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ABSTRACT

[T9TETE After anterior cruciate ligament (ACL) rupture, copers have better neuromuscular control and
kinesiophobia than non-copers. Using a knee brace can improve mechanical stability and proprioception
after an injury. This study aims to determine the effect of using a hybrid knee brace in acute ACL rupture
on coping ability, kinesiophobia, and proprioception.

In this randomized clinical trial study, 30 people with acute ACL rupture were
allocated into the experimental (MeanzSD age: 29.617.7 years, MeanSD time since injury: 37.7+20.7
days) and control groups (MeanzSD age: 27.8+7.0 years, MeantSD time since injury: 48.0+21.3 days).
The sampling method was nonprobability, convenient sampling, and was randomly assigned to the
control and intervention groups using permutation blocks (four blocks of four). The experimental
group used the hybrid knee brace for 4 weeks during daily activities, 4 hours a day, along with routine
physiotherapy. The physiotherapy program included increasing the knee’s range of motion, reducing
edema, and strengthening exercises for the quadriceps and hamstring muscles, which were performed
by an experienced therapist for both groups in 10 sessions. After one month, the coping ability was
measured by screening examination; kinesiophobia was measured by the Tampa scale (TSK-11), and
proprioception was assessed by joint position sense measurement by a dynamometer. Mixed within-
between analysis of variance was used to evaluate the variables. The statistical analysis was performed
using SPSS software, version 22 with a significant level of 0.05.

[{THITE Based on the screening examination, 7 people in the experimental group (53.8%) and 3 in the
control group (23.1%) were copers after the intervention. However, the difference between the two groups
was not significant. Regarding joint position sense, the experimental group had less deviation from the
target angle (3.2211.55 degrees) than the control group (6.32+1.70 degrees) (P<0.001). The score of the
Tampa questionnaire improved in both groups (P<0.001) without any significant difference between them.
[T Using a hybrid knee brace after an acute ACL injury can increase proprioception and coping

¢ ability in the patients and may reduce the need for ligament reconstruction surgery.
2005 [EWEEE ACL Injury, Fear of movement, Orthosis, Knee, Position sense, Coping skill
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Introduction

he anterior cruciate ligament rupture

(ACL) is a common knee joint injury. This

injury results in anterior laxity of the tibio-

femoral joint, leading to repeated knee in-

stability and early-onset osteoarthritis [1].
After an injury, some people can return to the activity
level before the injury, which is called copers. However,
some are unable to resume previous activities due to
recurrent knee giving way and kinesiophobia. They are
classified as non-copers and are potential candidates for
ligament reconstruction surgery [2]. To assess an indi-
vidual’s capacity for adaptation to the injury, Fitzgerald
et al. developed a screening test based on the dynamic
stability of the knee joint during various activities [3].
Those achieving a satisfactory score on this test are cat-
egorized as copers to the injury, while those failing to
do so are placed in the non-coper group [3]. The criteria
for satisfactory performance include achieving at least
80% of the score on the 6-m jump test [4], scoring at
least 80% on the KOS-ADL (knee outcome survey’s ac-
tivities of daily living scale) questionnaire, attaining a
minimum of 60 points on the Global rating of knee func-
tion [5], and experiencing a maximum of one episode of
knee giving-way since the time of injury [6].

One of the factors influencing the ability to adapt to
injury in these individuals is neuromuscular coordina-
tion [7], which is disrupted by the loss of afferent feed-
back from the ACL [8]. The absence of feedback also
leads to a reduction in knee proprioception [9], which is
a primary contributor to knee instability in injury non-
adaptive patients [10]. To improve the neuromuscular
system, perturbation training is typically performed on
balance boards once acute symptoms subside, involving
anterior-posterior and internal-external perturbations as
well as multi-directional perturbations [11]. However,
such interventions are not conducted due to the instabil-
ity experienced during the acute injury phase [12]. Since
skin receptors around the knee transmit vital informa-
tion regarding joint position and movements, stimulat-
ing these receptors can partially compensate for the pro-
prioceptive deficit resulting from ligament rupture [13].

To enhance neuromuscular function and dynamic sta-
bility, stimulating joint capsule receptors and muscles
surrounding the knee can also be beneficial [14, 15].
Studies indicate that knee braces have effects such as
increasing knee proprioception through skin contact
[16] and applying pressure on underlying muscles and
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the joint capsule [17, 18], consequently altering the tim-
ing and movement patterns of lower limb muscles [19].
Strutzenberger and Delincé et al. reported that using
flexible structures like elastic sleeves in individuals with
complete ACL ruptures leads to improved propriocep-
tion [20, 21] and increased brain activity in the primary
sensorimotor cortex, responsible for processing sensory
input, thus enhancing the proprioception. Therefore,
knee braces and elastic sleeves can enhance knee pro-
prioception and neuromuscular function in individuals
with complete ACL rupture [22].

Another factor influencing the ability to adapt to injury
following an ACL rupture is kinesiophobia. Individuals
who successfully adapt to the injury typically exhibit lower
levels of kinesiophobia [23]. While psychological factors
also play a role in the development of kinesiophobia [24],
increasing the mechanical stability of the knee can help
mitigate it [22, 23]. Brisson et al. demonstrated that knee
braces could enhance knee stability post-ACL rupture [25].
Similarly, Harput et al.’s study indicates that employing a
knee brace after ligament reconstruction surgery reduced
kinesiophobia [22]. Based on the existing literature, no
study has investigated the effect of brace usage during the
acute phase following an ACL rupture on enhancing cop-
ing rates. Therefore, this study aims to explore the impact
of employing a hybrid knee brace (Figure 1), comprising
a custom-made functional brace and an elastic sleeve, on
kinesiophobia, proprioception, and its overall effect on the
ability to adapt to the injury during the acute stage follow-
ing an ACL rupture.

Materials and Methods

The present study is a single-blind randomized clini-
cal trial conducted on 30 individuals with acute ACL
rupture. The samples were selected based on availability
and randomly assigned using permutation blocks (four
blocks of four) into control and experimental groups
[26]. Participants remained unaware of the process and
the existence of the other group. The sample size was
determined using G*Power software version 3.1.9.2,
with a confidence level of 95%, a power of 80%, and
an effect size of 0.8, which was derived from a simi-
lar study [27]. This calculation yielded 13 individuals
in each group. However, to account for a potential 15%
drop in the sample, the number increased to 15 individu-
als in each group. Ethical approval for this study was
obtained from the Iran University of Medical Sciences
Ethics Committee and registered in the Iranian Regis-
try of Clinical Trial (IRCT). All participants provided
informed consent by signing the consent form before
participating in the study.
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A specialized knee surgeon selected samples from the
knee orthopedic clinic at Shafa Yahyaeian Orthopedics
Hospital, Tehran City, Iran. Subsequently, they were
randomly assigned into two groups: control (without
orthosis) and experimental (with orthosis). Both groups
followed an identical physiotherapy program, consist-
ing of 10 sessions to increase knee range of motion, re-
duce swelling, and perform strengthening exercises for
the quadriceps and hamstring muscles. These sessions
were conducted uniformly by an experienced therapist
for both groups. At the initial physiotherapy sessions, in-
dividuals experiencing swelling were treated with com-
pression bandaging to reduce swelling.

If necessary, devices like transcutaneous electrical
nerve stimulation and pulsed ultrasound were utilized.
Since quadriceps muscles undergo inhibition after ACL
rupture, early strengthening of these muscles is crucial.
However, hamstring muscles should also be strength-
ened as these muscles act as antagonists to the ACL.
Quadriceps muscle strengthening was conducted using
devices such as a Faradic or functional electrical stimu-
lation device and Q-set exercises. The exercises provid-
ed to patients at this stage consisted of closed and open
kinetic chain exercises [28, 29]. During the first two
weeks, exercises within the range of 30 to 60 degrees of
knee flexion were performed. Patellar bone mobilization
was performed to increase the knee’s range of motion.
In the following two weeks, exercises were performed
within a larger range of motion. Upon completing the
physiotherapy sessions, the physiotherapist provided a
satisfactory status report regarding muscle strength, area
swelling, and sufficient range of motion for patients to
undergo functional tests.

The inclusion criteria of this study encompassed pa-
tients aged 18 to 40 years who presented with an iso-
lated and unilateral tear of the ACL, confirmed through
magnetic resonance imaging (MRI). These individuals
should have maintained a moderate activity level before
the injury, indicated by a score of 3-5 on the Tegner scale
[30]. Furthermore, they should have no history of frac-
tures or surgeries in the knee area and no prior damage
to the ACL or other ligaments of the knee joint. The ex-
clusion criteria comprised individuals who experienced
pain or inflammation in the knee during functional tests
or those who declined to continue cooperating with the
study’s rehabilitation protocol.

The participants underwent evaluation in two sessions.
During the first session, they completed the KOS-ADL
questionnaire [5], the global rating of knee function
[31], and the Tampa questionnaire [32]. The KOS-ADL
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scale is a self-report tool designed to assess performance
limitations in patients experiencing various knee condi-
tions, including ligament and meniscus injuries, patel-
lofemoral pain, and knee osteoarthritis. This question-
naire comprises sections for measuring symptoms and
functional limitations during daily activities. Specifi-
cally, the section related to daily activities measurement
consists of 14 questions. Six questions pertain to the
impact of impairment on the ability to perform daily
activities, while the remaining 8 focus on the effect of
knee impairment on specific tasks. Each question offers
five response options, scored from 0 to 5. A score of 0
denotes no difficulty in performing the activity, while a
score of 5 indicates inability to perform the activity. The
maximum achievable score is 70. The total score is con-
verted to a percentage by dividing by 70 and multiplying
by 100. The validity and reliability of this questionnaire
were investigated by Irrgang et al. in 1998 [33].

Additionally, a study conducted by Salvati et al. dem-
onstrated that the Persian version of this questionnaire
is valid and reliable for use in Iranian society [34]. The
global rating of knee function represents the current per-
formance of the knee in comparison to its state before
the injury. It is assessed using the visual analog scale
(VAS), ranging from 0 to 100 [31].

The Tampa questionnaire assesses the pain associated
with fear, accompanied by avoidance and restriction of
behavior, movement, and physical activities initiated
by the individual. It comprises 17 questions rated on
a 4-point Likert scale with responses ranging from 1=
“completely disagree” to 4= “completely agree.” Upon
completion by the patient, a total score between 17 and
68 is calculated. Scores below 37 indicate a low kinesio-
phobia, while scores exceeding 37 suggest a high kine-
siophobia. The minimum clinically important difference
for kinesiophobia is reported to be a 4-point reduction
[35]. The Persian translation of the Tampa question-
naire was conducted by Jafari et al., who measured and
evaluated the psychometric properties of the Persian
version. The results indicated that the Persian version of
the Tampa kinesiophobia scale is valid and reliable for
Iranian society [36].

Four weeks after enrollment in the study, the partici-
pants were summoned to the Research Institute of Phys-
ical Education and Sports Sciences under the Ministry
of Science, Research and Technology in Tehran to un-
dergo functional tests. Adaptation to the injury was as-
sessed through a screening test, while the sense of joint
position was evaluated using the Biodex dynamometer
device [37]. The screening test comprised 4 conditions:
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achieving a score of at least 80% on the six-meter jump
test, obtaining a score of at least 80% on the daily ac-
tivities questionnaire, attaining a score of at least 60%
on the overall knee function assessment, experiencing at
least one instance of knee instability following the initia-
tion of treatment [3].

The joint position sense was assessed using the Bio-
dex System Pro 3 dynamometer (Shirley, New York,
USA), initially in the healthy knee and subsequently
in the injured knee. This device has been validated and
proven reliable for measuring joint position sense [37].
Proper positioning of the individual in the Biodex ma-
chine involved aligning the knee’s movement axis with
the dynamometer’s mechanical axis. Additionally, the
dynamometer seat was adjusted to an 85-degree flexion
angle, and the knee’s range of motion was set from full
extension to 90 degrees of flexion. The end of the knee
connecting lever was positioned above the ankles and
secured with a strap. The individual’s torso was also sta-
bilized using shoulder, waist, and thigh straps. Before
commencing the test, leg torque produced at a 30-degree
knee flexion angle was recorded to negate the effects of
gravity. Furthermore, to minimize the influence of other
muscles, the individual maintained crossed arms on the
chest [38]. For the joint position test with closed eyes,
the knee was passively moved from 90° flexion to 60°
flexion using the lever arm of the device and returned
to the initial position after 4 seconds. Subsequently,
participants were instructed to reproduce the bending
angle with their eyes closed actively. Following two
experimental repetitions, three tests were recorded for
each side.

The hybrid brace used in the experimental group con-
sisted of a functional brace and an elastic sleeve (Fig-
ure 1). The functional component comprised a posterior
femoral cuff and an anterior shin cuff of 2.5-mm thick
polypropylene. These components were designed to
enhance anterior-posterior stability and were custom-
made for each patient based on limb measurements. In
individuals with ACL rupture, anterior and posterior in-
stability leads to anterior tibial displacement relative to
the femur during walking [10, 39]. Thus, positioning the
shin cuff anteriorly and the thigh cuff posteriorly pre-
vents this displacement. The midpoint between the hip
trochanter and the external condyle of the femur corre-
sponded to the location of the femoral cuff, while the
midpoint between the head of the fibula and the lateral
malleolus aligned with the position of the tibial cuff.
The polycentric knee joint, constructed from aluminum
and featuring a gear model, allows free joint movement.
This joint was aligned with the knee’s movement axis,
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ensuring optimal functionality. From a lateral perspec-
tive, the knee brace’s joint location is aligned with the
knee’s anatomical axis.

Additionally, elastic straps were employed to mini-
mize functional knee brace slippage. The elastic straps,
capable of greater stretch than non-elastic ones, provide
increased orthotic adhesion, thereby reducing down-
ward slippage. The ACL plays a significant role in con-
trolling valgus force and preventing instability on the
medial side of the knee joint [40]. Consequently, ACL
damage results in internal knee joint instability. The ex-
ternal load of the knee brace counteracts valgus force
and mitigates internal instability post-ACL rupture [41,
42]. This outcome is achieved by applying three pres-
sure points generated by the upper and lower ends of the
lateral upright and the knee pad’s mutual force on the in-
ner aspect of the knee (Figure 1). The orthotic joint was
linked to the upper and lower cuff via lateral upright in
this brace. Strap tension varied to accommodate proper
suspension and individual tolerance levels, as indicated
by skin redness assessment 15 minutes after brace re-
moval. The applied pressure was deemed appropriate if
redness disappeared within 20 minutes [43]. Underneath
the functional brace, patients wore a Tynor® neoprene
sleeve that provided complete contact with the knee,
exerting pressure on underlying structures. Sleeve size
was determined individually by measuring knee circum-
ference and utilizing the sleeve guide. Patients were in-
structed to wear the hybrid brace for a minimum of four
hours daily and record the duration of use.

SPSS statistical software, version 22 was employed
for data analysis, with the normality of data distribution
assessed using the Shapiro-Wilk test. All data exhibited
normal distribution except for the performance report,
which was normalized by excluding one outlier data
point. An independent t test was utilized to assess the
homogeneity of the two groups concerning age, scores
on the Tampa and daily activity questionnaires, and the
global rating of knee function scores at the study’s outset.

Mixed within-between analysis of variance (ANOVA)
was employed to evaluate the KOS-ADL questionnaire,
global rating of knee function report, and Tampa ques-
tionnaire within and between groups. The Chi-square
test was conducted to compare the proportion of cop-
ers and non-copers. The Spearman correlation test was
employed to investigate the relationship between coping
ability and proprioception and the association between
kinesiophobia and proprioception. A significance level
of 0.05 was established.

Nemati Z, et al. The Effect of the Hybrid Knee Brace After Acute Anterior Cruciate Ligament Rupture. RJ. 2025; 25(4):824-847.
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Figure 1. Custom-Made hybrid knee brace consisting of tynor tm sleeve and functional knee brace

Furthermore, an independent t test was conducted to
compare the absolute joint position sense error, which
was used to measure joint position sense, between the
test, control, and coper and non-coper groups.

Results

The study included 30 individuals diagnosed with iso-
lated ACL tears. However, two individuals were exclud-
ed from the study because they did not utilize a brace,
while the other two were excluded for failing to attend
all physiotherapy sessions. Consequently, 26 individu-
als were chosen to partake in the study, divided into two
groups, with 13 participants in each group. Before the
study’s commencement, the two groups were matched
based on age, time of injury, fear of movement level,
daily activity, and knee function, as outlined in Table 1.

The Effects of Using a Hybrid Brace on Kinesiopho-
bia, Knee Function, and Daily Activities

A mixed within-between analysis of variance was con-
ducted to assess the impact of utilizing a hybrid knee
orthosis on kinesiophobia, knee function, and daily ac-
tivities. The within-group analysis of variance results
indicated a significant difference between pre- and post-
intervention outcomes across all three variables, with

Winter 2025. Vol 25. Num 4
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improvements observed in the scores of each variable
following the intervention in both groups (demonstrat-
ing a significant main effect of the variables). Addition-
ally, the interaction effect of all three variables (Tampa
questionnaire, daily activities measurement question-
naire, and knee self-reported performance) was found to
be significant in both groups (Table 2), indicating that
the positive changes in all three variables were more
pronounced in the test group compared to the control
group (Figure 2).

Regarding between-group analysis concerning kine-
siophobia and knee function, no significant differences
were observed between the two groups (Table 3). How-
ever, regarding the score of the daily activities question-
naire, a significant difference was noted between the
two groups (P=0.020) (Table 3).

Determining the Frequency and Percentage of Copers
in Each Group, Separately For Each Component of the
Screening Test, and the Final Score of the Test

Table 3 displays the frequency and percentage of cop-
ers in each group, separately by each component of the
screening test, along with the final score. Eight individu-
als in the test group and 3 in the control group exhibited
coping (61.5% vs 23.1%) (Table 4).

Nemati Z, et al. The Effect of the Hybrid Knee Brace After Acute Anterior Cruciate Ligament Rupture. RJ. 2025; 25(4):824-847.
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Figure 2. The interaction effect of tampa questionnaire score, kos-adl questionnaire score, and self-reported knee function in the

experimental and control groups

Notes: The interaction effect of the KOS-ADL questionnaire score in the experimental and control groups before and after the

rehabilitation intervention (A). The interaction effect of kinesiophobia in the experimental and control groups before and after the

rehabilitation intervention (B). The interaction effect of self-report knee function in the experimental and control groups before and

after the rehabilitation intervention (C).

Abbreviation: KOS-ADL: Knee outcome survey's activities of daily living scale.

In Table 5, the relationship between the proportion of
copers based on each test and the proportion of copers
based on all the tests is reported using the Chi-square
test. According to this Table, the score of the KOS-ADL
questionnaire exhibits the highest correlation with the
final result of the screening test (¢=0.92).

The results presented in Table 5 indicate that the high-
est correlation between the components of the screening
test and the final result of the screening test, indicative
of compatibility with the injury, is associated with the
score of the KOS-ADL questionnaire, with a coefficient
of 0.92. Conversely, the lowest correlation is linked to

the knee self-reported performance, with a coefficient
of 0.23.

Analysis of the Absolute Joint Position Sense Error
Between Experimental and Control Groups and Be-
tween Coper and Non-coper Groups With Injury

To assess joint position sense, the absolute value of
the difference between each individual’s reconstructed
angle and the target angle (60 degrees knee flexion) was
calculated, termed the absolute joint position sense er-
ror. An independent t test was conducted to compare the
absolute joint position sense error between the experi-

Table 1. Independent t-test to compare the homogeneity of the experimental and control groups

Mean+SD
Variables P
Experimental Control
Age (y) 29.69+7.88 27.84+7.04 0.535
Days from injury 37.77£20.73 48.08+21.32 0.224
Tampa questionnaire score 44.77+5.709 41.6245.189 0.446
KOS-ADL questionnaire score 51.4617.85 49.6916.84 0.564
Knee self-reported function score 43.08+15.48 45.38+9.67 0.653

Archives of

Abbreviation: KOS-ADL: Knee outcome survey’s activities of daily living scale. Rehabilitation

*P<0.05 is significant.
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Table 2. Within-group analysis of variance for tampa questionnaire score, KOS-ADL questionnaire score, and knee self-reported
function score

Variables Wilk’s Lambda F P Partial Eta Square
Main effect 0.26 Flu4=67-11 <0.001 0.74
Tampa questionnaire score

Interaction effect 0.49 F(1'24)=24.6 <0.001 0.51
Main effect 0.22 Fl124782.68 <0.001 0.77

KOS-ADL questionnaire score
Interaction effect 0.72 Fu 24)=9.43 <0.005 0.28
Knee self-reported function Main effect 0.13 F'1'24)=160.32 <0.001 0.87
score Interaction effect 0.80 F. . =6.04 0.020 0.20

w2~

Abbreviation: KOS-ADL: Knee outcome survey’s activities of daily living scale.

"Significance level=P<0.05.

mental and control groups (Table 6). The test results in-
dicated a significant difference between the two groups,
with the absolute joint position sense error being lower
in the experimental group. This result suggests that indi-
viduals in the experimental group can better reconstruct
the target angle and have a more refined proprioception
than the control group.

Moreover, a significant difference was observed be-
tween the coper and non-coper groups, with the absolute
joint position sense error being lower in the coper group.
This outcome signifies the superior ability of individuals
in the coper group to reconstruct the target angle and a
heightened sense of proprioception in this group (Table 4).

The Spearman correlation test was employed to assess
the relationship between the average absolute joint po-
sition sense error and kinesiophobia. Additionally, the
Pearson correlation test was utilized to examine the re-
lationship between the average absolute joint position
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sense error and adaptation to injury. The results of these
tests are summarized in Table 7.

Table 7 indicates a strong inverse relationship between
proprioception and kinesiophobia. Individuals who ex-
hibited less kinesiophobia demonstrated a heightened
proprioception, suggesting a more accurate propriocep-
tive ability. Additionally, a strong correlation was ob-
served between proprioception and coping ability. Indi-
viduals who displayed greater coping ability exhibited
higher proprioceptive sensitivity.

Notably, no side effects were observed in the experi-
mental group due to using knee braces throughout the
study period.

Discussion

Following an ACL tear, copers may resume previous
activities without undergoing ligament reconstruction
surgery. However, non-copers, due to instability and
recurrent knee giving-way episodes, often require liga-

Table 3. Between-group analysis of variance for tampa questionnaire score, KOS-ADL questionnaire score, and knee self-reported

function score

Variables F P Partial Eta Square
Tampa questionnaire score F(1,24)<0.01 0.895 <0.001*
KOS-ADL questionnaire score F(1,24)=0.21 0.02* 6.22
Knee self-reported function score F(1‘24J=1.27 0.27 0.05

Abbreviation: KOS-ADL: Knee outcome survey’s activities of daily living scale.

“Significance level=P<0.05.
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Table 4. Frequency and percentage of copers in experimental test and control groups according to the screening test items and the
overall score of the test

Variables Experimental Group (Copers) % Control Group (Copers) %
KOS-ADL questionnaire score 8 69.2 3 23.1
Knee self-reported function 13 100 11 84.6
Giving-way 10 76.9 6 46.2
6-m hop test 11 84.6 8 61.5
Total copers number 7 61.5 3 23.1

Archives of
Abbreviation: KOS-ADL: Knee outcome survey’s activities of daily living scale. Rehabilitation

Table 5. Association between coper’s ratio based on each test and coper’s ratio based on total tests

Variables X2 P ¢
KOS-ADL questionnaire score 0.92=(1, n=26) <0.0010* 0.92
Knee self-reported function 0.23=(1, n=26) 0.684 0.23
Giving-way 0.62= (1, n=26) 0.006" 0.62
6-m hop test 0.48= (1, n=26) 0.0046" 0.48
Archives of
Abbreviation: KOS-ADL: Knee outcome survey’s activities of daily living scale. Rehabilitation

*Significance level=P<0.05.

Table 6. An independent t test to compare the absolute error of angle reconstruction between experimental, control and coper, non-
coper groups with damage

Group The Absolute Error of Angle Reconstruction t P’

Experimental group 3.22+1.55

-4.87 <0.001
Control group 6.23+1.70
Copers 2.86+1.47

-4.64 <0.001
Non-copers 6.00+1.77

. . Archives of . .
“Significance level=P<0.05. Rehabilitation

Table 7. Relationship between mean absolute error of angle reconstruction with kinesiophobia and also with coping ability

Relationship Between the Average Absolute Error of Angle Reconstruction Sample Size P* Correlation Coefficient
Kinesiophobia 26 >0.001 -0.76
Coping ability 26 >0.001 0.67
Archives of
*Significance level=P<0.05. Rehabilitation
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ment reconstruction surgery. Given that no immediate
rehabilitation intervention is typically performed post-
rupture to enhance adaptation to the injury, the objec-
tive of our study was to investigate the efficacy of us-
ing a suitable knee brace following ACL rupture. Our
study focused on using a hybrid knee brace, comprising
an elastic sleeve and a functional knee brace, which, in
addition to not interfering with the recovery of acute
symptoms, can help increase adaptation to the injury.
Results indicated that individuals who used the hybrid
knee brace demonstrated greater improvement in pa-
rameters related to adaptation to injury and fear of in-
jury than the control group. Moreover, the hybrid knee
brace group exhibited better knee joint proprioception
than the control group. This finding suggests that using
a hybrid knee brace may mitigate the risk of repeated
injuries and contribute to improved outcomes following
ACL rupture.

The study’s findings revealed that the number of indi-
viduals adapted to the injury was higher in the experi-
mental group, which used the hybrid knee brace for 4
weeks. Although 61.5% of participants in the experi-
mental group and 23.1% in the control group were po-
tential copers based on the screening test, the difference
between the two groups was not statistically significant,
possibly due to the small sample size. This study agrees
with previous research indicating that improving neu-
romuscular control contributes to greater coping ability
[44, 45].

Based on the studies conducted by Méndez-Bouza,
Diermeier et al., the reason for this is the reduction of
muscle co-contraction during walking and the normal-
ization of knee kinematics, which increased knee stabil-
ity. Furthermore, the correlations between the subgroups
of the screening test and the final result of compatibility
with injury were examined to identify the subgroup’s
result closest to the overall outcome. Subgroup points
included 1) achieving at least 80% of the 6-meter hop
test score [4], 2) achieving at least 80% of the KOS-
ADL questionnaire score [5], 3) achieving at least 60
points for the global knee function rating, and 4) expe-
riencing a maximum of one knee giving-way episode
since the time of injury [3]. The analysis revealed the
highest correlation between scores of the KOS-ADL
questionnaire and the final screening examination re-
sult. This finding suggests that if the screening test is not
feasible, determining compatibility with injury can still
be achieved using only the KOS-ADL questionnaire.
Assessing patient-reported outcomes in screening ex-
aminations is crucial as they reflect an individual’s per-
spective on the injury or treatment’s impact on daily life
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and functioning. These outcomes significantly influence
patient satisfaction. Although no significant difference
was observed in the number of copers between the two
groups, scores in both groups indicated that the experi-
mental group performed better in the daily activities and
knee self-report questionnaire scores. These parameters
are closely related to the International Classification of
Functioning, Disability, and Health (ICF), essential for
patients and therapists [46, 47].

Another notable finding of this study revealed that
subjects in the experimental group exhibited a superior
sense of knee joint position and could reconstruct knee
angles with less error than the target angle. This result
is consistent with studies by Murata and Focke, which
demonstrated that knee braces enhanced knee joint pro-
prioception [48-51]. The hybrid brace likely enhances
proprioception by stimulating the joint capsule and skin
in the knee area, thereby strengthening sensory input
and increasing knee sensation [52, 53]. Moreover, the
study revealed a strong inverse relationship between the
absolute joint position sense error and kinesiophobia. As
fear of movement decreases, the error in angle recon-
struction also decreases. This finding aligns with studies
indicating that disturbances in proprioception contribute
to the development of kinesiophobia [54-56].

Additionally, Harput et al. demonstrated the posi-
tive effects of knee braces and taping on kinesiophobia
post-surgical treatment, attributed to increased knee
stability [22]. However, some studies do not support
the mechanical efficacy of knee braces on knees with
damaged cruciate ligaments, suggesting that braces pri-
marily improve proprioception [57]. Maybe the existing
functional braces technologies may not effectively re-
store normal knee biomechanics or improve long-term
patient outcomes. Furthermore, this study identified a
strong relationship between coping ability and absolute
joint position sense error, consistent with prior research
[58-60] indicating that better proprioception correlates
with improved adaptation to injury.

Conclusion

In conclusion, employing a hybrid knee brace, which
combines an elastic sleeve and a functional brace, can
improve proprioception, daily activity questionnaire
scores, and knee self-reported performance scores fol-
lowing acute ACL injury. Enhanced proprioception
is associated with greater coping ability, with a higher
proportion of individuals using the knee brace demon-
strating adaptation to the injury. This study highlights
the potential benefits of utilizing a hybrid knee brace in
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managing ACL injuries, suggesting that it may be valu-
able in promoting recovery and rehabilitation following
such injuries. By enhancing proprioceptive feedback and
supporting knee stability, the hybrid knee brace offers a
promising approach to improving functional outcomes
and facilitating return to pre-injury activities. Further re-
search and clinical trials may provide additional insights
into the effectiveness and long-term benefits of using
hybrid knee braces in ACL injury rehabilitation.

The study has several limitations that should be ac-
knowledged. Firstly, the small sample size and the inclu-
sion of participants with isolated, unilateral ACL tears
limit the generalizability of the findings, particularly to
individuals with ACL injuries accompanied by damage
to other structures such as collateral ligaments or me-
nisci. Future studies with larger and more diverse study
samples must validate the results across a broader spec-
trum of ACL injury presentations. Secondly, this study
only assessed the short-term effects of the hybrid knee
brace intervention. Long-term follow-up evaluations are
necessary to assess the durability of the intervention’s
effects over time. A suggestion for future research is to
conduct a longitudinal study with a follow-up period of
at least 2 months to track symptoms and evaluate the
persistence of treatment effects.

Additionally, this study did not fully explore factors
such as patient adherence to brace usage, compliance
with rehabilitation protocols, and potential confounding
variables. Future research could investigate these factors
to understand their influence on treatment outcomes bet-
ter. Furthermore, while the study focused on the benefits
of the hybrid knee brace intervention, potential adverse
effects or limitations associated with its use were not
thoroughly examined. Future studies should include
comprehensive assessments of potential adverse events
or drawbacks associated with the intervention.

In conclusion, while the findings of this study provide
valuable insights into the potential benefits of using a
hybrid knee brace in ACL injury rehabilitation, further
research with larger sample sizes, longer follow-up
periods, and comprehensive assessments of treatment
adherence and potential adverse effects is warranted to
strengthen the evidence base and inform clinical prac-
tice effectively.
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27. Shapiro-wilk

28.Independent Samples t Test

29. Analysis of variance (ANOVA)

30. Mixed within-between analysis of variance
31. Chi-square

32. Shapiro-Wilk Test
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33. Spearman's rank correlation coefficient
34, Pearson correlation coefficient
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36. Knee Outcome Survey’s Activities of Daily Living Scale

37. Global rating of knee function

38. International Classification of Functioning, Disability and Health
(ICF)

39. Tapping
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