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ABSTRACT

FI9TETE The primary purpose of physiotherapy in patients with Anterior Cruciate Ligament (ACL) re-
construction is to reduce pain, improve Range of Motion (ROM), muscle strength, and balance after
surgery. Thus, therapists need outcome measurement tools with acceptable validity, reproducibility, and
responsiveness to assess these changes after the intervention. This study investigates the responsive-
ness of the tools used to measure pain, ROM, knee muscle strength, and dynamic balance. We also want
to determine minimal clinically significant change for these outcomes in patients with ACL reconstruc-
tion after physiotherapy.

The study participants were 54 young patients with ACL reconstruction evaluated
using impairment-based outcome measures of visual analog scale, goniometer, hand-held dynamom-
eter, and Star Excursion Balance Test (SEBT) at baseline (2 weeks after ACL reconstruction ) and 4 weeks
after physiotherapy. At the second phase of evaluation, the participants also completed the 7-point
global change rating scale. For assessing the responsiveness of the tools, we used the Receiver Operat-
ing Characteristics (ROC) curve and correlation analysis

[T Analyzing the ROC curve showed that the knee extension ROM, quadriceps and hamstring
strength, and medial and posteromedial directions under SEBT had acceptable responsiveness (>0.70).
The Spearman correlation coefficient between the scores obtained for these outcomes and the score of
7-point global change rating scale were significant in the range of 0.36-0.51. For all the study outcome
measurement tools, minimal significant clinical changes were reported.

[T The results of this study support the responsiveness of goniometer for knee extension ROM,
hand-held dynamometer for quadriceps and hamstring strength, and SEBT for dynamic balance at medial
and posteromedial directions in the assessment of clinical changes in patients with ACL reconstruction. The

Muscle strength, reported minimal significant clinical changes for each tool can help the clinicians and researchers to decide
Balance on determining the actual significant change in the ACL patient’s clinical conditions after physiotherapy.
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Extended Abstract

Introduction

nterior Cruciate Ligament (ACL) rup-
ture is one of the most common knee joint
injuries, especially in active and young
people. It accounts for about 50% of knee
injuries. This ligament is usually damaged
during recreational or competitive sports activities [1]. ACL
reconstruction surgery is usually recommended following
an ACL rupture to restore the knee mechanical stability and
achieve normal knee function [1, 2]. Studies have shown that
many people still do not resume normal knee function after
ACL reconstruction and report disorders such as knee insta-
bility, pain, decreased Range of Motion (ROM), defects in
quadriceps and hamstrings, and neuromuscular dysfunction,
which can lead to very different consequences among these
people [3, 4]. Therefore, rehabilitation interventions are es-
sential for patients with ACL reconstruction to reduce pain,
improve ROM, muscle strength, dynamic and functional
stability of the reconstructed knee, balance, and finally help
return the patient to functional activities [5]. According to
systematic review studies, the most common disorder-based
outcome measures used to evaluate the effect of treatment and
determine the success of treatment in randomized clinical tri-
als on patients with ACL reconstruction are knee pain, ROM,
hamstring, and quadriceps muscle strength, and dynamic
balance using Star Excursion Balance Test (SEBT) [6-8].

In this regard, therapists need repetitive, valid, and respon-
sive tests (sensitive to change) to detect significant changes
during the treatment process [9, 10]. Responsiveness is an
essential feature of a measurement tool and can detect the
least clinically significant change in a patient’s health status
over time. Responsiveness includes internal and external
types [11, 12]. Internal responsiveness refers to the ability
of a tool to detect changes over time, regardless of whether
these changes are clinically significant or not [13, 14]. Ex-
ternal responsiveness indicates how much of a change in the
instrument has occurred in a given period in accordance with
the change in the reference instrument. The reference mea-
surement is based on the retrospective 7-point Likert scale
[15]. Although clinical trial studies have repeatedly used
pain, ROM, quadriceps, and hamstring muscle strength, and
dynamic balance control to assess patients’ recovery from
ACL reconstruction and the effect of treatment, no study has
yet examined the responsiveness of these measures. There-
fore, this study aims to investigate the responsiveness of
tools measuring pain, ROM, quadriceps and hamstring mus-
cle strength, and dynamic balance control in patients with
ACL reconstruction following a rehabilitation treatment.
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Materials and Methods

This research is a prospective cohort study. The study par-
ticipants were 54 patients with an ACL injury who had un-
dergone reconstructive surgery. The inclusion criteria were
being 18-45 years old and passing 2 weeks from the ACL
reconstruction surgery. The exclusion criteria were having a
history of diabetes, neurological disorder, inflammatory ar-
thritis, malignancy, musculoskeletal pain, musculoskeletal
injury other than ACL rupture, and bilateral ACL rupture.

Study measures

The Visual Analog Scale (VAS) was used to assess pain
outcomes. It consists of a 10-cm horizontal line, with the
left-hand side labeled “no pain” and the right-hand side la-
beled “most intense pain imaginable”. The VAS score was
determined by measuring in centimeters from the left-hand
side to the point that the patient marks [16].

A goniometer was used to measure the passive ROM of
the knee in the supine position during flexion and exten-
sion. Thus, the amplitude of knee flexion and extension was
recorded [16].

To evaluate the isometric strength of quadriceps and ham-
strings, a manual tension/compression dynamometer (Danesh
Salar Iranian Company, Iran) was used. The dynamometer
was placed just above the malleolus in the anterior and pos-
terior parts of the leg, and the person was asked to press the
involved leg against the strap as much as possible. The pri-
mary test was performed by taking maximum contraction of
quadriceps and hamstring muscles with 3 repetitions during
maximum effort from each person. There was a 30-second
rest interval. The strength values obtained from the three max-
imum contractions of each muscle group were averaged [17].

To evaluate the dynamic balance using the SEBT, a circle
was assumed on the ground, and 8 lines were drawn at a
45-degree angle (like a star). The patient was asked to stand
on the affected leg in the center of the circle and move the
other leg as far as possible on the lines (in the selected di-
rection), touch the ground with the toe at maximum reach
without maintaining weight, and then return to the starting
position (standing on two legs). The distance between the
center of the star and the point of contact of the contralateral
leg was considered the reach distance, an indicator of dy-
namic balance. This test was repeated three times, and their
average was calculated and determined as the final score.
The errors that cause exclusion from the test were displace-
ment of the leg placed in the star center, loss of balance dur-
ing the test, and putting weight on the reaching leg when the
toe was in contact with the ground [18]. In previous studies,
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the reproducibility and high validity of these scales have
been reported to evaluate the outcomes in patients with
ACL reconstruction [19-23].

All participants were evaluated in the first stage of evalua-
tion (2 weeks after ACL reconstruction surgery) and again in
the second stage of evaluation (after 4 weeks of physiother-
apy) using the mentioned instruments. In the last treatment
session, the patients were asked to report changes in their
health status from the beginning to the last session of treat-
ment on a 7-point retrospective Likert scale [15, 24]. This
scale was divided into two general subscales of improved
(score 5-7) and not-improved (score 1-4) to create a two-
part outcome variable [15]. Since the purpose of responsive-
ness studies is to evaluate the instrument’s specificity rather
than to evaluate the effectiveness of the intervention, the
control of physiotherapy intervention was not necessary for
the present study [24]. However, all patients received simi-
lar rehabilitation interventions after the surgery.

Data analysis

The obtained data were analyzed in SPSS v. 21 software.
First, we used the Kolmogorov-Smirnov test to investigate
the normal distribution of variables. The paired t-test was
used to examine the relationship between pre- and post-
treatment scores. The Receiver Operating Characteristics
(ROC) curve (with 95% confidence interval) was used to
evaluate the responsiveness [25]. To do this, after two stages
of evaluation, a change score (difference between the scores
of two evaluation stages) was first obtained using the instru-
ments for each patient. One by one, the change scores were
determined as the cut-off point and compared with the score
obtained from the 7-point Likert scale as a standard external
criterion. Thus, sensitivity and specificity were calculated at
each stage [10, 26, 27]. Then, the ROC curve was plotted,
with the vertical axis corresponding to the sensitivity and the
horizontal axis corresponding to the specificity [26]. In the
ROC curve analysis, a point with the highest sensitivity and
specificity was selected on the left and top of the curve, rep-
resenting the minimum clinical change score of the outcome
[14]. Besides, the correlation between the change score ob-
tained from each instrument (as a quantitative variable) and
the score obtained from the 7-point Likert scale (as a quali-
tative variable) were examined. The Spearman correlation
coefficient in the range of 0.250-0.50 indicates a weak corre-
lation, 0.50-0.70 moderate correlation, and >0.70 indicates
a strong correlation [10]. Similarly, the area below the ROC
curve in the range of 0.25-0.50 indicates poor responsive-
ness, 0.50-0.70 shows moderate responsiveness, and >0.70
indicates good responsiveness [26].
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Results

The demographic and clinical characteristics of partici-
pates are presented in Table 1, and the results of the paired
t-test are presented in Table 2. As seen, 34 patients (63%)
were classified as an improved group, and 20 patients
(37%) as a not-improved group. The results obtained from
the area below the ROC curve showed that the knee ex-
tension ROM, quadriceps and hamstring strength, and dy-
namic balance at medial and posteromedial directions had
a good response (<0.70). The Spearman correlation coef-
ficient for these four outcomes between the change score
and the score of 7-point global change rating Likert scale
ranged from 0.36 to 0.51. Significant clinical changes were
reported for all study tools (Table 3).

Discussion and Conclusion

One of the most critical problems and complications after
ACL reconstruction is the loss of knee extension end ROM
(5-10 degrees) [28]. This ROM loss can lead to significant
pain and functional impairment, especially during walking
and running in young and active patients, because the loss of
more than 10 degrees prevents normal gait and leads to in-
creased loads on the patellofemoral joint and, as a result, an-
terior knee pain [28]. Loss of knee flexion end ROM is usu-
ally not as debilitating as loss of knee extension end ROM
[28]. Therefore, changes in ROM in the direction of exten-
sion rather than in the direction of flexion are more consistent
with changes perceived by the young patients, and this fac-
tor can be a reason for greater responsiveness of goniometer
for assessing knee extension ROM. Another major problem
after ACL reconstruction is the weakness of the quadriceps
and hamstring muscles [29]. Several studies have shown a
greater reduction in the quadriceps strength than in ham-
string strength in these patients [29]. It has also been shown
that the correlation between reduced quadriceps strength and
knee function is higher than the correlation between reduced
hamstring strength and knee function [30]. The results of our
study also showed that the hand-held dynamometer’s ability
to respond to the knee extension $trength (quadriceps muscle
strength) was greater than the ability to respond to the knee
flexion strength (hamstring muscle strength). However, it
was reasonably responsive to both knee extension and flex-
ion and can monitor the actual recovery of young and active
ACL patients in clinical and research settings.

The results of the ROC curve and correlation analysis
showed that VAS was not so much responsive to diagnose
the ACL patient’s real and significant recovery. In a sys-
tematic review and meta-analysis by Collins et al. on the
measurement characteristics of the knee injury and osteo-
arthritis outcome score instrument in young patients with
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Table 1. Demographic and clinical characteristics of the participates (n=54)

Variables MeanzSD/No. (%)

Age (y) 26.3745.12
Height (cm) 175.14+8.42
Weight (kg) 73.64+5.79

Male 54(100)

Demographic Gender
Information Female o)
9-12 17(31.5)
Years of education
>12 37(68.5)
Single 41(75.9)
Marital status
Married 13(24.1)
Right leg 46(85.1)
Dominant leg
Left leg 8(14.9)
Right leg 31(57.4)
Clinical
Left leg 23(42.6)
Affected leg
Duration after surgery (wk) 6
Duration of physiotherapy intervention (wk) 4

an ACL injury or knee osteoarthritis, it was shown that the
pain subscale of the instrument had poor content validity
and therefore had no good capacity to show improvement
[31]. Consistent with this study, VAS in our study had the
poor potential to show the changes in patients’ real recovery
after treatment, maybe, due to the participation of young
and active patients. Another possible reason can be that the
assessments were performed after the initial acute phase
and in the intermediate phase of rehabilitation (2-6 weeks
after surgery). During this period, patients typically have
minimal pain and symptoms, and exercise during this pe-
riod tends to be more difficult; hence, no significant change
in pain is expected for ACL patients.

SEBT in medial and posteromedial directions showed
acceptable responsiveness. The greater responsiveness in
these two directions compared to other directions can be
because these two directions exert more rotational force on
the reconstructed knee during the test [32]. Thus, these two
directions can more accurately identify important clinically
significant changes in the dynamic balance of ACL pa-
tients. This result is somehow consistent with the findings
of Herrington et al., who showed that the medial and pos-
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teromedial directions were more capable of differentiating
between patients with ACL injury and controls [32]. The
optimal cut-off point obtained from the ROC curve, which
is considered as the least clinically significant change in the
patient’s health status, can provide researchers and thera-
pists with practical and valuable information to make deci-
sions about the actual change in ACL patient’s health status.

The present study results provide evidence for the respon-
siveness of goniometer for knee extension ROM, hand-held
dynamometer for quadriceps and hamstring strength, and
SEBT for dynamic balance at medial and posteromedial
directions in the assessment of clinical changes in patients
with ACL reconstruction. The minimum clinically signifi-
cant change score obtained for each tool in this study can
help therapists and researchers to decide on determining the
actual significant change in the ACL patient’s clinical con-
ditions after physiotherapy.
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Table 2. Mean scores of pre-treatment, post-treatment, and change for the study variables

July 2021. Vol 22. Num 2

MeantSD
Variables 2
Pre-Treatment Score Post-Treatment Score Change
Total (n=54) 2.83+1.71 1.87+1.81 0.96+1.80 <0.001
Pain Improved (n=34) 2.65%+1.45 1.53+1.41 1.11+1.83 0.001
Not improved (n=20) 3.15£2.08 2.45%2.25 0.701.75 0.09
Total (n=54) 117.86+11.34 125.29+10.74 8.40+7.75  <0.001
Knee flexion ROM Improved (n=34) 119.44+10.28 127.88+8.64 8.37£7.47  <0.001
Not improved (n=20) 115.16+12.78 120.90+12.64 8.4618.28 0.02
Total (n=54) 2.95+2.33 1.01+£1.56 1.88+1.98  <0.001
Knee extension ROM Improved (n=34) 3.65+1.85 0.72+1.19 2.80+1.53  <0.001
Not improved (n=20) 1.78+2.63 1.50£1.99 0.30%1.66 0.47
Total (n=54) 21.15+12.68 25.73+12.02 3.45+6.93 0.004
Quadriceps strength Improved (n=34) 21.91+12.89 26.61+11.91 5.31+14.00  0.006
Not improved (n=20) 19.86+12.54 24.22+12.37 0.29+9.47 0.16
Total (n=54) 10.92+6.89 15.87+8.19 5.44+10.95 <0.001
Hamstring strength Improved (n=34) 10.92+7.31 15.76+8.52 8.81+7.18  <0.001
Not improved (n=20) 10.92+6.30 16.06+7.82 0.28+13.79 0.01
Total (n=54) 82.17+6.33 88.19+7.22 6.01+530  <0.001
Balance at anterior direction Improved (n=34) 81.9616.82 87.8318.06 5.8745.76  <0.001
Not improved (n=20) 82.55%5.55 88.7915.64 6.25+4.54  <0.001
Total (n=54) 59.70+11.31 68.18+11.15 8.47+6.41  <0.001
Balance at lateral direction Improved (n=34) 58.82+11.87 67.69+11.62 8.87¢4.54  <0.001
Not improved (n=20) 61.20+10.41 69.01+10.55 7.80+8.84 0.001
Total (n=54) 71.06%9.75 78.41+7.91 7.35+8.85  <0.001
Balance at medial direction Improved (n=34) 69.93+10.46 78.83+8.98 8.89+8.35  <0.001
Not improved (n=20) 72.9748.33 77.69%5.80 4.71+9.26 0.03
Total (n=54) 69.7519.12 76.2919.52 6.54+7.43  <0.001
Balance at posteromedial direction Improved (n=34) 67.7419.04 76.39+£10.04 8.65+6.26  <0.001
Not improved (n=20) 73.17+8.40 76.1418.81 2.9618.04 0.111

ROM:Range of Motion.
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Table 3. The Spearman correlation coefficient and area under the Receiver Operating Characteristics (ROC) curve for the study

variables
. The Spearman Correlation  Area Under the Curve . e o o 5
Variables Coefficient (P-Value) (95% Cl) Cut-Point  Sensitivity (95% Cl)  Specificity (95% Cl)
0.16 0.61 0.52 0.85
Pain 1.50
0.22 (0.45-0.76) (0.35-0.69) (0.61-0.96)
0.07 0.54 0.47 0.70
Knee flexion ROM 8.83
0.57 (0.38-0.70) (0.30-0.64) (0.45-0.87)
0.51 0.85 0.82 0.85
Knee extension ROM 1.50
<0.001 (0.73-0.97) (0.64-0.92) (0.61-0.96)
0.41 0.73 0.85 0.65
Quadriceps strength 1.52
<0.001 (0.58-0.89) (0.68-0.94) (0.40-0.83)
0.36 0.70 0.82 0.60
Hamstring strength 1.77
0.002 (0.54-0.86) (0.64-0.92) (0.36-0.80)
Reach at anterior -0.01 0.45 1091 0.26 0.90
direction (cm) 0.90 (0.29-0.60) (0.13-0.44) (0.66-0.98)
Balance at lateral 0.12 056 10.50 041 085
direction (cm) 033 (0.40-0.72) (0.25-0.59) (0.61-0.96)
Balance at medial 0.38 0.71 508 0.73 0.70
direetion {cm) 0.001 (0.56-0.86) (0.55-0.86) (0.45-0.87)
Balance at posterome- 0.43 074 425 073 0:65
dial direction (cm) <0.001 (0.59-0.88) (0.55-0.86) (0.40-0.83)
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9. Receiver Operating Characteristics
10. True positive

11. False negative

12. False positive

13. True negative

14. Sensitivity
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