSI) have been associated with reduced rate of re-injury 29, and thus are commonly 126 

considered important RTS criteria. However, Ardern et al. 5 found that these widely used 127 

RTS criteria were achieved also in cohorts with a relatively low rate of return to competitive 128 

sport, thus not being considered adequate enough to detect relevant factors for RTS success.  129 

Due to observed time constraints in many sporting actions (e.g. COD) which limit the 130 

production of maximal force, RFD should also be assessed. Defined as the ability of the 131 

neuromuscular system to produce a high rate in the rise of muscle force in the first 30-250 132 

milliseconds 93, RFD is calculated as ∆Force/∆Time, which is determined from the slope of 133 

the force time curve (generally between 0 and 250 milliseconds) 61, 85. This performance 134 

characteristic is central to success in most power-based sporting events 9. Impaired knee 135 

extension RTD has been reported following ACLR 4, 83, and is associated with decreased self-136 

reported knee function 4, 20, 39. Normative values in RFD/RTD associated with readiness to 137 

RTS would represent a useful additional criteria to assess rehabilitation status and to plan the 138 

athletes return to more complex ballistic tasks. In addition, comparisons to healthy controls 139 

are warranted to determine the magnitude of observed deficits as an indicator of readiness to 140 

re-perform.  141 

Current evidence suggests that residual deficits in fundamental athletic qualities such as 142 

maximal strength and RFD are present following ACLR; however, a synthesis of the 143 

available literature to determine the effects of ACLR on these explosive strength qualities is 144 

currently unavailable. The aim of this systematic review and meta-analysis was to investigate 145 

the level of physical capacities such as strength, RFD, power and reactive strength in male 146 
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adult athletic populations during the later stages (> 6 months) of rehabilitation following 147 

ACLR compared to healthy, non-injured controls.  148 

 149 

2 Methods 150 

2.1 Protocol  151 

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 152 

guidelines were followed in the preparation, conduct, and reporting of this review 53.  153 

2.2. Eligibility criteria and information sources 154 

The studies were selected according to PICOS framework (Participants, Intervention, 155 

Comparison, Outcome, and Study design) 53. Controlled cohort studies investigating strength, 156 

RFD or reactive strength in adult males following ACLR were considered. They had to be 157 

published in peer-reviewed journals and written using English language between 2010 and 158 

April 2020. These dates were chosen after reviewing the conclusions from two systematic 159 

reviews 72, 95 published in 2011, which  analysed the clinical utility and predictive validity of 160 

functional performance tests after ACLR, and found a paucity of literature with regard to the 161 

critical elements that determine readiness to RTS. The examined population was male adults 162 

(>18 years) following ACLR with any graft type during the later stages of their rehabilitation 163 

(≥ 6 months post-surgery), with performance compared to matched controls. Studies 164 

assessing strength, RFD or reactive strength were considered. The outcome measures were 165 

the effect of ACLR on (1) strength; (2) RFD/power; (3) reactive strength. 166 

2.3 Searches 167 

A comprehensive literature search of three electronic databases (MEDLINE, SPORTDiscus 168 

and CINHAL) was conducted on 14 April 2020. The reference lists of articles found were 169 

also scanned. Two authors (LM and KP) developed a systematic search strategy following 170 

the PICOS framework 53. The search strategy used is listed in Appendix 1. The keywords 171 

“strength” or “rate of force development” “or power” or “reactive strength” were combined 172 

with the Boolean operator “AND” for keywords pertinent to anterior cruciate ligament 173 

reconstruction (e.g. “ACLR”, “ACL reconstruction”) 174 

2.4 Study selection 175 
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Two reviewers (LM and KP) independently screened titles and abstracts to identify relevant 176 

studies. Title and abstracts investigating ACLR adult male populations (≥ 18 years) with at 177 

least one group ≥ 6 months, which included the assessment of strength, RFD or reactive 178 

strength were considered. Full-text manuscripts of remaining eligible studies were evaluated 179 

for inclusion in this review. The additional inclusion criteria were: (1) presence of a control 180 

group; (2) patients with any ACLR graft type; (3) assessment of strength, RFD or reactive 181 

strength using dynamometers or force platforms. 182 

Studies were excluded for the following reasons: (1) absence of a control group; (2) studies 183 

including patients <18 years; (3) patients with revision ACLR or bilateral ACL injury; (4) 184 

nonsurgical treatment of ACL injury; (5) inclusion of female patients; (6) no conventional 185 

assessment of strength (e.g. manual muscle testing), RFD or reactive strength. 186 

2.5 Data extraction  187 

Two authors (LM and KP) independently extracted data from the included studies. 188 

Disagreements with regard to the selection criteria were discussed and resolved by consensus 189 

including all four authors (LM, KP, PR and AT). Demographic details including population 190 

size, gender, age, graft type, time since surgery and rehabilitation status were recorded from 191 

each study. The following variables were extracted: strength, rate of force 192 

development/power and reactive strength.  193 

2.6 Assessment of level of evidence, quality, risk of bias in individual studies and across 194 

studies 195 

The level of evidence, methodological quality and risk of bias of each individual study was 196 

examined independently by two authors (LM and KP). The Oxford Centre for Evidence-197 

Based Medicine (OCEBM) Levels of Evidence tool was used to assess the level of evidence 198 

and quality of research design for each included study, where level 1 indicates the highest 199 

category, and Level 5 the lowest. Study quality was examined using the modified Downs and 200 

Black scale, which is a reliable tool for cohort studies 21. The highest total score for the 201 

modified version is 16. A score ≥ 12 is considered high quality; a score of 10 and 11 are 202 

moderate quality; and a score ≤ 9 is deemed low quality 59. The methodological quality of the 203 

selected studies was assessed using the PEDro Scale, which considers the following 204 

characteristics: sequence generation, allocation concealment, blinding, incomplete outcome 205 

data, and selective outcome reporting.  206 
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A risk of bias assessment for each of the selected studies was conducted to identify the 207 

presence of any publication bias, selective data reporting, conflict of interest, time lag bias, 208 

location bias or funding sources. 209 

2.7 Data Synthesis 210 

Due to the different data reporting of the outcomes measured in the included studies, effect 211 

sizes (Hedges’g) were calculated as the standardized mean difference (SMD) with mean ± 212 

SD and 95% confidence using Review Manager Software (RevMan 5.3; Cochrane 213 

Collaboration, Oxford, UK). Data were analysed using the ACLR limb compared with the 214 

dominant limb of the control group when limbs were not matched. The Cohen scale was used 215 

to interpret pooled SMD, where 0.2 represents a small effect, 0.5 a moderate effect, and 0.8 a 216 

large effect. Heterogeneity between studies was evaluated through I2 statistics, the Cochrane 217 

Chi square (χ2), and the between-study variance using the tau-square (τ2) at the 95% CI. The 218 

categorization to rate the level of heterogeneity was the following: I2 = 0%, no heterogeneity; 219 

I2 = 1% to 25%, low heterogeneity, not important; I2 = 26% to 50%, moderate heterogeneity; 220 

I2 = 51% to 75%, high heterogeneity, substantial; I2 = 76% to 100%, considerable 221 

heterogeneity 37. All studies containing variables eligible for meta-analysis were ordered in 222 

forest plots based on effect size. Subgroup analyses on graft types were conducted, where 223 

applicable 86.  Levels of evidence (i.e. “strong”, “moderate”, “limited”, “very limited” or “no 224 

evidence”) were based on guidelines reported by van Tulder et al 97 and previous reviews 225 

with similar included study types 32, 47, accounting for study quality and statistical 226 

homogeneity of the included studies in the data sets. Results are qualitatively and 227 

quantitatively synthesized and presented in three subgroups: 1) Strength; 2) Rate of force 228 

development and power; and 3) Reactive strength.   229 

 230 

3. Results 231 

3.1 Study Selection/Search Results 232 

The electronic search initially identified 2023 articles from the databases (3156 before 233 

duplicates were removed); 1808 were excluded after reviewing the titles and abstracts. The 234 

full-text versions of the remaining 215 studies were obtained, of which 202 were 235 

subsequently excluded. 13 studies fulfilled the eligibility criteria and were included in this 236 

systematic review and meta-analysis. One study meeting the inclusion criteria was published 237 
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after the initial electronic search 84 and was subsequently included (figure 1). 12 of the 238 

included studies assessed strength, 2 measured single joint power contribution, 1 analysed 239 

RFD, and none evaluated reactive strength. 240 
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Figure 1 Flow diagram 242 
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 243 

3.2 Study characteristics 244 

Participants and study characteristics are summarized in Table 1. All studies included were controlled cohort trials. Eight studies analysed 245 

strength of knee extensor and flexors using isokinetic dynamometry 3, 6, 48, 66, 67, 74, 101, 103. Two studies assessed knee extensor and flexor strength 246 

using a stabilised dynamometer 38, 73. One study investigated hip flexion strength with an isokinetic dynamometry 71 and another measured 247 

hamstring strength with a custom made device employing uniaxial load cells 96 One study measured single joint power during a CMJ 15 and the 248 

remaining study also assessed power and RFD in a CMJ 84. 249 

AUTHOR(S),Y
EAR AND 

POPULATION 
STUDIES 

PARTICIPA
NTS AND 

AGE (years) 

INTERVENTIONS COMPARISONS OUTCOMES 
 

STUDY DESIGN 

 
Xergia 
(2013) 
 
Active population 

22 BPTB 
 

28.8 ± 11.2 

 
Isokinetic concentric 
knee extension and 
flexion strength 
(120°/s, 180°/s, and 
300°/s) 
 

Contralateral limb 
Control group 

 
Compared to the control group, the ACLR group 

had greater isokinetic knee extension torque 
deficits at all speeds (p≤.001) 

 

Controlled cohort 
study 

 
Mohammadi 
(2013) 
 
Athletes involved 
in competitive 
sports 

42 = 21BPTB 
+ 

21STG 
 

25 ± 3 

 
Isokinetic concentric 
knee extension and 
flexion strength (60°/s 
and 180°/s) 
 

Between ACLR groups 
Contralateral limb 

Control group 

 
No difference between BPTB and STG for 

hamstrings peak torque (p = 0.69 for 60°/s and p 
= 0.63 for 180°/s) or the limb symmetry index 
for the single-hop (p = 0.78) or 6-m-hop (p = 
0.74) tests.   STG group had greater values for 

quadriceps peak torque (13% and 17% change, p 
=0.004) compared to the BPTB group. The 
ACLR limbs of both groups had lower peak 

torques (p = 0.01) compared to matched controls 

Controlled cohort 
study 
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Miles  
(2019) 
 
Multidirectional 
sports 
 

 
44 = 22BPTB 

+ 
22STG 

 
BPTB 23.4 ± 

4.4 
STG 26.1 ± 

4.4 

 
Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

 
Between ACLR groups 

Contralateral limb 
Control group 

 
BPTB had a greater knee extensor strength 
AAI than STG (P = 0.002, ES = 1.17) and 

controls 
(P < 0.001, ES = 1.40). No difference was 
found between STG and controls in knee 

extensor strength 
AAI (P = 0.18) 

 

 
Controlled cohort 

study 
 

 
O'Malley 
(2018) 
 
Multidirectional 
sports 

 
118 Patellar 

tendon 
 

23.6 ± 5.8 

 
Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

Contralateral limb 
Control group 

Between-Limbs Differences: ISO knee-
extension peak torque (ES=–1.33), SLCMJ knee 
power contribution (ES = –0.37), and ISO knee-

flexion peak torque (ES = –0.19). Between-
Groups Differences: ISO knee-extension LSI 
(ES = –1.53), LSImodified (ES =1.28), ISO 

knee-extension peak torque (ES = –1.20), hip 
power contribution (ES = 0.61), SL CMJ knee 

power contribution (ES = –0.40), and ISO knee-
flexion peak torque (ES = –0.36). 

Controlled cohort 
study 

 
Castanharo  
(2011) 
 
Recreational 
sports activities 
 

12 STG 
 

28 ± 8 

Knee joint power in 
CMJ 
 

Contralateral limb 
Control group 

 
In the ACLR group the peak knee joint power on 

the operated side was 13% lower than on the 
non-operated side (p = 0.02) 

 

Controlled cohort 
study 
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Norouzi (2019) 
 
Multidirectional 
sports (football 
players) 27 

 
23.8 ± 3.3 

 
Knee extensor strength 
(using a stabilised 
dynamometry)  
 

Passed and failed RTS 
criteria groups 

Contralateral limb 
Control group 

No significant difference between the 3 groups 
in terms of the quadriceps strength symmetry 

index (p > 0.05) 

Controlled cohort 
study 

 
Holsgaard-Larsen  
(2014) 
 
Active population 

23 STG 
 

27.2 ± 7.5 

 
MVC knee extensors 
and flexors (using 
stabilized 
dynamometry) 
 

Contralateral limb 
Control group 

 
Asymmetry in hamstring MVC was greater (p < 

0.001) for ACLR participants than controls 
(77.4% vs. 101.3%) 

 

Controlled cohort 
study 

 
Read (2020) 
 
Multidirectional 
sports (elite 
soccer players) 

 
 

124= 69 (6-9 
months) + 55 
(>9 months) 

 
6-9 months 
23.7 ± 6.7 

 
>9 months 
24.0 ± 5.4 

 
 

 
 
 
 
 
 
Eccentric deceleration 
RFD in CMJ 
 

 
 
 
 
 
 

Between ACLR groups 
Contralateral limb 

Control group 

 
Between-limb differences in eccentric 

deceleration RFD remained significantly greater 
in players >9 months after ACLR versus 

matched controls (p<0.05). 
 

 
 
 
 
 
 

Controlled cohort 
study 

 
Welling (2019) 
 
Multidirectional 

 
 

38 
 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

 
Contralateral limb 

Control group 

 
Soccer players after ACLR had no significant 
differences in peak quadriceps and hamstring 
muscle strength in the injured leg at 7 months 

 
 

Controlled cohort 
study 
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sports (amateur 
soccer players) 

24.2±4.7 
 

after ACLR compared to the dominant leg of the 
control group. Furthermore, 65.8% of soccer 
players after ACLR passed LSI >90% at 10 

months for quadriceps muscle strength 
 

 
Królikowska 
(2019) 
 
Active people 

 
Group 1= 77 

STG 
Group 2= 66 

STG 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s 
and 180°/s) 
 

 
Between ACLR groups 

Contralateral limb 
Control group 

 
The shift towards extension was noted when 
comparing the ACL-reconstructed limb to the 

uninvolved limb (Group I, p ≤0.001; Group II, p 
≤ 0.001) and to Group III (p ≤0.001), but it was 
not correlated with physiotherapy supervision 

duration (r = -0.037, p = 0.662). In ACLR 
patients, there was a moderate association of 
supervision duration and knee flexor LSI (r = 

0.587, p < 0.001). 
 

 
 
 

Controlled cohort 
study 

 
Almeida (2018) 
 
Multidirectional 
sports (elite 
soccer players) 
 

20 STG 
 

Median 21 
(18-28) 

 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

 
Contralateral limb 

Control group 

 
At 6 months post-surgery knee function 

questionnaires and quadriceps peak torque 
deficit improved after surgery but were 

significantly lower compared to controls. 

 
 

Controlled cohort 
study 

 
Mouzopoulos 
(2015) 
 
Weekend athletes 

 
32 BPTB 
36 STG 

 
26.2±5.6 

Isokinetic hip flexor 
contraction at an 
angular velocity of 
120°/seconds 
and 60°/seconds in a 
concentric and 
eccentric mode were 
performed 
 

 
Between ACLR groups 

Contralateral limb 
Control group 

 
Hip flexion strength in ACL reconstructed 

patients 
either with patellar tendon or hamstrings grafts, 

one year after reconstruction is significantly 
decreased compared to healthy controls 

(p<0.0001). Patients reconstructed with patellar 
tendon have stronger hip flexors than those 

reconstructed with hamstrings graft (p<0.0001) 

 
 

Controlled cohort 
study 

 
Baltaci (2012) 
 

15 
 

29.6±5.9 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s 

 
Contralateral limb 

Control group 

 
When the operated knees were compared to the 
healthy side, mean limb symmetry index was 

 
 

Controlled cohort 
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Not specified and 180°/s) 
 

over 92% (with two cases at 88%). When the 
dominant leg was compared to the non-dominant 

leg in the control group, the mean limb 
symmetry index was over 95%. 

study 

 
Timmins (2016) 
 
Multidirectional 
sports (elite 
soccer and AFL 
players) 

 
15 ST 

 
24.5±4.2 

MVIC of knee flexor 
at 0°, and average peak 
force during the 
Nordic hamstring 
exercise  
 

 
Contralateral limb 

Control group 

 
Eccentric strength was lower in the ACLR limb 
when compared with the contralateral uninjured 

limb. Fascicle length, MVIC, and eccentric 
strength were not different between the left and 

right limb in the control group 
 

 
 

Controlled cohort 
study 

 250 

Table 1 Summary of the included studies 251 

 252 

3.3 Level of evidence, study quality, and risk of bias within studies  253 

The OCEBM level, PEDro and modified Downs and Black scores for each study can be found in Table 2 and 3. All 14 studies (100%) were 254 

classified as level 3b (cohort controlled trials). The risk of bias score was 6 (PEDro scale) for all studies (100%). The study quality was high 255 

(≥12) in 13 of the included articles, with the remaining study deemed as moderate (i.e. 11). There were no disagreements between the authors on 256 

the ratings.  257 

 258 

 259 

 260 
Jo

urn
al 

Pre-
pro

of



 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

PEDro Scale Item 
1 

Item 
2 

Item 
3 

Item 
4 

Item 
5 

Item 
6 

Item 
7 

Item 
8 

Item 
9 

Item 
10 

Item 
11 

Total 
Score 

Xergia SA 
(2013) 

√ X X √ X X X √ √ √ √ 6 

Mohammadi 
F (2013) 

√ X X √ X X X √ √ √ √ 6 

Miles JJ 
(2019) 

√ X X √ X X X √ √ √ √ 6 

O’Malley E 
(2018) 

√ X X √ X X X √ √ √ √ 6 

Castanharo R 
(2011) 

√ X X √ X X X √ √ √ √ 6 

Norouzi S 
(2019) 

√ X X √ X X X √ √ √ √ 6 

Holsgaard-
Larsen A 
(2014) 

√ X X √ X X X √ √ √ √ 6 

Read P 
(2020) 

√ X X √ X X X √ √ √ √ 6 

Welling 
(2019) 

√ X X √ X X X √ √ √ √ 6 

Królikowska 
(2019) 

√ X X √ X X X √ √ √ √ 6 

Almeida 
(2018) 

√ X X √ X X X √ √ √ √ 6 

Mouzopoulos 
(2015) 

√ X X √ X X X √ √ √ √ 6 

Baltaci 
(2012) 

√ X X √ X X X √ √ √ √ 6 

Timmins 
(2016) 

√ X X √ X X X √ √ √ √ 6 
Jo

urn
al 

Pre-
pro

of



 275 

Table 2 PEDro score of each study 276 

 277 

 278 

Modified 
Downs and 
Black Scores 

Item 
1 

Item 
2 

Item 
3 

Item 
4 

Item 
5 

Item 
6 

Item 
7 

Item 
8 

Item 
9 

Item 
10 

Item 
11 

Item 
12 

Item 
13 

Item 
14 

Item 
15 

Total 
Score 

OCEBM 
level (Lv) 

Xergia SA 
(2013) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 
Lv3b 

Mohammadi 
F (2013) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv 3b 
 

Miles JJ 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 
Lv 3b 

O’Malley E 
(2018) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 
Lv 3b 

Castanharo R 
(2011) 

1 1 1 1 1 1 1 0 1 1 1 2 0 0 1 13 
Lv 3b 

Norouzi S 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 12 
Lv 3b 

Holsgaard-
Larsen A 
(2014) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 
Lv 3b 

Read P 
(2020) 

1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 12 
Lv 3b 

Welling 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 13 Lv 3b 

Królikowska 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv 3b 

Almeida 1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv 3b 
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(2018) 
Mouzopoulos 
(2015) 

1 1 1 1 1 1 1 0 1 1 1 2 0 0 0 12 Lv 3b 

Baltaci 
(2012) 

1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 11 Lv 3b 

Timmins 
(2016) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv 3b 

Table 3 OCEBM level and Modified Downs and Black scores of each study 279 

 280 

3.4 Risk of bias across studies 281 

Of the 14 studies included, 7 reported to have received some funding in support to their research. All authors reported no conflicts of interest. 282 

There was no selective data reporting in all studies examined. 3 articles were published in open access journals with chargeable publication fees. 283 

3.5 Results of individual studies 284 

3.6 Strength 285 

The total number of ACLR participants included in this systematic review was 701. Xergia et al. 103 examined strength in participants (n=22) at 286 

approximately 7 months post-ACLR (bone-patellar tendon-bone graft (BPTB)). They found reduced strength in the ACLR limb compared to 287 

controls (n=22), and inter-limb asymmetries in the ACLR group. Norouzi et al. 73 analysed strength in 3 different groups: 1) healthy controls 288 

(n=15); 2) ACLR participants who passed (n=14); and 3) failed RTS criteria (n=13). They showed no significant difference between ACLR and 289 

healthy participants in strength at an average of 7.5 months following surgery. Holsgaard-Larsen et al. 38 measured strength in ACLR (n=23) and 290 

healthy participants (n=25 with matched MET score) at approximately 2 years post ACLR. They found greater inter-limb strength asymmetries 291 

in ACLR vs. healthy participants. Mohammadi et al. 67 assessed strength in male soccer players (n=21 BPTB and semitendinosus and gracilis 292 

tendon (n=21 STG graft) and matched controls (n=21). The results revealed strength deficits between the ACLR limb and healthy controls at 8 293 
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months post-surgery. Miles et al. 66 (n=44) assessed strength in ACLR (BPTB and STG 294 

groups) and healthy participants (n=22) during late phase rehabilitation, reporting between 295 

group differences and greater inter-limb asymmetries only in ACLR participants. Similarly, 296 

O’Malley et al. 74 evaluated strength in individuals at least 6 months after ACLR (n=118 297 

Patellar Tendon (PT)) and healthy participants (n=44). They also showed between groups 298 

differences and greater inter-limb asymmetries only in ACLR participants. Welling et al. 101 299 

measured strength in 38 amateur male soccer players at two different time-points (7 and 10 300 

months) post ACLR (14 BPTB 24 STG) and healthy participants (n=30). They found no 301 

differences between groups in peak torque at 7 and 10 months, with the exception of the 302 

hamstrings which was greater in the ACLR group at 10 months.  303 

Krolikowska et al. 48 examined strength in 2 groups of active males (total n=143 STG) 304 

(randomized based on the completion or not of ≥ 6 months postoperative physiotherapy 305 

supervision). Assessment took place at approximately 7 months post ACLR in comparison 306 

with matched controls (n=98). They observed reduced strength and significant inter-limb 307 

asymmetries in the ACLR participants compared to matched controls. Almeida et al. 3 308 

showed significant differences in strength and inter-limb strength asymmetries in 309 

professional soccer players at 6 months post ACLR (n=20 STG) compared to healthy players 310 

(n=20). Mouzopoulos et al. 71 found strength differences between amateur male athletes 1 311 

year post ACLR (n=68, 32 BPTB 36 STG) and healthy controls (n=68). Baltaci et al. 6 312 

revealed no significant difference in strength between limbs and groups in male adults 20 313 

months post ACLR (n=15) and matched controls (n=15). Timmins et al. 96 evaluated strength 314 

in 15 (ST) elite athletes who had returned to pre-injury levels of competition and training 315 

following ACLR (median time since surgery= 3.5 years), indicating greater strength deficits 316 

and greater inter-limb asymmetries compared to matched controls (n=52).  317 

3.7 RFD and power 318 

Castanharo et al. 15 measured single joint power in a CMJ in a ACLR (n=12) and a non-319 

injured control group (n=17). At more than 2 years post-surgery, they found reduced knee 320 

joint power on the ACLR side than the contralateral limb, but no differences in jump height 321 

between groups. Similarly, O’Malley et al. 74 reported significant between limbs and group 322 

differences in knee and hip power contribution during a single leg CMJ in multidirectional 323 

sport athletes > 6 months (n=118) following ACLR compared to healthy controls (n=44). 324 

Read et al. 84 measured RFD and peak power during a bilateral CMJ in ACLR (n=124) 325 
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participants (at 6-9 and >9 months post-surgery) and matched controls (n=204). The results 326 

showed significant between groups and inter-limb differences in peak power and eccentric 327 

deceleration RFD between the ACLR participants and healthy controls. 328 

3.8 Synthesis of results  329 

Due to the different assessment modes, only 5 of the 14 studies were deemed eligible for 330 

inclusion in a meta-analysis (262 participants) 3, 66, 67, 74, 101. These studies measured peak 331 

knee extension and flexion torque with an isokinetic dynamometer at 60°/s in participants 332 

involved in multidirectional sports. Separate analysis was also performed to examine 333 

differences based on different graft types (BPTB/PT and STG). If studies contained measures 334 

taken at different time points, only the data measured at the first time point beyond the 6 335 

months post-surgical period were used in the meta-analysis. Comparisons between the ACLR 336 

limb and the dominant limb of the healthy group were quantitatively synthesised. The 337 

uninvolved limb was not considered as a suitable reference limb due to the bilateral strength 338 

reductions observed in the post-surgical period 102. Knee extension and flexion strength 339 

pooled results are presented in Figure 2,3,4 and 5. 340 

3.8.1 Peak knee extension strength 341 

Pooled data showed moderate evidence indicating a large negative effect (g= -0.89, 95% CI 342 

[-1.33,-0.44]; I2=72%) of ACLR on involved limb peak knee extension torque compared to 343 

the dominant limb of the healthy controls at more than 6 months post-surgery. 344 

Subgroup analysis revealed no significant difference between groups (BPTB/PT vs STG, p= 345 

0.18), showing strong evidence of a large effect of ACLR on knee extension peak torque in 346 

BPTB/PT (g= -1.31, 95% CI [-1.62,-0.99]; I2=0%) reconstructed knees compared to the 347 

dominant limb of healthy controls. Moderate evidence of a large effect was shown in STG 348 

(g= -0.81, 95% CI [-1.47,-0.15]; I2=59%) reconstructed knees compared to the dominant limb 349 

of healthy controls. 350 

3.8.2 Peak knee flexion strength 351 

Pooled data showed moderate evidence indicating a small negative effect (g= -0.44, 95% CI 352 

[-0.78,-0.10]; I2=55%) of ACLR on peak knee flexion torque on the involved limb compared 353 

to the dominant limb of the healthy controls > 6 months post-surgery. 354 
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Subgroups analysis revealed no significant difference between groups (BPTB/PT vs STG, p= 355 

0.10), showing strong evidence of a moderate effect of ACLR on knee flexion peak torque in 356 
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BPTB/PT (g= -0.39, 95% CI [-0.68,-0.10]; I2=0%), and strong evidence of a large effect in STG (g= -0.82, 95% CI [-1.24,-0.40]; I2=0%) 357 

reconstructed knees compared to the dominant limb of healthy controls 358 

 359 

Figure 2 Forest plot for peak knee extension strength comparing the ACL reconstructed limb with the dominant limb of healthy controls. Studies are ordered 360 
according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-patellar tendon-361 
bone graft; (PT) patellar tendon graft. 362 

 363 
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 364 

Figure 3 Forest plot for peak knee flexion strength comparing the ACL reconstructed limb with the dominant limb of healthy controls. Studies are ordered 365 
according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-patellar tendon-366 
bone graft; (PT) patellar tendon graft. 367 

 368 
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 369 

Figure 4 Forest plot for peak knee extension strength comparing the ACL reconstructed limb (STG and BPTB/PT) with the dominant limb of healthy 370 
controls. Studies are ordered according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; 371 
(BPTB) bone-patellar tendon-bone graft; (PT) patellar tendon graft. 372 

 373 
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 374 

Figure 5 Forest plot for peak knee flexion strength comparing the ACL reconstructed limb (STG and BPTB/PT) with the dominant limb of healthy controls. 375 
Studies are ordered according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-376 
patellar tendon-bone graft; (PT) patellar tendon graft. 377 

 378 

4. Discussion 379 
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The aim of this review was to synthesize and critically evaluate the available literature 380 

pertaining to athletic performance capacities in physically active adult males who were in the 381 

later stages of rehabilitation (> 6 months) post ACLR compared to healthy, non-injured 382 

controls. Our particular focus was on strength, RFD, power, and reactive strength, to more 383 

clearly elucidate the magnitude of performance deficits compared to the healthy matched 384 

controls. The main findings revealed significant deficits and greater between limb 385 

asymmetries in knee extensor and flexor strength. Also, lower peak knee joint power at the 386 

knee in the ACLR limb during jumping tasks appears compensated by a higher proportion of 387 

power generated at the hip. Preliminary evidence also indicated that reductions in eccentric 388 

deceleration RFD on the involved limb are present in male adults at more than 6 months 389 

following ACLR, compared to matched controls.  390 

4.1 Effect of ACLR on maximal strength measured during isokinetic dynamometry   391 

The magnitude of residual deficits in knee extension strength following ACLR showed 392 

moderate to large effect sizes in injured male multidirectional field sport athletes who were > 393 

6 months post-surgery in comparison to healthy individuals 3, 66, 67, 74, 101. Compared to the 394 

dominant limb of matched controls, the ACLR limb displayed large deficits in knee extension 395 

peak torque (g= -0.89, 95% CI [-1.33,-0.44]) and small deficits in knee flexion peak torque 396 

(g= -0.44, 95% CI [-0.78,-0.10]). Deficits in knee extension peak torque were further 397 

pronounced in BPTB/PT grafts (g= -1.31, 95% CI [-1.62,-0.99]), whereas deficits in knee 398 

flexion peak torque were more evident in STG grafts (g= -0.82, 95% CI [-1.24,-0.40]). This 399 

may have significant implications for re-injury risk considering that quadriceps strength 400 

deficits prior to return to multidirectional sport is a significant predictor of knee re-injury 29, 401 
102. Furthermore, knee extensor strength deficits have been associated with lower levels of 402 

self-reported outcomes 79, 82, increased risk of osteoarthritis 88, impaired functional 403 

performance 8, and quality of life 24. Furthermore, linear regression models have shown small 404 

to moderate correlation values between peak knee extension torque, kinetic and kinematic 405 

variables in individuals following ACLR 8, 66, 74; thus, suggesting a significant interaction 406 

among fundamental physical capacities such as strength and more complex athletic tasks. 407 

Level of sports participation may be an important factor to consider. One study 3 analysed 408 

professional soccer players in Brazilian football teams at 6 months post ACLR and revealed 409 

large differences in knee extension peak torque in the reconstructed knee (291.3 ± 45.5 410 

Nm/Kg) compared to the dominant limb of healthy professional soccer players (358 ± 44.2 411 
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Nm/Kg). Conversely, in Dutch amateur soccer players who were 7 months post-surgery 101, 412 

no significant differences were present. As the healthy control group consisting of 413 

professional players [56] achieved higher peak torque values than amateur non-injured 414 

controls [54], this reinforces the need to consider absolute and relative torque values and not 415 

just limb symmetry. In addition, strength values in the later stages of rehabilitation, where 416 

possible, should compare performance to normative values representative of the athletes level 417 

of competition to account for the unique characteristics and functional demands of the studied 418 

population. 419 

Only one study included in our review included a progressive strength training intervention 420 

during rehabilitation in athletes post ACLR, comparing maximal strength to healthy controls 421 

at 4, 7 and 10 months after surgery 101. Results showed that the documented program (mean 422 

frequency 2.6 sessions per week), as outlined by the American College of Sports Medicine 27, 423 

was effective not only in attenuating strength deficits at 7 months (g=-0.19, 95%CI [-0.67, 424 

0.29]), but also to reach superior values (>3.0 Nm/kg) than the dominant limb of healthy 425 

controls and LSI of more than 90% by 10 months. These findings indicate that observed 426 

residual strength deficits 3, 38, 48, 66, 67, 71, 74, 96, 101, 103 are trainable and levels of performance 427 

comparable to healthy controls are possible during rehabilitation following ACLR. Thus, 428 

sports and healthcare professionals should be encouraged to adopt targeted rehabilitation 429 

strategies focusing on maximal strength, that include specific exercise selection, dosage and 430 

progressions. Briefly, current evidence indicates single-joint (e.g. leg extension/curl) and 431 

multi-joint exercises (e.g. split squat, front/back squat, deadlift) involving a load (or 432 

intensity) of 80-100% of the participant’s one RM, utilizing approximately 1-6 repetitions, 433 

across 3-5 sets, with rest periods of 3-5 minutes, and a frequency of 2-3 times per week 1, 69, 434 
89. For detailed information regarding practical applications to return athletes to high 435 

performance we recommend recently published articles 10, 11, 58, 60, 101. 436 

Our findings also show that graft type needs to be taken into consideration when assessing 437 

maximal strength and subsequently designing rehabilitations programs. Independent from 438 

graft type, knee extensor strength in multidirectional athletes > 6 months following ACLR 439 

appear significantly compromised (g= -0.89, 95% CI [-1.33,-0.44]). Knee flexor strength also 440 

targeted interventions due to residual deficits in hamstring strength (g= -0.44, 95% CI [-0.78,-441 

0.10]), especially in athletes whose elected surgery was a STG (g= -0.82, 95% CI [-1.24,-442 

0.40]). Differences between graft types were also observed in studies analysing knee 443 

extension and flexion strength in recreational athletes at isokinetic velocities different than 444 
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60°/s 48, 103. More pronounced knee extension strength deficits were found in BPTB grafts 103, 445 

whereas knee flexion strength deficits were more evident in STG grafts 48. In addition, one 446 

study 71 showed significantly greater hip flexion strength (measured concentrically and 447 

eccentrically at 60°/s and 120°/s) in amateur male athletes with a BPTB graft (n=32) than in 448 

the STG group (n=36) at 1-year post ACLR (p<0.0001). Both groups displayed inferior 449 

values when compared to matched controls. 450 

 451 

4.2 Assessment modes to determine maximal strength 452 

The majority of studies used an isokinetic dynamometer at a variety of test speeds 453 

(60°/s,120°/s,180°/s and 300°/s) for both the quadriceps and hamstring muscles 3, 6, 48, 66, 67, 74, 454 
101, 103. Other testing modes included isometric MVIC on a dynamometer 38, 73, 96, or uniaxial 455 

load cells 96 Surprisingly, none of the eligible and included studies evaluated multi-joint 456 

strength levels (e.g. back squats, isometric mid-thigh pull). Although single-joint strength 457 

assessment is required and provides an indication of specific deficits in muscles directly 458 

associated with the injured site following ACLR, research has shown that multi-joint strength 459 

capacities display a heightened transfer to athletic performance 89. Specifically, moderate to 460 

high correlations between multi-joint strength levels and jumping, sprinting and COD 461 

performance were reported in a recent systematic review 90. Therefore, future research is 462 

warranted to examine ‘global system’ strength in athletes following ACLR to determine their 463 

level of readiness to re-perform using sport relevant capacity tests.  464 

The two studies that measured quadriceps MVIC 38, 73 with a stabilized dynamometry (in 465 

sitting at 90° knee flexion) did not detect any knee extension MVIC deficit compared to the 466 

contralateral limb. Instead, conflicting results were found in knee flexion MVIC. One study 38 467 

showed 22% inter-limb asymmetry in hamstring MVIC (measured in 90° knee flexion), 468 

whereas no differences were observed when hamstring MVIC was tested at 0° knee flexion 469 
96. It appears that differences in quadriceps strength were more apparent in studies using 470 

isokinetic dynamometry 3, 66, 67, 74, 101, which may be more sensitive in detecting strength 471 

deficits throughout the range of motion analysed, compared to a stabilized dynamometry at a 472 

specific joint-angle only. Also, these results indicate that measuring hamstrings strength at a 473 

specific joint angle may not be sufficient to detect deficits. Although knee positions near full 474 

extension are often frequently reported as part of the ACL injury mechanism 98, it is also 475 

important to note that smaller knee flexion angles (i.e. < 30°) expose the ACL to high strain 476 
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magnitudes 64, 81, 104, which may preclude assessment in these ranges during the earlier stages 477 

of rehabilitation. In most studies using isokinetic dynamometry, it is unclear at which angle 478 

peak torque occurred. Therefore, information about muscle performance during specific 479 

ranges of motion or shifts in peak torque angles occurring following ACLR are limited, with 480 

existing studies reporting contrasting results 16, 62, 76. Among the studies included in this 481 

review, only Krolikowska et al. 48 reported a shift of ACLR limb knee flexor muscles peak 482 

torque angle at 180˚/s towards extension in participants with shorter supervised post-surgical 483 

rehabilitation, compared to the other two groups.  484 

4.3 Effect of ACLR on maximal strength – summary of findings  485 

Taken together, the synthesized data from our review suggests that: 1) isokinetic 486 

dynamometry is more sensitive in detecting force production deficits than MVIC assessment; 487 

2) subjects receiving a BPTB autograft display greater deficits in quadriceps strength and 488 

should be more closely monitored in their knee extensor strength capacity over the course of 489 

rehabilitation and prior to RTS; 3) subjects receiving STG autograft show deficits in 490 

hamstring strength although this is not consistent across all studies which imply particular 491 

attention during rehabilitation; 4) subjects receiving a BPTB autograft might be slower in 492 

achieving key rehabilitation milestones such as 90% LSI; 5) physiotherapy programs with 493 

specific emphasis on strength are capable of achieving the targeted strength values 494 

comparable to those of healthy matched controls; 6) in addition to LSI and absolute peak 495 

forces, normative values appear of utmost importance to assess rehabilitation status to 496 

remove the confounding factor of using the contralateral limb as the only reference value 497 

which may overestimate knee function. 498 

4.4 Effect of ACLR on rate of force development and power 499 

Only one study 84 meeting our inclusion criteria reported RFD in physically active male 500 

adults following ACLR compared to controls at more than 6 months post ACLR. Read et al. 501 
84 showed that eccentric deceleration RFD on the involved limb was significantly lower in 502 

athletes > 6 months post ACLR vs. matched controls and they also displayed a greater 503 

eccentric deceleration RFD asymmetry index. Interestingly, no meaningful between group 504 

differences were observed in eccentric mean force. Eccentric deceleration RFD provides an 505 

indication of the rate of force rise as the athletes decelerate their mass in the final phase of the 506 

descent. Eccentric mean force examines the entire lowering phase and these data suggest that 507 
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rate-related variables may be more sensitive to identify between-limb deficits after injury but 508 

this requires further investigation.   509 

Castanharo et al. 15 assessed single joint power contributions (i.e. physical capacity 510 

containing both force and velocity) in the CMJ, comparing an ACLR group (adult males with 511 

STG graft ≥ 2 years post-surgery) to a control group. They found no significant differences in 512 

jump height between groups, but peak knee joint power on the ACLR limb was 13% lower 513 

than the contralateral side. O’Malley et al. 74 also reported significant inter-limb asymmetries 514 

in hip power contribution (d=0.75), knee power contribution (d= -0.37) and single leg CMJ 515 

peak power (d= -0.47, β=0.99). Similar differences in peak power LSImodified (d = –0.61), hip 516 

(d = 0.61), and knee power contribution (d = –0.40) were also found between the ACLR limb 517 

and the dominant limb of the control group. Collectively, these studies indicated that in the 518 

ACLR limb, a higher proportion of power is generated at the hip to compensate lower peak 519 

knee joint power when generating propulsive forces in tasks such as unilateral jumping. No 520 

values regarding the epoch taken to generate force were reported. Therefore, speculation of 521 

differences in RFD in the different phases of the CMJ cannot be made. This impeded 522 

accurate data extraction regarding RFD values in these studies.   523 

Although there was a paucity of data to examine the effect of ACLR on RFD, the ability of 524 

key musculature such as the quadriceps to generate force rapidly in ACLR cohorts is 525 

important to optimise lower extremity loading characteristics in hopping and jumping 8, 83. 526 

Therefore, knee extensor RFD/RTD has been suggested as a useful component to include in 527 

RTS decision making 4, 39. Furthermore, Angelozzi et al. 4 showed that although peak force 528 

differences between-limbs had normalised 6 months post ACLR, residual deficits in RFD 529 

during and isometric leg press were identified. However, these authors 4 also showed that 530 

targeted interventions are successful in restoring these capacities to their pre-injury levels. 531 

Further research is warranted to investigate if deficits in eccentric deceleration RFD are 532 

trainable and if deficits in this physical capacity are associated with the secondary injuries 533 

following ACLR. 534 

4.5 Effect of ACLR on reactive strength  535 

We did not find any studies meeting our inclusion criteria that measured reactive strength in 536 

physically active male adults who were more than 6 months following ACLR in comparison 537 

to matched controls. King et al. 45 examined RSI in an ACLR male adult population involved 538 

in multidirectional sports approximately at 9 months post-surgery (n =156, mean age 24.8 ± 539 
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4.8) although this study did not include a control group. Reductions in RSI were observed in 540 

the ACLR limb compared to the contralateral (21% between-limb deficit; d = −0.73.). 541 

Previously, Flanagan et al. 25 evaluated RSI in ten participants (8 men, 2 women at a mean 542 

time from ACLR of 27.0 ± 14.5 months) using a jump sledge apparatus with the body weight 543 

supported, sliding on a fixed track inclined at 30° to the horizontal. Their results showed high 544 

LSI in RSI post ACLR, but the subjects were over 2 years post-surgery, and the demands of 545 

the task may be less demanding with lower ground reaction forces. Considering the 546 

importance of reactive strength in jumping, change of direction and metabolic cost of running 547 
52, 63, further research is required to examine reactive strength levels in male adults during the 548 

later stages of rehabilitation and RTS following ACLR. Furthermore, it may be prudent to 549 

examine changes in SSC function following ACLR and their responsiveness to targeted 550 

rehabilitation strategies. The available evidence indicates that plyometric training is used 551 

sparingly during ACL rehabilitation 22; thus, more studies are required to determine if 552 

residual deficits in this fundamental physical quality are present in comparison to healthy 553 

controls.  554 

4.6 Level of evidence, quality and risk of bias in individual studies 555 

All included research were controlled cohort studies; therefore, the level of evidence was 3. 556 

The included studies presented a high methodological quality (based on the modified Downs 557 

and Black scale). Risk of bias assessment (based on the PEDro scale) is presented in Table 2. 558 

The most frequent sources of methodological considerations were: blinding of outcome 559 

assessors and participants allocation (due to obvious limitations in ACLR cohorts), 560 

distribution and adjustment for confounders, and sample size calculation. Most of the 561 

distribution of principal confounders (age, time after surgery, physical activity levels, etc.) 562 

were clearly described, except for a minority of studies where graft type used was not 563 

mentioned. This has been shown to influence important clinical outcomes 40, 66. However, all 564 

articles reported clear eligibility criteria, similar baseline across groups, complete outcome 565 

measures and adequate statistical analysis between groups for at least one key outcome. 566 

4.7 Limitations  567 

We decided to exclude adolescent and paediatric ACLR cohorts owing to the lack of 568 

substantial high quality evidence regarding management in this population 12, 33, 41, 68. In 569 

addition, females were not examined due to their different anthropometric, hormonal, training 570 
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and kinematic features when compared to males 13, 26, 35, 36, 57, 65, 92, 99. Finally, we included 571 

only articles where a control group was present; thus, decreasing the overall pool of studies in 572 

this review. Due to the observed reductions in contralateral limb function following ACLR, 573 

using the non-injured limb as a reference and only quantifying LSI only may overestimate the 574 

functional improvements observed during rehabilitation 78, 102. Instead, we included studies 575 

that compared the ACLR limb with the dominant limb of matched controls to increase the 576 

methodological quality of our review and conclusions drawn from the quantitative analysis. 577 

Finally, despite our strict criteria and the homogeneous assessment mode included in the 578 

meta-analysis, there was high statistical heterogeneity across the studies when these were 579 

analysed without differentiating graft types. Heterogeneity was significantly lowered when 580 

subgroups were created according to graft type, suggesting that studies evaluating strength 581 

outcomes should report this as part of the participant information. 582 

 583 

4.8 Practical recommendations and future research 584 

Deficits in knee extensor and flexor peak torque were detected in the ACLR limb of male 585 

adults in most studies even after having completed rehabilitation and returned to sports. Knee 586 

extensor strength deficits were more evident in subjects with a BPTB compared to STG 587 

grafts, where hamstring strength appeared more compromised. However, both knee extensors 588 

and flexors strength deficits have shown to reduce by implementing targeted interventions 589 

with a maximal strength emphasis adopted during rehabilitation 48, 101.  590 

O’Malley et al. 74 provided normative values for quadriceps and hamstring strength (i.e. 591 

240% to 270% and 150% to 160% of their body mass on isokinetic dynamometer at 60°/s) 592 

which correlated with optimal rehabilitation status. Welling et al. 101 suggested that 593 

quadriceps peak torque normalised to bodyweight should be > 3.0 Nm/kg at 60°/s. Therefore, 594 

it appears vital that quadriceps and hamstring strengthening should continue to be part of a 595 

rehabilitation programme until these minimum requirements are met. It is also recommended 596 

to further enhance strength beyond these values and target RFD to increase capacity in sport 597 

relevant physical qualities. Future studies should examine optimal normative strength values 598 

for proximal and distal lower limb components as well as global measures of strength (e.g. 599 

back squat, front squat, mid-thigh pull, etc.) considering the limited ability of LSI in 600 

estimating knee function and performance.  601 
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Finally, due to its high correlation with SSC performance, future research should analyse 602 

reactive strength in male adults following ACLR. 603 

 604 

5 Conclusions 605 

The findings from our synthesis of the available literature suggests that knee extensor and 606 

flexor strength deficits are still present at more than 6 months following ACLR. These appear 607 

to be influenced by graft types and importantly can be mitigated by targeted rehabilitation 608 

programs. Key rehabilitation milestones should include both absolute strength scores and LSI 609 

compared to healthy controls or pre-injury values to provide a more complete understanding 610 

of knee function and rehabilitation status. Due to the paucity of studies investigating RFD 611 

and reactive strength in this population, no definitive conclusions can be drawn between 612 

these fundamental physical determinants and rehabilitation status and this warrants further 613 

research. 614 

 615 
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Table 1 Summary of the included studies 

AUTHOR(S),Y
EAR AND 

POPULATION 
STUDIES 

PARTICIPA
NTS AND 

AGE (years) 

INTERVENTIONS COMPARISONS OUTCOMES 
 

STUDY DESIGN 

 
Xergia 
(2013) 
 
Active population 

22 BPTB 
 

28.8 ± 11.2 

 
Isokinetic concentric 
knee extension and 
flexion strength 
(120°/s, 180°/s, and 
300°/s) 
 

Contralateral limb 
Control group 

 
Compared to the control group, the ACLR group 

had greater isokinetic knee extension torque 
deficits at all speeds (p≤.001) 

 

Controlled cohort 
study 

 
Mohammadi 
(2013) 
 
Athletes involved 
in competitive 
sports 

42 = 21BPTB 
+ 

21STG 
 

25 ± 3 

 
Isokinetic concentric 
knee extension and 
flexion strength (60°/s 
and 180°/s) 
 

Between ACLR groups 
Contralateral limb 

Control group 

 
No difference between BPTB and STG for 

hamstrings peak torque (p = 0.69 for 60°/s and p 
= 0.63 for 180°/s) or the limb symmetry index 
for the single-hop (p = 0.78) or 6-m-hop (p = 
0.74) tests.   STG group had greater values for 

quadriceps peak torque (13% and 17% change, p 
=0.004) compared to the BPTB group. The 
ACLR limbs of both groups had lower peak 

torques (p = 0.01) compared to matched controls 
 

Controlled cohort 
study 

 
Miles  
(2019) 
 
Multidirectional 
sports 
 

 
44 = 22BPTB 

+ 
22STG 

 
BPTB 23.4 ± 

4.4 
STG 26.1 ± 

4.4 

 
Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

 
Between ACLR groups 

Contralateral limb 
Control group 

 
BPTB had a greater knee extensor strength 
AAI than STG (P = 0.002, ES = 1.17) and 

controls 
(P < 0.001, ES = 1.40). No difference was 
found between STG and controls in knee 

extensor strength 
AAI (P = 0.18) 

 

 
Controlled cohort 

study 
 

 
O'Malley 
(2018) 
 

 
118 Patellar 

tendon 
 

 
Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 

Contralateral limb 
Control group 

Between-Limbs Differences: ISO knee-
extension peak torque (ES=–1.33), SLCMJ knee 
power contribution (ES = –0.37), and ISO knee-

flexion peak torque (ES = –0.19). Between-

Controlled cohort 
study 
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Multidirectional 
sports 

23.6 ± 5.8  Groups Differences: ISO knee-extension LSI 
(ES = –1.53), LSImodified (ES =1.28), ISO 

knee-extension peak torque (ES = –1.20), hip 
power contribution (ES = 0.61), SL CMJ knee 

power contribution (ES = –0.40), and ISO knee-
flexion peak torque (ES = –0.36). 

 
Castanharo  
(2011) 
 
Recreational 
sports activities 
 

12 STG 
 

28 ± 8 

Knee joint power in 
CMJ 
 

Contralateral limb 
Control group 

 
In the ACLR group the peak knee joint power on 

the operated side was 13% lower than on the 
non-operated side (p = 0.02) 

 

Controlled cohort 
study 

 
Norouzi (2019) 
 
Multidirectional 
sports (football 
players) 27 

 
23.8 ± 3.3 

 
Knee extensor strength 
(using a stabilised 
dynamometry)  
 

Passed and failed RTS 
criteria groups 

Contralateral limb 
Control group 

No significant difference between the 3 groups 
in terms of the quadriceps strength symmetry 

index (p > 0.05) 

Controlled cohort 
study 

 
Holsgaard-Larsen  
(2014) 
 
Active population 

23 STG 
 

27.2 ± 7.5 

 
MVC knee extensors 
and flexors (using 
stabilized 
dynamometry) 
 

Contralateral limb 
Control group 

 
Asymmetry in hamstring MVC was greater (p < 

0.001) for ACLR participants than controls 
(77.4% vs. 101.3%) 

 

Controlled cohort 
study 

 
Read (2020) 
 
Multidirectional 
sports (elite 
soccer players) 

 
 

124= 69 (6-9 
months) + 55 
(>9 months) 

 

 
 
 
 
 
 

 
 
 
 
 
 

 
Between-limb differences in eccentric 

deceleration RFD remained significantly greater 
in players >9 months after ACLR versus 

matched controls (p<0.05). 
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6-9 months 
23.7 ± 6.7 

 
>9 months 
24.0 ± 5.4 

 
 

Eccentric deceleration 
RFD in CMJ 
 

Between ACLR groups 
Contralateral limb 

Control group 

Controlled cohort 
study 

 
Welling (2019) 
 
Multidirectional 
sports (amateur 
soccer players) 

 
 

38 
 

24.2±4.7 
 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

 
Contralateral limb 

Control group 

 
Soccer players after ACLR had no significant 
differences in peak quadriceps and hamstring 
muscle strength in the injured leg at 7 months 

after ACLR compared to the dominant leg of the 
control group. Furthermore, 65.8% of soccer 
players after ACLR passed LSI >90% at 10 

months for quadriceps muscle strength 
 

 
 

Controlled cohort 
study 

 
Królikowska 
(2019) 
 
Active people 

 
Group 1= 77 

STG 
Group 2= 66 

STG 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s 
and 180°/s) 
 

 
Between ACLR groups 

Contralateral limb 
Control group 

 
The shift towards extension was noted when 
comparing the ACL-reconstructed limb to the 

uninvolved limb (Group I, p ≤0.001; Group II, p 
≤ 0.001) and to Group III (p ≤0.001), but it was 
not correlated with physiotherapy supervision 

duration (r = -0.037, p = 0.662). In ACLR 
patients, there was a moderate association of 
supervision duration and knee flexor LSI (r = 

0.587, p < 0.001). 
 

 
 
 

Controlled cohort 
study 

 
Almeida (2018) 
 
Multidirectional 
sports (elite 
soccer players) 
 

20 STG 
 

Median 21 
(18-28) 

 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s) 
 

 
Contralateral limb 

Control group 

 
At 6 months post-surgery knee function 

questionnaires and quadriceps peak torque 
deficit improved after surgery but were 

significantly lower compared to controls. 

 
 

Controlled cohort 
study 

 
Mouzopoulos 
(2015) 

 
32 BPTB 
36 STG 

Isokinetic hip flexor 
contraction at an 
angular velocity of 

 
Between ACLR groups 

Contralateral limb 

 
Hip flexion strength in ACL reconstructed 

patients 

 
 

Controlled cohort 
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Weekend athletes 

 
26.2±5.6 

120°/seconds 
and 60°/seconds in a 
concentric and 
eccentric mode were 
performed 
 

Control group either with patellar tendon or hamstrings grafts, 
one year after reconstruction is significantly 

decreased compared to healthy controls 
(p<0.0001). Patients reconstructed with patellar 

tendon have stronger hip flexors than those 
reconstructed with hamstrings graft (p<0.0001) 

study 

 
Baltaci (2012) 
 
Not specified 

15 
 

29.6±5.9 

Isokinetic concentric 
knee extension and 
flexion strength (60°/s 
and 180°/s) 
 

 
Contralateral limb 

Control group 

 
When the operated knees were compared to the 
healthy side, mean limb symmetry index was 
over 92% (with two cases at 88%). When the 

dominant leg was compared to the non-dominant 
leg in the control group, the mean limb 

symmetry index was over 95%. 

 
 

Controlled cohort 
study 

 
Timmins (2016) 
 
Multidirectional 
sports (elite 
soccer and AFL 
players) 

 
15 ST 

 
24.5±4.2 

MVIC of knee flexor 
at 0°, and average peak 
force during the 
Nordic hamstring 
exercise  
 

 
Contralateral limb 

Control group 

 
Eccentric strength was lower in the ACLR limb 
when compared with the contralateral uninjured 

limb. Fascicle length, MVIC, and eccentric 
strength were not different between the left and 

right limb in the control group 
 

 
 

Controlled cohort 
study 

 

(ACL) anterior cruciate ligament, (ACLR) anterior cruciate ligament reconstruction, (BPTB) bone-patellar tendon-bone, (ST) semitendinosus tendon, (STG) 
semitendinosus and gracilis tendon, (SL) single leg, (CMJ) countermovement jump, (DJ) drop jump, (RTS) return to sports, (3D) three dimensional, (GRF) 
ground reaction force, (VGRF) vertical ground reaction force, (PVGRF) peak vertical ground reaction force, (Hz) hertz, (MVC) maximal voluntary contraction, 
(MVIC) maximal voluntary isometric contraction, (ROM) range of motion, (ISO) isokinetic, (LSI) limb symmetry index, (ES) effect size, (AAI) absolute 
asymmetry index 
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Table 2 PEDro score of each study 

 

 

 

 

 

 

 

 

 

 

 

PEDro 
Scale 

Item 
1 

Item 
2 

Item 
3 

Item 
4 

Item 
5 

Item 
6 

Item 
7 

Item 
8 

Item 
9 

Item 
10 

Item 
11 

Total 
Score 

Xergia SA 
(2013) 

√ X X √ X X X √ √ √ √ 6 

Mohammadi 
F (2013) 

√ X X √ X X X √ √ √ √ 6 

Miles JJ 
(2019) 

√ X X √ X X X √ √ √ √ 6 

O’Malley E 
(2018) 

√ X X √ X X X √ √ √ √ 6 

Castanharo R 
(2011) 

√ X X √ X X X √ √ √ √ 6 

Norouzi S 
(2019) 

√ X X √ X X X √ √ √ √ 6 

Holsgaard-
Larsen A 
(2014) 

√ X X √ X X X √ √ √ √ 6 

Read P 
(2020) 

√ X X √ X X X √ √ √ √ 6 

Welling 
(2019) 

√ X X √ X X X √ √ √ √ 6 

Królikowska 
(2019) 

√ X X √ X X X √ √ √ √ 6 

Almeida 
(2018) 

√ X X √ X X X √ √ √ √ 6 

Mouzopoulos 
(2015) 

√ X X √ X X X √ √ √ √ 6 

Baltaci 
(2012) 

√ X X √ X X X √ √ √ √ 6 

Timmins 
(2016) 

√ X X √ X X X √ √ √ √ 6 
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Table 3 OCEBM level and Modified Downs and Black scores of each study 

Modified 
Downs and 
Black 
Scores 

Item 
1 

Item 
2 

Item 
3 

Item 
4 

Item 
5 

Item 
6 

Item 
7 

Item 
8 

Item 
9 

Item 
10 

Item 
11 

Item 
12 

Item 
13 

Item 
14 

Item 
15 

Total 
Score 

OCEBM 
level 
(Lv) 

Xergia SA 
(2013) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 
Lv3b 

Mohammadi 
F (2013) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 

Miles JJ 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 

O’Malley E 
(2018) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 

Castanharo R 
(2011) 

1 1 1 1 1 1 1 0 1 1 1 2 0 0 1 13 Lv3b 

Norouzi S 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 12 Lv3b 

Holsgaard-
Larsen A 
(2014) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 

Read P 
(2020) 

1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 12 Lv3b 

Welling 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 13 Lv3b 

Królikowska 
(2019) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 

Almeida 
(2018) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 

Mouzopoulos 
(2015) 

1 1 1 1 1 1 1 0 1 1 1 2 0 0 0 12 Lv3b 

Baltaci 
(2012) 

1 1 1 1 1 1 1 0 1 1 1 1 0 0 0 11 Lv3b 

Timmins 
(2016) 

1 1 1 1 1 1 1 0 1 1 1 2 0 1 1 14 Lv3b 
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Figure 2 Forest plot for peak knee extension strength comparing the ACL reconstructed limb with the dominant limb of healthy controls. Studies are ordered 
according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-patellar tendon-bone 
graft; (PT) patellar tendon graft. 
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Figure 3 Forest plot for peak knee flexion strength comparing the ACL reconstructed limb with the dominant limb of healthy controls. Studies are ordered 
according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-patellar tendon-bone 
graft; (PT) patellar tendon graft. 
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Figure 4 Forest plot for peak knee extension strength comparing the ACL reconstructed limb (STG and BPTB/PT) with the dominant limb of healthy controls. 
Studies are ordered according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-
patellar tendon-bone graft; (PT) patellar tendon graft. 
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Figure 5 Forest plot for peak knee flexion strength comparing the ACL reconstructed limb (STG and BPTB/PT) with the dominant limb of healthy controls. 
Studies are ordered according to effect size. (ACLR) anterior cruciate ligament reconstruction; (STG) semitendinosus and gracilis tendon graft; (BPTB) bone-
patellar tendon-bone graft; (PT) patellar tendon graft. 
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Test for overall effect: Z = 2.40 (P = 0.02)

Study or Subgroup

Almeida et al, 2018

Miles et al, 2019

Subtotal (95% CI)

Heterogeneity: Tau² = 0.20; Chi² = 4.85, df = 2 (P = 0.09); I² = 59%

Mean

291.3

SD

45.5

Total

20

63

Mean

358

SD

44.2

Total

20

41

Weight

15.9%

45.5%

-1.46 [-2.16,-0.75]

-0.81 [-1.47,-0.15]

 ACLR Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2

Peak knee extension strength - STG graft

Mohammadi et al, 2013 180 19 21 189 21 10 14.5% -0.45 [-1.21, 0.32]

IV, Random, 95% CI

Favours ACLRFavours Controls

251.95 46.1 22 272.53 28.4 11 15.2% -0.49 [-1.22, 0.25]

Test for overall effect: Z = 8.18 (P < 0.00001)

O’Malley et al, 2018

Mohammadi et al, 2013

Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 1.51, df = 2 (P = 0.47); I² = 0%

200.2 44.9 118

161

260.8 37.2 44

66

26.4%

54.5%

-1.40 [-1.78,-1.02]

-1.31 [-1.62,-0.99]

Peak knee extension strength - BPTB or PT graft

Miles et al, 2019 219.95 68.48 22 272.53 28.4 11 14.6% -0.88 [-1.63,-0.12]

160 21 21 189 21 11 13.5% -1.35 [-2.16,-0.54]

Test for overall effect: Z = 5.48 (P < 0.00001)

Total (95% CI)

Heterogeneity: Tau² = 0.10; Chi² = 9.57, df = 5 (P = 0.09); I² = 48%

224 107

Test for subgroup differences: Chi² = 1.78, df = 1 (P = 0.18); I² = 43.9%

100.0% -1.05 [-1.42,-0.67]
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Test for overall effect: Z = 3.92 (P < 0.0001)

Study or Subgroup

Almeida et al, 2018 - STG

O’Malley et al, 2018 - PT

Mohammadi et al, 2013 - BPTB

Subtotal (95% CI)

Heterogeneity: Tau² = 0.25; Chi² = 21.15, df = 6 (P = 0.002); I² = 72%

Mean

291.3

  200.2

     160

SD

45.5

44.9

21

Total

20

118

21

262

Mean

358

260.8

189

SD

44.2

37.2

21

Total

20

44

11

137

Weight

13.7%

18.1%

12.3%

100.0%

-1.46 [-2.16,-0.75]

-1.40 [-1.78,-1.02]

-1.35 [-2.16,-0.54]

-0.89 [-1.33,-0.44]

 ACLR Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2

Miles et al, 2019 - BPTB

Miles et al, 2019 - STG

Mohammadi et al, 2013 -STG

219.95

251.95

180

68.48

46.1

19

22

22

21

272.53

272.53

189

28.4

28.4

21

11

11

10

13.0%

13.3%

12.9%

-0.88 [-1.63,-0.12]

-0.49 [-1.22, 0.25]

-0.45 [-1.21, 0.32]

Welling et al, 2019 223.4 51.1 38 231.7 27 30 16.8% -0.19 [-0.67, 0.29]

IV, Random, 95% CI

Peak knee extension strength

Favours ACLRFavours Controls
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Test for overall effect: Z = 3.85 (P = 0.0001)

Study or Subgroup

Almeida et al, 2018

Miles et al, 2019

Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 1.54, df = 2 (P = 0.46); I² =0%

Mean

144.75

SD

23.96

Total

22

63

Mean

172.43

SD

27.9

Total

11

41

Weight

 9.5%

32.4%

-1.07 [-1.84,-0.29]

-0.82 [-1.24,-0.40]

 ACLR Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2

Peak knee flexion strength - STG graft

Mohammadi et al, 2013  97 14 21 103 13 10  9.8% -0.43 [-1.19, 0.33]

IV, Random, 95% CI

Favours ACLRFavours Controls

 166.1 30.9 20  190.5 18.5 20 13.2% -0.94 [-1.60,-0.28]

Test for overall effect: Z = 2.66 (P = 0.008)

O’Malley et al, 2018

Mohammadi et al, 2013

Subtotal (95% CI)

Heterogeneity: Tau² = 0.00; Chi² =0.14, df = 2 (P = 0.93); I² = 0%

96  13  21

161

   103   13 11

66

10.3%

67.6%

-0.52 [-1.27, 0.22]

-0.39 [-0.68,-0.10]

Peak knee flexion strength - BPTB or PT graft

Miles et al, 2019

145.7 28.5  118   155.9 24.3 44 46.7% -0.37 [-0.72,-0.02]

159.38 36.96 22 172.43 27.9 11 10.6% -0.37 [-1.10, 0.36]

Test for overall effect: Z = 4.38(P < 0.0001)

Total (95% CI)

Heterogeneity: Tau² = 0.00; Chi² = 4.40, df = 5 (P = 0.49); I² = 0%

224 107

Test for subgroup differences: Chi² = 2.72, df = 1 (P = 0.10); I² = 63.2%

100.0% -0.53 [-0.77,-0.29]
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Test for overall effect: Z = 2.51 (P = 0.01)

Study or Subgroup

Miles et al, 2019 - STG

Almeida et al, 2018 - STG

Mohammadi et al, 2013 - BPTB

Subtotal (95% CI)

Heterogeneity: Tau² = 0.11; Chi² = 13.22, df = 6 (P = 0.04); I² = 55%

Mean

144.75

  166.1

     96

SD

23.96

30.9

13

Total

22

20

21

262

Mean

172.43

190.5

103

SD

27.9

18.5

13

Total

11

20

11

137

Weight

11.4%

13.6%

12.0%

100.0%

-1.07 [-1.84,-0.29]

-0.94 [-1.60,-0.28]

-0.52 [-1.27, 0.22]

-0.44 [-0.78,-0.10]

 ACLR Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2

Peak knee flexion strength

Mohammadi et al, 2013 - STG

Miles et al, 2019 - BPTB

O’Malley et al, 2018 - PT

97

159.38

145.7

14

36.96

28.5

21

22

118

103

172.43

155.9

13

27.9

24.3

10

11

44

11.6%

12.2%

21.4%

-0.43 [-1.19, 0.33]

-0.37 [-1.10, 0.36]

-0.37 [-0.72,-0.02]

Welling et al, 2019 143.8 29.9 38 136.3 21.1 30 17.8% 0.28 [-0.20, 0.76]

IV, Random, 95% CI

Favours ACLRFavours Controls
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What is known about the subject: Significant deficits in muscle function have commonly been 

reported following ACLR. In these studies a large heterogeneity was present in confounding 

variables such as gender, graft type and level of sports participation. A synthesis of the literature to 

determine the magnitude of residual deficits in male adults following ACLR compared to matched 

controls is needed. A broad examination of pertinent physical qualities such as strength, rate of 

force development, power and reactive strength following ACLR is required to more clearly 

elucidate an athlete’s state of readiness to re-perform. 

 

What this study adds to existing knowledge: Our findings indicate that residual deficits in in knee 

extensor and flexor strength are present at more than 6 months in male adult athletes following 

ACLR. A quantitative and qualitative synthesis of the available literature were performed to offer 

sports medicine and rehabilitation professionals a clear indication of the magnitude of these 

differences. In addition, subgroup analysis revealed the influence of graft types on specific deficits. 

Importantly these can be mitigated by targeted rehabilitation programs. Key rehabilitation 

milestones should include not only LSI but also absolute strength scores compared to healthy 

controls values to provide a more complete understanding of knee function and rehabilitation status. 

Due to the paucity of studies investigating RFD and reactive strength in this population, no 

definitive conclusions can be drawn between these fundamental physical determinants and 

rehabilitation status and this warrants further research. 
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