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Abstract

Introduction: Knee bracing after anterior cruciate ligament (ACL) reconstruc-
tion aims to maintain range of motion (ROM), provide knee stability, and protect
the reconstructed ligament. However, evidence regarding the routine use of knee
braces after ACL reconstruction remains limited, and no study has evaluated this
practice in Indonesia. This study aimed to compare functional outcomes between
patients who used a knee brace and those who did not after arthroscopic ACL
reconstruction using a quadriceps tendon autograft.

Methods: This randomized controlled trial included patients undergoing ar-
throscopic ACL reconstruction at a tertiary hospital in Jakarta between February
2022 and February 2023. Patients were randomized to postoperative knee bracing
or no bracing. Clinical outcomes were assessed preoperatively and at 1, 3, and 6
months postoperatively using the International Knee Documentation Committee
(IKDC) score, Lysholm score, Knee Injury and Osteoarthritis Outcome Score
(KOOS), ACL Return to Sport after Injury (ACL-RSI) score, and Rollimeter
measurement.

Results: There were no significant differences between groups in sex, injured
knee side, or concomitant meniscal injury. No significant between-group dif-
ferences were observed in IKDC, Lysholm, or KOOS scores at any assessment
point (p>0.05). Rollimeter measurements showed significantly greater anteri-
or translation in the bracing group at 1 and 3 months postoperatively (p=0.001
and p=0.003, respectively). A significant between-group difference in ACL-RSI
scores was observed at 3 months postoperatively (p=0.004).

Conclusion: Knee bracing after arthroscopic ACL reconstruction using a quad-
riceps tendon autograft did not improve functional outcomes compared with no
bracing. Routine postoperative bracing may therefore not provide additional
functional benefit.

reconstructive surgeries in the United States and 400,000

Introduction

Anterior cruciate ligament (ACL) injuries are the most
common ligament injuries in the knee region with an in-
cidence of over 120,000 per year and resulting in 129,000
- 400,000 reconstructive surgeries in the United States
and 400,000 reconstructive surgeries worldwide.! Anteri-
or cruciate ligament (ACL) injuries are the most common
ligament injuries in the knee region with an incidence of
over 120,000 per year and resulting in 129,000 - 400,000

reconstructive surgeries worldwide.?

Management of ACL injuries must be done holistically and
comprehensively. Management is carried out starting from
the time of ACL reconstruction surgery, graft selection
during reconstruction to postoperative including brace use
and rehabilitation methods used postoperatively. There are
2 types of graft that can be used Autograft and Allograft,
several sources of Autograft that have been commonly

https://doi.org/10.31282/joti.v7n3.138

D



Adhimukti et al./The Journal of Indonesian Orthopaedic & Traumatology 2024; 7(3): 22-29

used in ACL reconstruction namely (1) Bone Patellar Ten-
don Bone (BPTB) which is still the gold standard of ACL
reconstruction graft, (2) Hamstring, (3) Bone Quadricep
Tendon (BQT) and (4) Peroneus longus can be an alterna-
tive graft.>single bundle hamstring tendon (SBHT Andri
and Demy in their study stated that the use of BQT grafts
had better functional outcomes when compared to Single
Bundle Harmstring.® Previous meta-analysis studies by
Mouarbes et al and Zhoumao et al also stated that BQT
has a lower risk of rerupture and donor-site morbidity than
hamstring tendon. This could be due to the better union
of the graft with the bone given its superior bone-to-bone
healing properties compared to tendon-to-bone healing.>*

Postoperative management (including brace wear) to reha-
bilitation is as important a part of the surgery as the surgery
itself. During surgery, patients should have minimal knee
effusion and full extension to prevent the risk of postopera-
tive arthrofibrosis. Patients should take the time to prepare
for surgery and postoperative rehabilitation equally well.
Shelbourne and Koltz explained that regaining symmet-
rical Range of Motion (ROM) of the knee joint is patient
satisfaction.’

There is much debate and controversy in the use of knee
brace after ACL reconstruction. In Indonesia, there is cur-
rently no research that examines the use of knee braces
after ACL reconstruction. Based on this, this study exam-
ines whether there are differences in functional outcomes
between patients who use a knee brace and without using
a knee brace after ACL reconstruction.

Methods

The study used a randomized controlled trial design and
was conducted at a tertiary hospital in Jakarta, Indonesia,
from February 2022 to February 2023. The target popu-
lation comprised all patients who underwent arthroscopic
anterior cruciate ligament (ACL) reconstruction using a
quadriceps tendon autograft during the study period. Pa-
tients who met the predefined inclusion and exclusion cri-
teria were eligible for enrollment.

The inclusion criteria were patients aged 18—50 years with
an ACL rupture without concomitant injury to other knee
ligaments, including the posterior cruciate ligament (PCL),
lateral collateral ligament (LCL), or medial collateral lig-
ament (MCL), who underwent arthroscopic ACL recon-
struction using a quadriceps tendon autograft. Patients
with generalized joint hypermobility (Beighton score >4),
a history of ACL re-rupture, or previous revision ACL re-
construction were excluded.

Participants were randomly allocated into two groups: a
knee-bracing group and a non-bracing group. Randomiza-
tion was performed using a computerized random-number
generator (Random.org) by an independent third party, and
the allocation sequence was concealed from the research-

€18,

In the bracing group, an adjustable knee brace was applied
after ACL reconstruction performed by an orthopedic sur-
geon or orthopedic resident under specialist supervision.
During the first postoperative week, the brace was locked
in full extension (0°). During the third week, the target
range of motion was 0°-90°, and full flexion was permit-
ted from the fourth week onward. The brace was worn
continuously during the first postoperative week, except
during physical therapy sessions, according to the rehabil-
itation protocol.

Subjective knee function was assessed using the Interna-
tional Knee Documentation Committee (IKDC), Lysholm,
Tegner, and Knee Injury and Osteoarthritis Outcome Score
(KOOS) questionnaires. The questionnaires were admin-
istered through face-to-face interviews by an orthopedic
surgeon or orthopedic resident. Clinical assessments were
performed at four time points: preoperatively and at 1, 3,
and 6 months postoperatively.

Knee stability was assessed using a Rolimeter. The patient
was examined in the supine position, with the Rolimeter
positioned over the patella and centered along the patellar
level according to the manufacturer’s recommended tech-
nique. Rolimeter measurements were obtained at the same
four time points: preoperatively and at 1, 3, and 6 months
postoperatively.Data were analyzed using the SPSS 25
program. This study was only conducted by obtaining ethi-
cal clearance from the Health Research Ethics Committee,
Jakarta, before the study was carried out. This study has
been registered on ClinicalTrials.gov under registration
number NCTO5457452.

A total of 24 patients who underwent anterior cruciate lig-
ament (ACL) reconstruction were included in the study
and divided into two groups: a knee-bracing group and
a non-bracing group. Most patients were male (20/24,
83.3%). The baseline characteristics of the study partici-
pants are presented in Table 1. There were no statistically
significant differences in baseline characteristics between
the two groups (p>0.05).

The most common activity associated with ACL rupture
was soccer (42%), followed by basketball (25%). The
interval between injury and surgery ranged from 1 to 48
months. During the follow-up period, no cases of infection
or ACL re-rupture were observed. The mean preoperative
IKDC score was 46.7 £ 20.4 in the knee-bracing group
and 52.8 £ 20.5 in the non-bracing group. A comparison
of IKDC scores between the two groups is presented in
Table 2.

KOOS scores were assessed preoperatively and at 1, 3,
and 6 months after ACL reconstruction. At 1 month post-
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Table 1. Research Subject Charateristics

Group
Characteristics Knee Brace No Knee Brace P-value
(n=12) (%) (n=12) (%)
Gender*
-Male 9 (75%) 11 (91,7%) 0,590
-Female 3 (25%) 1 (8,3%)
Age (years)** 25.5(17-35) 23.5 (18-48) 0,191
Knee* 0,408
-Left 6 (50%) 4 (33.3%)
-Right 6 (50%) 8 (66.7%)
Involvement meniscus 0,371
injury*
-Yes 10 (83.3%) 7 (58.3%)
-No 2 (16.7%) 5 (41.7%)
Location of meniscus
injury
Lateral 7 (70%) 3 (42.8%)
Medial 3 (30%) 4 (57.2%)

*Significance values were obtained with the Fisher test
**Significance values were obtained with the Mann-Whitney test

Table 2. IKDC values of patients with or without using a knee brace

IKDC Score Brace Group Non-Brace Group Difference(CI 95%) P-value
N=12 N=12
Preoperative 46.7£20.4 52.8420.5 6.03 (-11.3-23.4) 0.479
Postoperative 1 month 42.8+19.1 37+18.7 -5.83 (-21.8-10.2) 0.459
Postoperative 3 months 59.1+13.5 60.8+12.0 1.75 (9.1 - 12.6) 0.742
Postoperative 6 months 84.91+14.8 75.75+17.8 9.15 (-4.71 - 23.03) 0.185

*Significance value obtained by independent T-test

operatively, the median KOOS score was higher in the
knee-bracing group than in the non-bracing group (56.55
[range, 13.7-82.1] vs. 42.2 [range, 15.5-84.5]); however,
the difference was not statistically significant (p=0.443).
Comparisons of KOOS scores between the two groups are
presented in Table 3.

Clinical outcomes were assessed using the Lysholm score
preoperatively and at 1, 3, and 6 months after ACL re-
construction. At 3 and 6 months postoperatively, there
were no significant differences in Lysholm scores be-
tween the knee-bracing and non-bracing groups (p=0.847
and p=0.663, respectively). Comparisons of Lysholm
scores between the knee-bracing and non-bracing groups
(p=0.847 and p=0.663, respectively). Comparisons of Ly-
sholm scores between the two groups are presented in Ta-
ble 4.

Rolimeter measurements were obtained preoperatively
and at 1, 3, and 6 months postoperatively. At 1 month, the
mean anterior translation was greater in the knee-bracing
group than in the non-bracing group (2.42 + 0.515 mm vs.
1.50 = 0.674 mm; p=0.001). At 3 months, the mean trans-

lation remained greater in the knee-bracing group (1.92 +
0.669 mm vs. 1.17 + 0.389 mm; p=0.003). A significant
between-group difference was also observed at 6 months
postoperatively (p=0.024). The results of the Rolimeter
measurements are presented in Table 5.

ACL-RSI scores were assessed preoperatively and at 1,
3, and 6 months postoperatively. Preoperatively, the mean
ACL-RSI score was 24.75 (18.4-30.4) in the knee-bracing
group and 27.0 (24.2—-45.3) in the non-bracing group, with
no significant between-group difference (p=0.143). At 1
month, the mean scores were 51.2 (43.5-54.2) and 52.85
(43.5-55.4) in the knee-bracing and non-bracing groups,
respectively, with no significant difference (p=0.311).
At 3 months, a significant between-group difference was
observed (p=0.004). At 6 months, the difference was no
longer statistically significant (p=0.355). The ACL-RSI
results are presented in Table 6.

Discussion

This study involved 24 subjects divided into two groups:
those using post-operative braces (12 subjects) and those
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Table 3. KOOS value of patients with or without using a knee brace

Brace Group

Non-Brace Group

KOOS N=12 N=12 Differences P-value
Preoperative
Symptoms 66.3 (22.7) 57.7 (21.5) 8.62 (-10.1 - 27.3) 0.350
Pain 68.5(21.4) 62.2 (22.5) 6.24 (-12.4 - 24.8) 0.494
ADL 66.2 (22.5) 62.0 (22.0) 4.28 (-14.6 - 23.1) 0.642
Exercise 60.8 (29.8) 50.4 (32.1) 10.4 (-15.8 - 36.6) 0.419
Quality of life 63.0 (27.3) 51.5Q2L1D) 11.4 (-9.25-32.1) 0.264
Total 65.2 (20.3) 59.2 (21.4) 5.99 (-11.7 - 23.7) 0.489
Postoperative 1 month
Symptoms 53.8 (20.3) 53.5(18.5) 0.29 (-16.2 - 16.7) 0.970
Pain 52.4(27.3) 45.6 (20.2) 6.80 (-13.6 - 27.2) 0.496
ADL 50.7 (19.8) 44.3 (16.0) 6.37 (-8.90 - 21.6) 0.396
Exercise 37.5(26.4) 22.5(28.5) 15 (-8.29 - 38.2) 0.195
Quality of life 48.9 (23.6) 41.1 (23.9) 7.81 (-12.3 - 27.9) 0.429
Total 52.4 (22.2) 44.7 (17.8) 7.73 (-9.36 - 24.8) 0.358
Postoperative 3 months
Symptoms 81.5(11.8) 78.5 (14.4) 2.97 (-8.22 - 14.1) 0.587
Pain 73.3 (16.3) 72.7 (12.1) 0.65 (-11.5-12.8) 0.911
ADL 75.8 (8.08) 74.1 (7.86) 1.71 (-5.04 - 8.46) 0.604
Exercise 60 (28.6) 48.3 (22.7) 11.6 (-10.2 - 33.6) 0.282
Quality of life 65.6 (11.1) 66.1 (13.1) -0.5 (-10.8 - 9.81) 0.917
Total 73.7 (10.2) 70.9 (9.64) 2.78 (-5.65 -11.2) 0.501
Postoperative 6 months
Symptoms 94.04 (4.3) 91.96 (8.4) 2.08 (-3.64 —7.81) 0.458
Pain 91.66 (11.8) 91.20 (6.3) 3.88 (-7.58 — 8.50) 0.907
ADL 92.89 (11.4) 92.64 (6.2) 3.75 (-7.53 - 8.02) 0.948
Exercise 81.66 (20.0) 68.33 (29.1) 10.2 (-7.82 — 34.4) 0.205
Quality of life 87.14 (12.2) 76.56 (26.3) 8.39 (-6.83 - 27.9) 0.221
Total 89.48 (11.4) 84.14 (13.8) 5.19 (-5.45-16.1) 0.351

*Significance values were obtained with the Mann Whitney test

not using braces (12 subjects). The majority of participants
were male, with an average age of 23-25 years, reflect-
ing the population of previous ACL injury patients, typi-
cally adolescents or young adults engaged in competitive
sports. The research highlighted that knee injuries, partic-
ularly ACL injuries, play a significant role in sports-re-
lated injuries. While previous studies suggested a higher
incidence of ACL injuries in females, more males undergo
ACL surgery possibly due to the lower participation rate
of females, especially in competitive sports, compared to
males. The study also emphasized that there was no sig-
nificant difference in the location of ACL injuries between
the left and right sides, with meniscus injuries often ac-
companying ACL injuries, predominantly affecting the
lateral meniscus. Meniscus injuries were more common in
ACL injuries lasting over 8 weeks, signifying an increased
risk associated with ACL rupture.®'°

Clinical outcome assessment in this study was conducted
through rolimeter testing, indicating anterior translation of
the knee joint, signaling joint laxity due to ACL damage.

The research revealed significant differences in rolimeter
measurements between the brace and non-brace groups at
the 1-month and 3-month evaluations following the ACL
injury. Initially, both groups showed considerable anterior
translation of around 8.92 mm in the brace group and 8.58
mm in the non-brace group. However, statistically, no sig-
nificant differences in anterior translation were observed
preoperatively, indicating a comparable baseline between
the two groups. At the 1-month evaluation, a significant
difference in translation was noted with a mean difference
of 0.9 mm between the brace and non-brace groups. In-
terestingly, the brace group exhibited significantly higher
translations than the non-brace group. Despite the signifi-
cant differences, postoperative rolimeter measurements in
this study showed average anterior translations of 2.42 mm
and 1.50 mm in both groups, within normal limits com-
pared to prior research. A study by Lubis et al. in Indone-
sia displayed a larger postoperative anterior translation of
3.12 mm following cruciate ligament reconstruction with
bone quadriceps tendon, further emphasizing the satisfac-
tory outcomes of this study within a normal range.>!!
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Table 4. Tegner Lysholm score value of the patient with or without using a knee brace

Tegner Scale Brace Group Non-Brace Group P-value

N=12 N=12

Preoperative

Bad 3(25) 7 (58) 0.518

Average 8 (66) 2 (16)

Good 1(8) 3(25)

Very good 0 (0) 0 (0)

Postoperative 1 month

Bad 6 (50) 8 (66) 0.996

Average 5(41) 4 (33)

Good 1(8) 0(0)

Very good 0 (0) 0(0)

Postoperative 3 month

Bad 3(25) 0(0) 0.847

Average 4 (33) 9 (75)

Good 4 (33) 3(25)

Very good 0(0) 0(0)

Postoperative 6 month

Bad 0 (0) 0 (0) 0,663

Average 1(8.3) 3 (25)

Good 6 (50) 4 (33.3)

Very good 5(41.7) 5(41.7)

*Significance values were obtained with the Mann Whitney test

Table 5. Rollimeter examination in patients with or without using a knee brace

Brace Group

Non-Brace Group

Mean difference

Rollimeter (mm) N=12 N=12 (95% 1K) P-value
Preoperative 8.92 (1.929) 8.58 (1.505) 0.33 (-1.1-1.79) 0.642
Postoperative 1 month 2.42 (0.515) 1.50 (0.674) 0.91(0.40 - 1.42) 0.001
Postoperative 3 month 1.92 (0.669) 1.17 (0.389) 0.75 (0.28 - 1.21) 0.003
Postoperative 6 month 1.66 (0.77) 1.08 (0.28) 0.23 (0.08 — 1.08) 0.024

*Significance values were obtained with the Independent T-test

Table 6. ACL-RSI Score value of patients with or without using a knee brace

ACL-RSI Score Brace Group Non-Brace Group Mean Difference P Value
N=12 N=12

Preoperative 24.75 (18.4-30.4) 27 (24.2-45.3) -3.08 (-7.1-0.9) 0.141
Postoperative 1 month 51.2 (43.5-54.2) 52.85 (43.5-55.4) -0.94 (-4.1-2.2) 0.311
Postoperative 3 month 73.1 (64.9-71.3) 65.9 (63.2-74.2) 542 (2.3-8.5) 0.004
Postoperative 6 month 67.3 (38.3-82.5) 63.2 (50.8-88.3) 2.39 (-7.0-11.8) 0.355

*Significance values obtained with the Mann Whitney test

Similar findings were also found in the 3-month postop-
erative rolimeter assessment with significant differences.
Previous research has described anterior translation ex-
ceeding 3 mm in subjects undergoing ACL reconstruction.
The results here indicate that the residual translation ob-
served may not be clinically significant, especially when
the mean translation remains within normal limits. In con-
trast, a study by Jacobi et al. in 2016 reported significant-

ly better rolimeter results in patients receiving post-ACL
reconstruction bracing. This difference may be attributed
to the varying durations of follow-up, as their study had a
2-year follow-up period.'>!

While significant differences were noted between the
brace and non-brace groups, there were no observable
variations in functional outcomes. This implies that
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despite differing knee stability as measured by anterior
translation, functional outcomes were not impacted.
Interestingly, functional outcomes were superior in
the brace group, despite poorer clinical outcomes,
highlighting the beneficial effect of brace use in providing
ACL support and improving knee stability. Assessment via
various scores like IKDC, KOOS, Tegner Lysholm, and
ACL-RSI showed differing outcomes. The IKDC score,
evaluating subjective and objective aspects of the knee,
displayed comparable baseline function preoperatively.
Post-ACL reconstruction, a decrease in IKDC scores was
noted, consistent with previous findings of improving
postoperative IKDC scores reported in the literature. This
study corroborates a similar trend with decreased IKDC
scores at the 1-month evaluation post-surgery, potentially
related to common post-ACL reconstruction knee pain.'+!”

Observations in this study show that, at the 1-month
postoperative evaluation, the non-brace group had lower
IKDC scores compared to the brace group, although this
difference was not statistically significant. This suggests
that brace use may still offer clinical benefits in terms of
functional outcomes one month after surgery. However,
previous research supports the statistical outcomes
indicating no significant correlation between post-ACL
operation brace use and IKDC scores. This study aligns
with a meta-analysis of randomized controlled trials by
Yang et al. in 2019, asserting that brace utilization does not
enhance IKDC functional outcomes in patients following
ACL arthroscopic reconstruction. The study emphasized
that bracing’s effects were only relative during wear,
lacking significant long-term benefits. Earlier research by
Moller et al. also highlighted that patients using braces
face higher risks of tissue swelling due to soft tissue
compression, associated with lower limb muscle atrophy
and reduced knee joint flexion range of motion.'*

This study compared the functional outcomes between
brace and non-brace groups following ACL reconstruction,
utilizing the KOOS scoring system to assess differences
at preoperative, 1-month, and 3-month postoperative
stages. The KOOS system, which evaluates symptoms,
pain, daily activities, sports, and knee-related quality of
life, showed no significant differences between the groups.
Although prior research suggested that brace use post-
reconstruction could lead to functional improvement, this
study did not find a significant correlation between brace
usage and KOOS scores, including in areas such as pain
and sports activities, where the non-brace group showed
better recovery at l-month post-operation. This aligns
with previous findings emphasizing the benefits of brace
use in enhancing functional outcomes, particularly in the
sports domain, at longer follow-up periods.?!"*

This study evaluated post-operative outcomes using the
Tegner Lysholm Knee Scoring and ALC-RSI scores,
finding that the use of bracing did not significantly impact
outcomes except for psychological factors measured by

the ALC-RSI three months post-ACL reconstruction. The
ALC-RSI assesses the psychological readiness of patients
with ACL injuries to return to sports, including emotions,
confidence levels, and risk assessment, where brace users
showed significantly better psychological readiness at three
months. This indicates a potential positive psychological
impact of bracing on returning to sports activities. Despite
this, previous research has shown no long-term functional
difference in patients post-ACL reconstruction with or
without brace use, suggesting that while bracing might
improve psychological confidence in the short-term, it
doesn’t necessarily translate into long-term functional
improvements.***

Research suggests that the utility of knee braces following
ACL reconstruction surgery is dependent on the duration
and manner of use to achieve optimal outcomes.
According to a study by Masini et al., braces should be
worn constantly for 4-8 weeks post-surgery, except during
bathing or physical therapy sessions, with the knee held
in maximum extension for better functional outcomes
compared to a 0-90 degree flexion position. This study
found no incidents of re-rupture post-ACL reconstruction,
contrasting with previous studies like Balendra et al.,
which reported a 5.2% graft rupture rate within the
first year, often before returning to competitive sports,
highlighting the highest risk of graft failure within the first
12 months post-reconstruction. The causes of graft failure
are multifactorial, with factors including the injury’s initial
contact mechanism and the return to sports impacting the
risk of recurrent ACL rupture. Patients with initial contact
mechanism injuries face a threefold risk of graft re-rupture,
potentially due to differences in tendon properties, such
as the quadriceps tendon’s higher elasticity and thickness
compared to other tendons and the normal ACL.*-

This research is a randomized controlled trial that
specifically investigates the subjective and objective
functional outcomes of patients using a brace versus
those not using a brace after undergoing arthroscopic
ACL reconstruction with an autograft from the quadriceps
tendon. It’s noteworthy that clinical studies detailing
the specific impact of brace use on patients following
arthroscopic ACL reconstruction with quadriceps tendon
autografts have not been previously reported, making this
study a primary data source for future research. However,
the study faces limitations, including a short follow-up
duration of three months and inconsistent post-operative
rehabilitation protocols across patients. For more
conclusive findings, further research is recommended with
a longer follow-up period and more homogenous subject
groups, such as athletes or younger individuals.

Conclusion

There were no significant differences in functional out-
comes, as assessed by the IKDC, Lysholm, and KOOS
scores, between patients who used a knee brace and those
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who did not after arthroscopic ACL reconstruction using
a quadriceps tendon autograft. Significant between-group
differences were observed in ACL-RSI scores at 3 months
and in Rolimeter measurements at 1, 3, and 6 months post-
operatively. Overall, routine knee bracing did not provide
a significant functional benefit following ACL reconstruc-
tion with a quadriceps tendon autograft.
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