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ABSTRACT

TS Postoperative rehabilitation protocols, such as immobilization and non-weight-bearing periods
during the acute phase after anterior cruciate ligament (ACL) surgery vary depending on the surgeon or
the institution and lack clear standardization. Weight bearing (WB) after ACL reconstruction (ACLR) is
critical. This study compares the results of WB immediately after surgery and partial WB with a brace
after ACLR.
In this randomized clinical trial, the block random sampling method was used to
select 84 patients who were divided into two groups. Group 1 was allowed to have full WB after surgery
and Group 2 was asked to use braces after surgery, and they were divided into partial WB for one month
and then full WB. Meanwhile, demographic information was recorded. The Lachman test, anterior knee
pain, and kneeling pain before and one month after the surgery were also recorded. Knee function was
evaluated using the international knee documentation committee, knee injury and osteoarthritis out-
come score, and Lysholm scales before surgery and 1, 3, and 6 months after surgery. The data were
analyzed using the SPSS software, version 20, and the Fisher exact test, the chi-square test, the Friedman
test, and repeated measures analysis of variance.
[{EETE Most of the patients were men under 30 years of age. There was no statistically significant dif-
ference in the demographic information of the patients in the two groups. Kneeling pain, anterior knee
pain, and the Lachman test did not differ between the two groups one month after the surgery. There
was no difference between the two groups in the scores using the international knee documentation
committee, knee injury and osteoarthritis outcome score, and Lysholm score in the 6-month follow-up.
: Allthe examined indicators in each group improved over time.
Received: 09 Sep 2023 i [SNENERY WB immediately after surgery compared to partial WB at 1, 3, and 6 months after ACLR do
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Introduction

n anterior cruciate ligament (ACL) tear is

the most common knee injury. The age-

and sex-adjusted annual incidence rate

(1990-2010) of ACL tears is 68.6 per 100

000 in the US [1]. Cruciate ligament rup-
tures are reported to be 10 times as common in athletes
as in the general population [2, 3]. Reconstructing this
ligament yields favorable outcomes in 75% to 97% of
patients [4-6]. Advances in ACL reconstruction (ACLR)
techniques and maintaining its stability have provided
many adaptations in the protection of the reconstructed
ligament by limiting knee extension, weight bearing
(WB), and return to post-surgical activities for faster re-
covery. In other words, these advances and techniques
enable faster rehabilitation and return of the initial range
of motion and WB [7, 8].

Reports range from immediate WB to delayed WB of
up to eight weeks. WB reduces knee effusion and facili-
tates isometric activity of the muscles around the knee.
It also increases the compression and nutrition of the ar-
ticular cartilage, maintains the strength of the subchon-
dral bone, and reduces fibrosis around the patella [9-12].
However, early WB causes graft and knee instability
and widens the bone tunnel compared to delayed WB
post-ACLR [13, 14].

Surgeons have not reached a consensus regarding the
optimal rehabilitation protocol and the best WB time
after ACLR in the acute phase after surgery [15]. Re-
cent articles have shown no benefit for brace use after
ACLR in terms of pain and stability [16-19], and previ-
ous systematic reviews have reported the safety of rapid
rehabilitation, early WB, and increased initial range of
motion for patients [20, 21]. Due to the ambiguity of the
results of previous studies about WB after ACLR, this
clinical trial determines the effect of WB time (imme-
diate or delayed) on clinical functional outcomes after
ACLR with a larger sample size than previous studies.

Material and Methods
Study design

This was a single-blind clinical trial conducted in 2022 at
Poursina Hospital in Rasht City, Iran. Patients with 18 to
50 years of age with complete ACL tear were included. A
complete ACL tear was diagnosed by the Lachman test of
+3 by an orthopedist and confirmed by knee magnetic reso-
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nance imaging. Patients with a history of any knee surgery,
a history of ACL tear of the opposite knee, damage to other
ligaments, any meniscus repair, abnormal knee radiogra-
phy, and symptomatic ankle or hip were excluded. After
providing informed consent, the patients were randomly
divided into two groups. Group one included patients who
were allowed to have full WB post-surgery without using a
brace based on their ability and desire. Group 2 comprised
patients who were asked to use a brace and have partial WB
for 1 month after the surgery and full WB after a month.

Clinical evaluation and data collection

Data related to age, sex, body mass index, level of ex-
ercise (regular, irregular, none), time of returning to ex-
ercise, and the quality of returning to exercise (based on
the patient’s self-report) were recorded. The Lachman
test, anterior knee pain, and kneeling pain were precisely
recorded in the patients’ files 1 month after the surgery.
Knee function was evaluated using the international
knee documentation committee (IKDC), subjective
knee evaluation score, and knee injury and osteoarthritis
outcome score (KOOS) questionnaires before surgery,
and 1, 3, and 6 months after surgery.

Data analysis

The Fisher exact test and the chi-square test were used
to compare the qualitative variables in the two groups.
Repeated measures analysis of variance and the Fried-
man test were run to study the changes in the scores in
the measurement intervals. The significance level was
considered P<0.05. All data were analyzed using the
SPSS software, version 20.

Sampling method and group allocation

The participants were selected by consecutive sam-
pling from patients presenting to the orthopedic depart-
ment. We used the consecutive sampling method and all
patients presenting to the orthopedic department who
met the inclusion criteria were enrolled. The sample size
was calculated at 84 patients (42 patients in each group)
based on the study by Tajima et al. [22] with 95% confi-
dence interval and 90% test power in the two-tailed test
and standard deviation of the two groups at 3.4 and 1.3,
respectively, and considering the statistical difference 2
scores based on the Lysholm score and Equation 1 were
determined for the selected 84 patients.

_ (2102, 5)’(SD +SD5)

l.n
(d)’
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Eligible patients were allocated to each group through
block randomization using the Random Allocation
software with 21 blocks of 4. After generating the list,
a specific code was assigned to each person to identify
them; therefore, based on the random sequence list and
patients’ referrals, 42 patients were placed in group 1
and 42 patients in group 2. This list was kept in a sealed
envelope in the Orthopedic Research Center, and after
the start of the study, it was opened and read daily.

Blinding

A third person who was blinded to sampling and the
type of therapeutic intervention evaluated the patients.

Surgical procedure

For all the patients, routine diagnostic arthroscopy was
first performed to confirm ACL tear and find any other
intra-articular pathology. Then, a 3-cm anteromedial in-
cision was made to the tibia approximately 4 cm distal
to the joint surface and 3 cm medial to the tibial tuber-
osity, and pes anserine was exposed by subcutaneous
dissection. A subperiosteal dissection was performed
up to the tendon insertion on the tibial crest to maintain
maximum length. Semitendinosus and gracilis tendons
were separated from the proximal muscle belly with a
10-mm tendon stripper, and a four-layer graft was used
for ACLR. The femoral tunnel was reamed through ar-
throscopy with the anteromedial portal technique, and
then, the tibial tunnel was inserted. The femoral side was
fixated by an EndoButton and the tibial side was fixated
by a MISBIO® absorbable interference screw.

Rehabilitation protocol

The two-week rehabilitation program was based on
a combination of exercises, including range of motion,
muscle strengthening, walking, physical therapy, mus-
cle stretching, and balance and proprioceptive exercises.
The first week focused on foot, ankle, and quadriceps
exercises. The patient was allowed to bend the knee up
to 30 degrees at the end of the first week and 45 degrees
at the end of the second week. Quadriceps exercises
continued and knee bending increased to 90 degrees in
the third week. In the fourth week, knee bending up to
120 degrees was allowed in the form of air cycling (5
min, 3 times a day). In the fifth week, the same exer-
cises were performed with greater knee flexion (more
than 120 degrees), and in the sixth week, full range of
motion exercises were performed in squats with the
help of quadriceps exercises. Rehabilitation started at 3
months with squatting and running. At month 6, the pa-
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tient returned to sports after evaluation. Patients in group
1 were allowed to bear full weight 24 h after surgery up
to the limit without restrictions, and in group 2, they had
partial WB using a brace for one month and then they
were allowed to bear full weight.

Results

Table 1 presents patients’ basic information by group.
There was no significant difference in age, sex, body
mass index, exercise, and type of exercise between the
two groups.

There was no significant difference in anterior knee
pain and kneeling pain 1month after the surgery between
the two groups. The Lachman test was also similar 1
month post-surgery between the two groups (Table 2).

There was no statistically significant difference be-
tween the two groups in terms of Lysholm score at any
of the measurement time points (P>0.05). The results
of the Friedman test in comparing the Lysholm score at
different measurement time points in each group were
significant (P<0.001); accordingly, the Lysholm score
was reported higher 6 months after the operation com-
pared to other time points. In other words, all patients
improved over time.

The amount of IKDC and KOOS at time points of 1,
3, and 6 months is shown in Table 3. Accordingly, the
trend of changes in IKDC and KOOS scores from be-
fore the operation to 6 months after the operation in both
study groups had a significant upward trend, so time had
a significant effect on improving IKDC score (power
of 1 and Partial Eta Squared=0.894) and KOOS score
(power of 0.962, Partial Eta Squared=0.962). Hence,
the mean score increased, or the functional scores of the
knee in both groups improved significantly with time
(P<0.001). The mean scores of IKDC and KOOS were
not statistically different between the two groups dur-
ing the study, and the changes did not differ between the
two groups as well (P=0.229 and P=0.385, respective-
ly). Also, there was no significant interaction between
the study groups and the measurement time points in the
mean scores of IKDC and KOOS. In other words, the in-
teraction between groups and time is not statistically sig-
nificant (P=0.152 and P=0.136, respectively). Figure 1
and Figure 2 show the changes in the average functional
scores of the knee in the three time points post-surgery.

According to Figure 1, the IKDC score was not sig-
nificantly different between the two groups before the
operation. The mean IKDC score was higher in the full
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Table 1. Demographic information of patients
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No. (%)
Variables 7
Group 1 Group 2 Total
Male 34(81.0) 36(85.7) 70(83.3)
Sex 0.55
Female 8(19.0) 6(14.3) 14(16.7)
<30 18(42.7) 22(52.4) 40(47.6)
30-40 15(35.7) 12(28.6) 27(32.1)
Age (y) 0.75™
41-50 7(16.7) 5(11.9) 12(14.3)
>50 2(4.8) 3(7.1) 5(6.0)
<20 1(2.4) 3(7.1) 4(4.8)
Body mass 20-25 20(47.6) 27(64.3) 47(56.0) .
. " .
index (kg/m’) 26-30 19(45.2) 9(29.4) 28(33.3)
<30 2(4.8) 3(7.1) 5(6.0)
Regular 28(66.7) 27(64.3) 55(65.5)
Sports activity Irregular 10(23.8) 11(26.2) 21(25.0) 0.99™
Without activity 4(4.5) 4(9.5) 8(9.5)
Soccer 28(66.8) 21(50.0) 49(58.3)
Volleyball 5(11.9) 9(21.4) 14(16.7)
Type of the Martial sport 3(7.1) 7(16.7) 10(11.9) 040"
sport
Wrestling 3(7.1) 3(7.1) 6(7.1)
Others 3(7.1) 2(4.8) 5(6.0)
Archives of. : .
*Chi-square test, " Fisher exact test. Rehabilitation
weight-bearing group than in the partial group three Discussion

months after the operation and descriptively lower than
at other time points. After 6 months, the two groups were
descriptively closer with a 0.1 difference between their
mean scores. Furthermore, the mean scores increased
more sharply one month after the operation while the
trend slowed down later. Figure 2 shows that before the
operation, KOOS scores were not significantly different
between the two groups. The mean score was 0.2 points
higher in the full-weight group one month after the op-
eration, and the two groups were close to each other and
at the same point. Then the partial group descriptively
scored higher than the full group with time, but this dif-
ference was not significant (P=0.136). Also, the slope of
the graph is steeper one month after the operation, and
then it slows down.

ACLR is one of the most common surgeries in athletes.
There is no consensus among surgeons regarding post-
operative WB and its duration. In this study, the results
of WB immediately after surgery without restrictions
compared to partial WB with braces in the first-month
post-surgery in patients with ACLR were investigated.
The results revealed no significant difference between
the two groups in terms of the evaluation parameters
(IKDC, KOOS, and Lysholm) at different time points.

Early restoration of knee extension range of motion
and early WB have been possible for more than 20 years
and are the current standard of care after isolated ACLR
[23]. There are consistent recommendations in rehabili-
tation guidelines, noting that knee mobility and strength/

Mardani-Kivi M, et al. Comparison of Immediate and Delayed Weight Bearing After ACL Reconstruction. RJ. 2024; 25(2):336-355.
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Table 2. Comparison of the distribution of anterior knee pain, pain while kneeling, and results of the Lachman test in the two groups

at 1 month after surgery

No. (%)
Variables P
Group 1 Group 2 Total
Yes 29(69.0) 24(57.1) 53(63.1)
Anterior knee pain 0.25
No 13(31.0) 18(42.9) 31(39.3)
Yes 28(66.7) 23(54.8) 51(60.7)
Pain while kneeling 0.26
No 14(33.3) 19(45.2) 33(39.3)
0 38(90.5) 39(92.9) 77(91.7)
1 3(7.1) 2(4.8) 5(6.0)
Lachman test 0.99”
2 1(2.4) 1(2.4) 2(2.4)
0 0
3 0

"Chi-square test, “Fisher exact test.

neuromuscular training should be started as early as
possible. Wright et al. (2015) [24] and van Melick et
al. (2016) [25] reported that initial knee exercises after
ACL tear should be performed with full WB. On the
other hand, Logerstedt et al. (2017) recommended that
full post-operative WB along with exercises should start
immediately after the surgery if tolerated [23].
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Descriptively, pain while kneeling and pain in the front
of the knee one month after surgery was less in group
2, which may be the reason for the descriptive differ-
ence due to the time of weighting. However, it was not
statistically significant. The clinical outcomes of ACLR
significantly improved in each group during the study
time, and ACL repair similarly produced good results

Table 3. Comparison of IKDC and KOOS before surgery, 1, 3, and 6 months after surgery between the two groups

Mean1SD
Variables P
Group 1 Group 2

Before 68.9+4.6 70.6x4.9 0.11
1 month 84.5¢4.5 85.9+4.0 0.14
IKDC 3 months 90.613.2 89.9+2.5 0.33
6 months 92.1+3.6 92.2+2.9 0.89

P Pre<0.001, P =0.229,P . crou=0-152
Before 73.3¥1.8 73.4+2.1 0.77
1 month 87.6x2.7 87.413.0 0.77
KOOS 3 months 89.8+2.6 90.4+2.6 0.36
6 months 91.7+2.1 92.7+2.7 0.05

P Prne<0.001, P =0.385,P . crous=0-136

Archives of

IKDC: International knee documentation committee; KOOS: Knee injury, and osteoarthritis outcome score. Rehabilitation

Notes: Repeated measures analysis of variance.
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Figure 1. IKDC changes in three time points post-surgery Rehabilitation
IKDC: International knee documentation committee.
Figure 2. KOOS changes in three time points post-surgery Rehabilitation

KOOS: Knee injury, and osteoarthritis outcome score.
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in both weight-bearing situations. In other words, func-
tional clinical scores (IKDC, KOOS, and Lysholm) of
the knee post-ACLR in the two groups of full and par-
tial WB did not differ. In a study by Alsaad et al., there
was no functional difference between immediate and
delayed WB after ACLR, which is in line with our study
[26]. Meanwhile, Di Miceli et al. concluded that bracing
and delayed WB after ACLR had a negative effect on
long-term functional outcomes and patients in the ACLR
group who underwent full WB without a brace for four
weeks after surgery scored significantly better in IKDC
than patients who used a brace and delayed full WB.
Their finding is inconsistent with our study [27]. Tajima
et al. reported that the duration of non-WB in patients
after ACLR does not differ from their clinical outcomes;
in other words, there was no difference between patients
who did not bear weight for one week and patients who
did not bear weight for two weeks post-surgery [22]. Fan
et al. showed that the IKDC score was higher in patients
who had accelerated WB, but there was no statistical dif-
ference for Lysholm and KOOS scores at a follow-up
of 2 years [14]. Differences in sample size and duration
of follow-up, surgical method, and type of transplant
may be the reason for the difference in the results of the
studies. The multicenter ACL revision study group re-
ported that full WB without support is not a risk factor
affecting two-year outcomes, and WB can be initiated
immediately after surgery [15]. According to the recom-
mendations of the clinical guidelines of the American
Physical Therapy Association, initial WB does not harm
knee stability and function after ACLR [23].

Studies that are against early WB hold that early WB
causes knee instability. A review of radiological results
reported that early WB widens the femoral tunnel [22].
Taketomi stated that the pressure when putting weight
on the graft deepens the femoral tunnel, and the graft-
retaining wall becomes closer due to tension and causes
knee instability [28]. However, most of the studies state
that the widening of the bone tunnel does not clinically
cause laxity of the graft [29, 30]. The results of a sys-
tematic review published in 2022 showed that early WB
leads to more laxity and widening of the bone tunnel
than delayed WB, which clinically does not affect the
functional results, and they recommended that clinicians
should choose post-operative rehabilitation programs
carefully [14].

The strengths of the current study include its method-
ology and design as a randomized controlled clinical
trial with a control group, randomization, and blinding,
which reduced the potential for bias. Furthermore, we
used consolidated standards of reporting trials checklist.

Summer 2024. Vol 25. Num 2

Conclusion

The short-term clinical and functional outcomes of
WB immediately post-surgery without restrictions com-
pared to partial WB with a brace after ACLR do not
differ from each other. The present study showed that
immediate WB in a rehabilitation protocol after ACL
reconstruction is not harmful and does not have any ad-
verse effect on the results, so, there is no need to use a
brace immediately after surgery, and patients can bear
full weight if they can tolerate it.

Study limitations

This study faced some limitations. Although we made
every effort to consider all the confounding variables in
the two groups, we could not examine all these variables,
such as genetic status, activity intensity, compliance
with rehabilitation recommendations, and post-surgery
physiotherapy. Another limitation was the limited fol-
low-up of less than two years, as in many other similar
studies. The functional clinical results of the knee after
ACLR did not differ in the two study groups; however,
different results may be obtained in longer follow-ups.
Therefore, decision-making in this case should be done
with caution. In addition, the studies on this issue have
been very limited with a small statistical population. It
is recommended to conduct more studies with a larger
sample size and longer follow-up in the future.
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2. Partial

3. International Knee Documentation Committee (IKDC)
4. Knee Injury and Osteoarthritis Outcome Score (KOOS)
5. Lysholm Score

6. Random Allocation
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1. knee effusion
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7. Tendon stripper

8. Anteromedial portal technique

9. The femoral side was fixated by an EndoButton and the tibial side
was fixated by a MISBIO® absorbable interference screw.
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