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Abstract

Purpose The aim of this study was to (1) describe psychological outcomes during the first year after an anterior cruciate
ligament (ACL) reconstruction and (2) compare psychological outcomes in patients who recover symmetrical muscle func-
tion with patients who do not.

Methods The included patients had undergone a unilateral ACL reconstruction. Patients with a re-rupture and contralateral
ACL injury were excluded. Three groups, based on the results from 5 tests of muscle function 12 months after reconstruc-
tion, were created. Three validated questionnaires (the Knee Self-Efficacy Scale; the Knee injury and Osteoarthritis Outcome
Score subscale “Quality of Life”’; the ACL Return to Sport after Injury scale) and a single question “Have you achieved your
goal with rehabilitation?” were analysed in 4 different follow-ups after ACL reconstruction (10 weeks, 4, 8 and 12 months).
Means and standard deviations were analysed with standard 7 tests and reported with 95% confidence intervals.

Results A total of 328 patients (120 men, 37%), mean age 27.8 + 10 years, were included. Patients who did not recover
symmetrical muscle function (n =56; 17%) at the 12-month follow-up reported inferior knee-related self-efficacy and qual-
ity of life than patients who recovered symmetrical muscle function (n=96; 29%) at all follow-ups, except quality of life at
4 months. The proportion of patients who stated they achieved their rehabilitation goal at 12 months was 17% for the entire
cohort, 24% for patients who recovered muscle function and 5% for patients who did not recover muscle function.
Conclusion Patients who recovered strength and hop symmetry 12 months after ACL reconstruction had superior knee-related
self-efficacy and greater quality of life during the whole first year after ACL reconstruction. These results can aid clinicians
in the decision-making process by providing knowledge of patients who might need further attention during rehabilitation.
Level of evidence III.
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Introduction

An anterior cruciate ligament (ACL) rupture is a severe knee
injury [12]. Like other severe injuries, patients who sustain
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negative psychological response pre-operatively may help
to direct post-operative interventions.

Recently, Webster et al. [35] reported that more sym-
metrical hop performance in athletes was associated with
superior psychological readiness to return to sport. Accord-
ing to a biopsychosocial model related to athletic injury,
both physical and functional factors affect psychological
response [36, 38]. A negative psychological response com-
prising, for instance, depression and anxiety pre-operatively,
might impact psychological readiness to return to sport after
surgery. However, in the study by Webster et al. [35] only
1 hop test was used to assess limb symmetry and it is not
known whether the use of more hop tests, complemented
with muscle strength tests, would help to better understand
the relationship between psychological readiness and muscle
function. When the demands for symmetry between limbs
in tests of muscle function increase by adding more tests,
the success rate (that is, the number of patients reaching a
given threshold for symmetry) decreases [31]. As a result,
not accounting for enough hop and muscle strength tests
after ACL reconstruction might create misleadingly high
success rates that will jeopardise the decision-making pro-
cess for return to sports.

Return to sport is a milestone for the majority of patients
who sustain an ACL rupture [10]. However, only about 50%
of all patients actually return to competitive sport, despite
the fact that almost 90% of the patients reach the benchmarks
of what is regarded as normal knee function when deter-
mined by 1 patient-reported outcome and 2 hop tests [2, 3].

There is an apparent knowledge gap with regard to psy-
chological factors during the first post-operative year and
the way these factors are related to the recovery of strength
and hop ability after an ACL reconstruction. The purpose
of this study was, therefore, to describe psychological out-
comes during the first year after an ACL reconstruction. A
further aim was to compare the psychological outcomes in
patients who recover symmetrical muscle function with that
of patients who do not. The hypothesis was that patient-
reported psychological outcomes improve gradually during
the first year of rehabilitation after ACL reconstruction.
In addition, it was hypothesised that patients who recover
symmetrical muscle function across a battery of tests would
report superior scores for psychological outcomes com-
pared with patients who do not recover symmetrical muscle
function.

Materials and methods

Data were extracted from a rehabilitation-specific outcome
registry, Project ACL. Upon participation, patients agree to
have their data collected and analysed in the registry. Fol-
low-up data collection consists of patient-reported outcomes
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(PROs) and data from five tests of muscle function. Ethical
approval was obtained from the Regional Ethical Review
Board in Gothenburg, Sweden (registration numbers: 265-
13, T023-17).

The tests of muscle function comprise knee flexion and
extension strength and three tests of hop performance. The
tests in Project ACL are conducted according to a standard-
ised protocol. Patients participating in the project are rec-
ommended to familiarise themselves with all the tests prior
to testing. Follow-up data are collected after a predefined
schedule starting from baseline (ACL injury or reconstruc-
tion): 4 weeks, 10 weeks, 4 months, 8 months, 12 months,
18 months, 2 years, yearly up to 5 years and then every
5 years.

Patients were included in the present study if they were
aged 15-65 years, had sustained a unilateral ACL injury
and had undergone an ACL reconstruction. Patients were
excluded if they had suffered an ACL re-rupture, a contralat-
eral ACL injury or if they had not performed all 5 tests of
muscle function at the 12-month follow-up.

Physical outcomes
Muscle strength

Muscle strength was measured with a concentric isokinetic
test with the patient in a seated position at 90°/s, for knee
extension from 90° of flexion to full knee extension and for
knee flexion from full extension to 90° flexion, using a Bio-
dex System 4 (Biodex Medical System, Shirley, New York,
USA) [32]. Strength testing with Biodex has been reported
to be reliable (ICC=0.95) when measuring muscle strength
[9].

Before testing, patients started with a standardised warm-
up procedure. During testing, patients were instructed to
perform 3 maximum trials (in both extension and flexion).
Between each trial, 30 s of rest was given. The peak torque
(Nm) of the best trial for knee extension and knee flexion
was used for further analysis.

Hop performance

Three hop tests were performed after the muscle strength
tests in the following order: the single-leg vertical jump
(Muscle lab, Ergotest Technology, Oslo, Norway), the
single-leg hop for distance and the single-leg side hop.
Each hop test was performed with the patient holding his/
her hands behind his/her back. For the vertical jump and
the hop for distance, patients were instructed to perform
2-5 practice trials, followed by 3 maximum trials, where
the best attempt was recorded and analysed. For the single-
leg side hop, patients were instructed to perform as many
jumps as possible during 30 s over 2 lines, 40 centimetres
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apart. Three minutes of rest were given between legs and
only 1 attempt per leg was allowed. The battery of hop tests
has been reported to be reliable (ICC 0.95-0.97), sensitive
(91%) and accurate (88%) for measuring hop performance
in patients after an ACL reconstruction [16].

All the results from the muscle strength and hop tests are
presented in percent as the Limb Symmetry Index (LSI),
which is calculated as the ratio between the result for the
injured leg divided by the result for the non-injured leg, mul-
tiplied by 100.

Patient-reported psychological outcomes
Knee Self-Efficacy Scale

The Knee Self-Efficacy Scale (K-SES) aims to measure
knee-related self-efficacy in patients with an ACL injury.
The original scale is a 22-item score with reported good reli-
ability (ICC =0.75) and good validity [28]. Patients respond
to each item on an 11-point Likert scale from O to 10, where
0 indicates poor self-efficacy and 10 indicates strong self-
efficacy. The responses for each item are summarised and
divided by the number of items. In this study, a shorter ver-
sion (consisting of 18 items) was used. The shorter version
contains 4 items fewer than the original K-SES and some
items are somewhat rephrased. Reliability (ICC=0.92),
structure and validity for the short version are the same or
better than the version (unpublished data). The scale aims
to report present and future self-efficacy (K-SES .., and
K-SESg,ure)- Data from the K-SES were analysed for the
10-week and 4-, 8- and 12-month follow-ups.

Knee injury and Osteoarthritis Outcome Score “Quality
of Life”

The Knee injury and Osteoarthritis Outcome Score (KOOS)
has five subscales: pain, symptoms, activity of daily living,
function in sports and recreation and quality of life (QoL).
The KOOS is both reliable (ICC =0.83-0.95) and valid
for use in patients with an ACL injury. Patients answer
the questions with respect to the previous week. Standard-
ised responses are given on a 5-point Likert scale and each
answer has a value ranging from O to 4. A normalised score
from O to 100 is calculated for each subscale, where 0 indi-
cates the most severe symptoms and 100 indicates no symp-
toms. In the present study, the subscale of QoL (4 items) was
used [27]. Data on the KOOS QoL were analysed for the
10-week and 4-, 8- and 12-month follow-ups.

ACL Return to Sport after Injury scale

The ACL Return to Sport after Injury scale (ACL-RSI)
is reliable (Cronbach’s a=0.95) and valid to assess

psychological readiness to return to sport. The ACL-RSI
has a fair to good ability to predict return to sport [34, 35].
In this study, the 12-item version was used. The scale is
graded from O to 10, where 0 means an extremely negative
psychological response and 10 an extremely positive one
[33, 34]. Data from the ACL-RSI were analysed for the 8-
and 12-month follow-ups.

Single question: “have you achieved your goal
with rehabilitation?”

In this study, patients were asked to answer a single question,
“have you achieved your goal with rehabilitation?” (yes/no).
Data for the single question were analysed for the 10-week
and 4-, 8- and 12-month follow-ups.

A recent systematic review [13] identified ACL-RSI as
the psychological PRO with the highest methodological
quality, and KOOS as the most commonly used PRO for
patients with an ACL injury, and was, therefore, used in
this study. The K-SES is the only knee-specific PRO reflect-
ing self-efficacy in patients with an ACL injury and was,
therefore, used to reflect the psychological outcome of self-
efficacy of knee function in the present study.

Definition of study groups

Patients were divided into 3 groups based on the results for
muscle function recovery (LSI) at 12 months. According to
suggested consensus criteria [24] for a successful muscle
function outcome after ACL injury or reconstruction, muscle
strength measured with the LSI, in the present study, was set
to be at least 90%, whereas a value below 85% was regarded
as an unsuccessful outcome. Accordingly, the first muscle
function recovery group was defined as patients with a high
LSI (H LSI) and consisted of patients who reached sym-
metrical muscle function with an LSI of >90% in all 5 mus-
cle function tests. The second group was defined as patients
with a low LSI (L LSI) and consisted of patients who did
not recover symmetrical muscle function and had an LSI of
85% or lower in at least 1 strength test and 1 hop test. The
third group was defined as patients with LSI values between
H LSI and L LSI, referred to as mid-LSI (M LSI). Based
on demographic differences, analysis was performed first
between groups and second between groups divided by sex.

Statistical analysis

Means, medians, standard deviations (SD) and ranges were
reported for patient demographics and outcomes. Compari-
sons of the means for each of the PROs were performed
between the 3 groups using a standardised ¢ test and pre-
sented with 95% confidence intervals [4]. For comparison
of median values (Tegner Activity Scale), a Mann—Whitney
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U test was used. When comparing the proportion of patients
who reported achieving their goal with rehabilitation across
the 3 LSI groups, a Chi square test was used [4]. For the
single question about achieving the goal of rehabilitation,
comparisons were only performed for the 12-month follow-
up, as a limited number of patients achieved their goal at the
4- and 8-month follow-ups. Effect sizes (ES) (Cohen’s D)
were calculated for all comparisons. An effect size between
0.20 and 0.50 is defined as small, between 0.51 and 0.80 as
medium, and 0.81 and above as large [22].

Post hoc power analyses were performed with an online-
based clinical calculator (https://clincalc.com/stats/Power
.aspx) for all comparisons between LSI groups.

Results
Study sample

A total of 328 patients (120 men and 208 women) were
included in this study (Fig. 1). Up to June 2018, 468 patients
were evaluated for strength and hop performance in Project
ACL, of which 378 (80%) completed all the strength and
hop tests at the 12-month follow-up. There were 50 patients
(13%) who were excluded because they had sustained an
ACL re-rupture or a contralateral ACL rupture. The included
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patients were 26 (+9.9) years of age (range 15-65) on aver-
age at the time of reconstruction. The majority of patients
(83%) underwent ACL reconstruction with a hamstring graft
and the mean time between injury and reconstruction was
373 days (range 6-7483) (Table 1).

The 3 groups that were created, based on the muscle func-
tion results at 12 months after ACL reconstruction, consisted
of 96 patients in the H LSI group, 56 patients in the L LSI
group and 176 patients in the M LSI group (Table 2).

K-SES present and future

Patients in the H LSI group reported a higher K-SES ..\
compared with patients in the L LSI group at each follow-
up (10 weeks, p=0.002, ES 0.59; 4 months, p=0.027,
ES 0.44; 8 months, p <0.001, ES 0.63; and 12 months,
p=0.003, ES 0.51) (Fig. 2). In addition, patients in the
H LSI group reported a higher K-SES, .., than patients
in the M LSI group at each follow-up, except at 8 months
(10 weeks, p=0.010, ES 0.37; 4 months p=0.009, ES
0.35; 8 months p=n.s. and 12 months p=0.049, ES 0.24).
When comparing the K-SES ., between the M LSI and
L LSI groups, patients in the M LSI group reported a
higher K-SES .., at the 8-month (p=0.004, ES 0.47)
and 12-month (p =0.05, ES 0.30) follow-ups.
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Table 1 Patient demographics and comparison between sexes
All (n=328) Men (n=120) Women (n=208) p values
Mean (SD) Range Mean (SD) Range Mean (SD) Range

Age at reconstruction (years) 26 (9.9) 15-64 28.7 (9.6) 15-59 245 9.7 15-65 <0.001*
Height (cm) 173.8 (9.3) 150-209 180.7 (6.4) 163-200 169.8 (8.4) 150-209 <0.001*
Weight (kg) 71.3 (12.4) 45-111 79.9 (10.2) 55-111 66.3 (10.8) 45-107 <0.001*
BMI (kg/m?) 23.3(2.8) 18-33 24.4 (2.5) 19-33.2 22.7(2.8) 17.6-32.9  <0.001*
Pre-injury Tegner (median) 8 1-10 8 1-10 8 2-10 n.s.
Hamstring graft N (%) 273 (83.2%) 96 (80%) 177 (85.1%) n.s.
Patella graft N (%) 45 (13.7%) 20 (16.7%) 25 (12%) n.s.
Allograft N (%) 4(1.2%) 1(0.8%) 3 (1.4%)
Other graft N (%) 2 (0.6%) 0 2 (1%)
Missing graft data N (%) 4 (1.2%) 3(2.5%) 1(0.5%)
Days between injury and reconstruction 373 (832.3) 6-7483 359 (734.7) 7-5685 381.1 (885.4) 6-7483 n.s
Outcomes at 12-month follow-up

LSI quadriceps 95.8 (11.3) 54-198  96.7 (9.8) 70-123 95.2 (12.1) 54-198 n.s.

LSI hamstring 98.4 (13.4) 8-207  97.7(10.6) 74-128 98.8 (14.8) 8-207 n.s.

LSI vertical hop 90.3 (15.7) 49-149  91.6 (15.8) 49-149 89.5 (15.7) 50-149 n.s.

LSI distance hop 94.5 (9.4) 48-119  95.3 (10.6) 52-119  94.1(8.7) 48-115 n.s.

LSI side hop 95.9 (18.2) 25-171 97.7 (17.1) 47-167 94.9 (18.8) 25-171 n.s.

BMI body mass index, cm centimetres, kg kilograms, LSI Limb Symmetry Index, n number, Tegner Tegner Activity Scale, SD standard deviation

*Statistically significant difference

Table 2 Patient demographics and comparison between the Limb Symmetry Index groups

HLSI (n=96) LLSI(rn=56) MLSI(n=176) pvaluel (HvsL) p value?2

p value 3 (L vs M)

(Hvs M)
Women n (%) 55 (57%) 36 (64%) 117 (66%)
Age (years) 25.9 (10.3) 30.3 (10.3) 24.7(9.1) 0.012%* n.s. <0.001*
Height (cm) 175.2 (10.9) 173.5 (8.5) 173.1 (8.6) n.s. n.s. n.s.
Weight (kg) 73 (13.5) 72.1(11.9) 70.2 (11.9) n.s. n.s. n.s.
BMI (kg/m?) 23.6 (2.5) 23.8 (2.5) 23.1 (3) n.s. n.s. n.s.
Pre-injury Tegner (median; min-max) 8 (3-10) 8 (4-10) 8 (1-10) n.s. n.s. n.s.
Hamstring graft n (%) 79 (82%) 47 (83%) 147 (83%)
Patella graft n (%) 11 (11%) 8 (14%) 26 (14%)
Allograft n (%) 1(1%) 2 (3%) 1 (0.5%)
Other graft n (%) 1 (1%) 0 1(0.5%)
Missing graft data n (%) 3 (3%) 0 1 (0.5%)
Days between injury and reconstruction 572.9 (1302.7) 206 (322) 317.1 (553.7) 0.010% n.s. n.s.

BMI body mass index, cm centimetres, H LSI group with high LSI, kg kilograms, M LSI group with LSI in between, L LSI group with low LSI,
LSI Limb Symmetry Index, n number, Tegner Tegner Activity Scale, SD standard deviation

*Statistically significant difference

For the K-SESy,,.., there were no statistically signif-
icant differences between the LSI groups at any of the

follow-ups (Fig. 3).

KOOS QoL

Patients in the H LSI group reported a higher KOOS
QoL compared with patients in the L LSI group 10 weeks
(»p=0.012, ES 0.47), 8 months (p=0.001, ES 0.56) and
12 months (p=0.007, ES 0.46) after ACL reconstruction.
When compared with the M LSI group, patients in the H

&
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Fig.2 The Knee Self-Efficacy Scale (K-SES) subscale present pre-
sented over time. a (All subjects), b (men) and ¢ (women). a The
results for the K-SES ., for all subjects, divided into H LSI (blue),

LSI group reported a higher KOOS QoL (41.3 versus 36.4
points, p=0.036, ES 0.31) at the 10-week follow-up after
ACL reconstruction. At 8 months, patients in the M LSI
group reported 56.2 points versus 48.7 points in the L LSI
group (p=0.006, ES 0.43) (Fig. 4).

ACL-RSI

For the ACL-RSI, there were no differences between the LSI
groups at any of the follow-ups, although the psychologi-
cal readiness to return to sport changed for all the groups
between 8 and 12 months (Fig. 5).

Achieving the individual goal of rehabilitation

When asked whether patients had achieved their goal
with rehabilitation, 2% of the patients answered “Yes” at
8 months and 17% at 12 months after ACL reconstruction
(Table 3).
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L LSI (red) and M LSI (green). b, ¢ The results for men and women,
respectively, divided into the three LSI groups

The proportions of patients who had achieved their goal
at 12 months were 24% in the H LSI group, 5% in the L LSI
group (p =0.003 when compared with the H LSI group) and
13% in the M LSI group (p =0.014 when compared with the
H LSI group) (Fig. 6).

The significant differences in the results from the com-
parisons made in this study, and the effect sizes (ES) for the
significant differences are summarised in Table 4.

Discussion

The main finding in this study was that patients who had
recovered their muscle function in a battery of 5 muscle
function tests 12 months after ACL reconstruction reported
superior present self-efficacy and quality of life throughout
the first post-operative year, compared with patients who
had not recovered their muscle function. However, fewer
than 1 in 5 patients reported having achieved their goal with
rehabilitation 12 months after ACL reconstruction. When
the patients were divided into groups based on their LSI
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Fig.3 The Knee Self-Efficacy Scale (K-SES) subscale future pre-
sented over time. a (All subjects), b (men) and ¢ (women). a The
results for the K-SESy,,.. for all subjects, divided into LSI (blue), L

from the tests of muscle function, 24% of the patients in
the High LSI group (H LSI,>90% in LSI in the 5 tests)
reported that they had achieved their goal, compared with
only 5% in the Low LSI group (L LSI, <85% in LSI in at
least 1 strength and 1 hop test). This study gives clinicians
an insight into how the psychological outcomes may vary
during rehabilitation after ACL reconstruction. In particu-
lar, the outcomes for K-SES ., and KOOS QoL appear to
be useful to follow patients’ psychological progress during
rehabilitation, as both outcomes were able to identify differ-
ences at 12 months between patients who recovered muscle
function and patients who did not.

The fact that fewer than 1 in 5 patients achieve their goal
1 year after ACL reconstruction indicates that 1 year should
not be seen as a time-based cutoff for resuming pre-injury
activity and that rehabilitation can take longer. From the
results in the present study, it cannot be determined how
recovery of muscle strength is associated with psychological
outcomes. However, in the model described by Wiese Bjorn-
stahl [38], the recovery process is dynamic, and the predomi-
nant direction of recovery is that cognitive appraisal affects

LSI (red) and M LSI (green). b, ¢ The results for men and women,
respectively, divided into the three LSI groups

emotions, which in turn affect behaviours [38]. According
to this model, a patient with a stronger psychological profile
after ACL reconstruction can behave in a way that leads to
accomplish rehabilitation goals, e.g. attend every visit and
put maximal effort into training, to a greater extent com-
pared with a patient with a weaker psychological profile.
Therefore, low psychological outcomes early after ACL
reconstruction can help to identify the patients who will
struggle to recover muscle function 1 year after ACL recon-
struction. Regular assessments of psychological outcomes
during rehabilitation can aid physiotherapists in directing
extra resources (e.g. additional and longer sessions) to
patients at risk of not recovering muscle strength.

The LSI is one of the most commonly used methods to
report the results from tests of muscle function. However,
the LSI has recently been criticised, as it tends to overesti-
mate the patient’s function [37]. Greater symmetry between
limbs in a battery of tests has, however, been reported to
reduce the risk of ACL re-rupture [15]. An LSI level of
>90% is suggested as symmetrical and sufficient when it
is realised across different muscle function tests. Recently,
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Fig.4 The Knee injury and Osteoarthritis Outcome Score (KOOS)
subscale Quality of Life (QoL) presented over time. a (All subjects),
b (men) and ¢ (women). a The results for the KOOS QoL for all sub-

a battery consisting of 7 isokinetic strength and hop tests
(Back In Action-BIA) was evaluated and 1 in 40 (2.5%)
patients managed to recover symmetry through all tests [8].
This suggests that even 5 tests, as used in the present study,
might underestimate the patient’s muscle function.

In the present study, the K-SES, ., resulted in several
statistical differences. However, there is uncertainty regard-
ing knee self-efficacy and what difference is a minimal
clinically relevant difference for patients after ACL recon-
struction. A more than one unit difference is suggested as
a relevant difference in the K-SES outcome [29]. In the
present study, the K-SES .., was compared between
the 3 LSI groups at all follow-ups for a total of 36 com-
parisons, of which almost half were significant (p < 0.05).
However, in only 2 comparisons (H LSI versus L LSI at
10 weeks and 8 months) was the difference greater than
one unit. The results must, therefore, be interpreted with
caution. The K-SES appears to potentially have prognostic
value, as patients with higher levels of self-efficacy have
been reported to have superior outcomes in terms of return
to sport or level of physical activity, less impairment and
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The results for men and women, respectively, divided into the three
LSI groups

greater satisfaction during ACL rehabilitation [1, 5, 17,
30]. On the other hand, the K-SES;,,,.. subscale provided
little clinical value in the present study, as no difference was
found when analysing future knee self-efficacy. Moreover,
no clear progression over time, or relationship with muscle
function was observed for the K-SES; ;.. It could, however,
be argued that a stable belief in one’s future knee-related
self-efficacy could be positive. As the K-SES;, ;. results do
not change over time, it could indicate that, despite better or
worse present muscle function, patients believe they will be
able to trust their knee in the future.

Lower levels of KOOS QoL have been associated with
several negative outcomes after ACL reconstruction, such as
not returning to the same level of knee-related activity [17],
greater fear of re-injury [21] and ACL revision [14]. Inter-
ventions that improve knee-related quality of life in these
patients should be addressed during rehabilitation. Unfor-
tunately, it is not known how best to address knee-related
quality of life during rehabilitation. A recent systematic
review reported inconsistent findings when psychological
interventions (relaxation and guided imagery) were added to
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Fig.5 The ACL Return to Sport after Injury Scale (ACL-RSI) pre-
sented over time. a (All subjects), b (men) and ¢ (women). a The
results for the ACL-RSI for all subjects, divided into H LSI (blue),

Table 3 The proportion of

Yes/no n (%
patients having reported %)

to achieve their goal of 10 weeks 1/227 (0.004)

rehabilitation during 12 months

after ACL reconstruction 4 months 17261 (0.003)
8 months 7291 (2.4)
12 months 50/295 (17)
n number

the rehabilitation to improve KOOS QoL and reduce fear of
re-injury and anxiety after an ACL reconstruction [7]. The
results were, however, only based on 4 studies. Despite the
inconsistent findings for relaxation and guided imagery [7],
other psychological intervention methods have been associ-
ated with improving health-related problems. Mindfulness
and cognitive-behavioural therapy (CBT) have been shown
to improve physical functioning, chronic pain, depression,
anxiety, low self-esteem [19, 20, 39]. However, there appears
to be a need for a tool which aims to improve quality of

L LSI (red) and M LSI (green). b, ¢ The results for men and women,
respectively, divided into the three LSI groups.

life, as it is still unclear whether targeting muscle function
may help to increase patients’ perception of quality of life.
Despite a promising relationship between muscle function
and patient-reported quality of life, the results in this study
do not provide an answer to the relationship between muscle
function and quality of life.

Muller et al. [26] suggested a threshold of 62.5 points on
the KOOS QoL as the cutoff between an acceptable state of
“feeling well” and not “feeling well” in patients 1-6 years
after ACL reconstruction. According to this patient-accept-
able cutoff, patients in the H LSI and M LSI groups reached
an acceptable state at 12 months on average, while patients
in the L LSI group did not. This raises the question of
whether patients who fail at least 1 strength and 1 hop test
can reach a patient-acceptable QoL before improving their
muscle function, or whether these patients will benefit from
merely being given more time for rehabilitation. However, it
is possible that the progression in KOOS QoL outcome for
patients struggling to recover muscle function may reach a
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Fig.6 Reponses to the single question “Have you achieved your goal
with your rehabilitation?” presented over time. a The proportion of
patients answering “yes”, for H LSI (blue), L LSI (red) and M LSI

plateau, which is supported by findings reported by Filbay
et al. [11], who described a 20-year follow-up of QoL after
ACL reconstruction, where low QoL was found 5-25 years
after reconstruction in ACL-injured patients compared with
normative data.

The ACL-RSI has been developed during the past decade
[33, 34]. In the present study, there was no significant differ-
ence in ACL-RSI between patients who recovered their mus-
cle function symmetry 12 months after ACL reconstruction
and patients who did not. The present study design is unable
to determine the factors that influence this relationship. The
majority of patients were probably determined to return to
sport after their ACL reconstruction, but only 17% of the
patients stated that they had achieved their goal. Hypotheti-
cally, if the majority of patients had a return to sport as a
rehabilitation goal, this finding may explain the small differ-
ences in the ACL-RSI, which aims to measure psychological
readiness to return to sport.

Statistical analysis generated 8 comparisons per group
and PRO (24 when stratified by sex). A major limitation
in this study is the risk of type 1 error, due to the many

@ Springer

(green). b, ¢ The proportion of men and women, respectively, achiev-
ing their goals with rehabilitation

comparisons. Only one of the differences in this study
(KOOS QoL for men, H LSI versus L LSTI at 10 weeks) had
a large effect size (0.83). All the other effect sizes varied
between 0.24 and 0.77, entailing that the results should be
interpreted with caution.

Another limitation of this study was that each follow-
up consisted of a cross-sectional cohort of patients. How-
ever, the proportion of patients in each group who had
responded at each follow-up (Online Appendix Table 3)
was never below 51% and most commonly above 80%.
Another limitation was that comparisons of groups strati-
fied by sex might have led to few patients in certain groups
and underpowered results. However, before stratifying
by sex, the groups consisted of 96, 56 and 176 patients,
respectively, which led to comparisons reaching statistical
power (above 80%).
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Table 4 Summary of results for All Men Women
group comparisons
HLSI HLSI MLSI HLSI HLSI MLSI HLSI HLSI MLSI
L LSI MLSI LSIL L LSI MLSI LLSI L LSI MLSI LLSI
K-SES present
10 weeks 0 (.59 037 0 (0.64 @040
4 months 0044 @035 ® 0.40
8 months ® (.63 ® 0.47 ® 0.65 ® 0.65 ® 0.49
12months 051 €024 0.30 ® (.52
K-SES future
10 weeks
4 months
8 months
12 months
KOOS Qol
10 weeks 0047 o031 ® (.83
4 months
8 months ® (.56 ® 043 ® 0.77 e 0.45 e 0.41
12 months e 0.46
ACL RSI
8 months
12 months
Have you achieved your goal?
10 weeks
4 months
8 months
12 months e . ° .

Each dot indicates a significant difference (p<0.05). For each significant difference, the effect size is

reported

ACL RSI=Anterior Cruciate Ligament Return to Sport

after Injury Scale; K-SES=Knee Self-Effi-

cacy Score; LSI=1limb symmetry index; H LSI=group with high LSI; L LSI=group with low LSI; M
LSI=group with LSI in between; QoL = Quality of Life (KOOS subscale)

Conclusion

Patients who recovered strength and hop symmetry
12 months after ACL reconstruction had superior present
knee-related self-efficacy and higher quality of life during
the whole first year after reconstruction. These results can
aid clinicians in the decision-making process by providing
knowledge of patients who might need further attention
during rehabilitation.
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