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Background: Blood flow restriction training (BFRT) after anterior cruciate ligament reconstruction (ACLR) is rising in popularity
because of its benefits in reducing muscle atrophy and mitigating knee strength deficits.

Purpose: To investigate the impact BFRT has on adolescent knee strength after ACLR at 2 postoperative time points: at 3 months
and the time of return to sport (RTS).

Study Design: Cohort study; Level of evidence, 3.

Methods: A prospective intervention (BFRT) group was compared to an age-, sex-, and body mass index–matched retrospective
control group. Patients aged 12 to 18 years who underwent primary ACLR with a quadriceps tendon autograft were included.
Along with a traditional rehabilitation protocol, the BFRT group completed a standardized BFRT protocol (3 BFRT exercises per-
formed twice weekly for the initial 12 weeks postoperatively). Peak torque values for isometric knee extension and flexion strength
(at 3 months and RTS) and isokinetic strength at 180 deg/s (at RTS) as well as Pediatric International Knee Documentation Com-
mittee (Pedi-IKDC) scores were collected. Differences between the BFRT and control groups were compared with 2-way mixed
analysis of variance and 1-way analysis of variance.

Results: The BFRT group consisted of 16 patients (10 female; mean age, 14.84 6 1.6 years) who were matched to 16 patients in
the control group (10 female; mean age, 15.35 6 1.3 years). Regardless of the time point, the BFRT group demonstrated signif-
icantly higher isometric knee extension torque compared to the control group (2.15 6 0.12 N�m/kg [95% CI, 1.90-2.39] vs 1.74 6

0.12 N�m/kg [95% CI, 1.49-1.98], respectively; mean difference, 0.403 N�m/kg; P = .024). The BFRT group also reported signif-
icantly better Pedi-IKDC scores compared to the control group at both 3 months (68.91 6 9.68 vs 66.39 6 12.18, respectively)
and RTS (89.42 6 7.94 vs 72.79 6 22.81, respectively) (P = .047).

Conclusion: In adolescents, the addition of a standardized BFRT protocol to a traditional rehabilitation protocol after ACLR sig-
nificantly improved knee strength and patient-reported function compared to a traditional rehabilitation program alone.
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Adolescent athletes continue to demonstrate an increase in
the incidence of anterior cruciate ligament (ACL) injuries
and subsequent ACL reconstruction (ACLR).6,14,50,52,53 In
adolescents, outcomes after primary ACLR are suboptimal,

as many patients fail to reach their previous level of
activity4 or go on to develop chronic knee pain.38,57 Up to
a third of patients sustain a secondary ACL
injury.13,16,28,56,58 Additionally, restoring knee strength
and function is a priority after ACLR, but a concerning
number of patients do not achieve recommended knee
strength goals before returning to sport.17,18,54 Arthrogenic
quadriceps inhibition after an ACL injury continues to be
a barrier toward recovery, which makes it essential to
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investigate other strategies targeting quadriceps strength
restoration.44

Blood flow restriction training (BFRT) includes the appli-
cation of a pneumatic cuff or tourniquet on a limb to restrict
arterial inflow and occlude venous return. Combining this
induced hypoxic environment with exercise is thought to pro-
mote muscle hypertrophy through altered cell signaling,
increased protein synthesis, and stem cell proliferation.21,42

Traditionally, the recommended method to increase muscle
strength and muscle mass is through high-load resistance
training,2,10 but BFRT with low-load resistance may yield
similar improvements.35 In recent reviews, BFRT demon-
strated an increase in strength gains compared to standard
low-load resistance training.22,51 This establishes BFRT as
an attractive intervention for patients after ACLR, who
hold limitations for engaging in heavy-load resistance train-
ing during the early rehabilitation phase.

BFRT after ACLR has gained considerable popularity
as an attempt to mitigate lower extremity atrophy and
knee strength deficits during the postoperative period of
relative immobilization.21 While there is evidence of
BFRT being an effective intervention after ACLR,11 sys-
tematic reviews fail to strongly recommend BFRT because
of the heterogeneous populations and historically inconsis-
tent implementation parameters used in the litera-
ture.9,12,34,39 Recent clinical trials in adults after ACLR
have shown positive effects of BFRT using consistent per-
sonalized tourniquet systems, limb occlusion pressure
(LOP), and repetition schemes.23,26

Although evidence is building in support of BFRT in the
adult population, the effectiveness of BFRT in the adoles-
cent population after ACLR has not yet been studied.
The purpose of this study was to investigate the impact
of BFRT on knee strength and function at 3 months post-
operatively and at the time of return to sport (RTS). We
hypothesized that a 12-week BFRT protocol would improve
knee extension torque, knee extension strength symmetry,
and Pediatric International Knee Documentation Commit-
tee (Pedi-IKDC) scores both early (3 months) and late
(RTS) during the rehabilitation period.

METHODS

Participants

This prospective interventional clinical trial (Clinical-
Trials.gov registration No. NCT04285879) received

institutional review board approval. From January 2020
to August 2021, participants were recruited from a single
institution before undergoing ACLR performed by 1 of 2
board-certified orthopaedic sports medicine surgeons
(J.L.P. and A.E.C.). All patients who fit the inclusion and
exclusion criteria were approached for participation in
this study. All included patients or their parents/guardians
provided informed consent at their preoperative visit, and
the rights of the participants were protected.

All patients were between 12 and 18 years of age; under-
went primary ACLR using a quadriceps tendon autograft;
had no known history of central or peripheral neurological
impairments; and were free of any cardiac, pulmonary, or
metabolic conditions. Exclusion criteria comprised previous
surgical interventions either on the ipsilateral or contralat-
eral knee or a history of deep vein thrombosis. Patients with
concomitant meniscal repair requiring .2 weeks of weight-
bearing restrictions, multiligamentous injuries, and chon-
dral abnormalities were also excluded.

The prospective intervention group underwent BFRT in
addition to standard-of-care rehabilitation. These patients
were compared to matched controls from an organizational
database consisting of previously collected patients tested
with the same methods who underwent ACLR between
December 2017 and June 2021. For each patient in the
intervention group, a control patient was obtained by fil-
tering for inclusion and exclusion criteria, excluding those
who had utilized BFRT postoperatively, and matching, in
the following order, by (1) age (within 365 days), (2) sex,
and (3) body mass index.

Study Protocols

Patients in both the intervention and control groups were
prescribed a postoperative rehabilitation protocol and
were advised to attend supervised rehabilitation sessions.
The protocol, adapted from Adams et al,1 initially focused
on acute symptom management, restoring range of motion,
normalizing gait, and lower extremity strengthening
(available in the Appendix). Patients progressed to run-
ning, plyometric training, agility exercises, and sport-
specific drills according to this time- and criteria-based
protocol. The intervention group completed a standardized
BFRT protocol in addition to typical rehabilitation for the
initial 12 weeks at our institution. The control group
underwent standard-of-care rehabilitation at either our
institution or a community rehabilitation clinic.
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Blood Flow Restriction Application. BFRT was adminis-
tered using a personalized tourniquet system (Delfi Medi-
cal Innovations). At each physical therapy session, a limb
protection sleeve, followed by a 4.5 inch–wide contour
cuff, was placed on the most proximal portion of the
involved limb. LOP, or the minimum pressure required
for full arterial occlusion,43 was calculated automatically
with the patient in a supine position. BFRT was initiated
at 80% of the patient’s LOP,15,36 with a reduction up to
60% of the LOP24 for fatigue or poor tolerance.

Blood Flow Restriction Exercises. All patients in the
intervention group followed a standardized BFRT protocol
for 12 weeks postoperatively (Table 1) during their
scheduled physical therapy sessions. Patients initiated
BFRT at their second postoperative session, which
occurred within the first 2 weeks after surgery. This
program included 3 exercises per session, with 2 sessions
per week. Patients were required to complete a minimum
of 90% of scheduled sessions to be included in this
study.

Each BFRT exercise followed a 30-15-15-15 repetition
scheme, with 30 seconds of rest between each set.46 The
pneumatic cuff remained inflated for the duration of each
exercise (75 repetitions or 8 minutes) but was deflated
between each exercise. For all exercises, the rating of per-
ceived exertion of a 1-repetition maximum was estimated
with the modified OMNI-RES scale. This was used to
determine the initial resistance, which was approxi-
mately 20% to 30% of their 1-repetition maximum.49

Load progression for each exercise was based on the
patient’s ability to complete the prescribed number of rep-
etitions with a rating of perceived exertion of less than 7
of 10, and patients were monitored for adverse events
during and after each session.

Outcome Measures

Outcomes were collected at both early (3 months) and late
(RTS) stages of rehabilitation. All patients underwent
standardized testing that included range of motion exami-
nations, strength tests, dynamic movement assessments,
and patient-reported outcome measures. At early-stage
testing, patients completed the Pedi-IKDC form and iso-
metric knee extension and flexion strength tests. These
outcomes were collected again at late-stage testing, with

the addition of isokinetic knee extension and flexion
strength tests at 180 deg/s.

Knee Strength. Peak torque was assessed by an isoki-
netic dynamometer (HUMAC NORM; CSMi). Patients
were strap-stabilized in short sitting at 90� of hip flexion,
with the dynamometer arm secured proximal to the ankle
joint of the limb being tested. The contralateral/uninvolved
limb was measured first for all strength tests, and verbal
encouragement was provided throughout testing to encour-
age maximal effort. All test administrators were trained in
CSMi-standardized guidelines for the dynamometer. These
methods are reliable in quantifying quadriceps and ham-
string peak torque in adults20,55 and children.27

Isometric knee extension and flexion torque was mea-
sured at 60� of flexion. Patients completed 1 practice trial,
followed by 3 test trials, with a 5-second rest between each.
Knee extension strength was tested first, with patients
holding for a 5-second isometric contraction at each trial.
Peak torque was normalized to the patient’s body weight
(N�m/kg).

Isokinetic knee extension and flexion torque was
measured from 0� to 90�. Patients completed 3 practice tri-
als at 180 deg/s, followed by a 5-second rest, then
10 test trials. Similar to isometric strength outcomes, isoki-
netic peak torque values were normalized to body weight
(N�m/kg).

Knee Strength Symmetry. Isometric as well as isokinetic
knee extension and flexion normalized strength values
were represented as a limb symmetry index (LSI), or the
ratio between the ACLR and contralateral limbs. The LSI
was calculated by dividing the ACLR limb’s normalized
peak torque value by the contralateral limb’s normalized
peak torque value and multiplying by 100 to represent
symmetry as a percentage.

Patient-Reported Outcomes. The Pedi-IKDC is a 13-item
valid and reliable outcome scale measuring knee func-
tion.5,25,31 The questionnaire was administered before
each testing session.

Statistical Analysis

Descriptive statistics were calculated for all outcomes and
were reported as means and standard deviations with 95%
confidence intervals. Separate 2-way mixed analyses of
variance (ANOVAs) were conducted to determine the effect

TABLE 1
BFRT Protocola

Postoperative Time Exercises Per Session

1-2 wk (1) Quadriceps set/isometric, (2) side-lying hip abduction, (3) prone hip extension
3-4 wk (1) Long-arc quadriceps (90�-30�), (2) side-lying hip abduction, (3) single-leg leg press
5-6 wk (1) Long-arc quadriceps (90�-30�), (2) hip bridge, (3) single-leg leg press
7-8 wk (1) Step-up, (2) hip bridge, (3) single-leg leg press
9-10 wk (1) Split squat, (2) medial step-down, (3) single-leg leg press
11-12 wk (1) Split squat, (2) medial step-down, (3) single-leg leg press

aBFRT, blood flow restriction training.
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of BFRT versus standard-of-care rehabilitation on isomet-
ric knee strength and patient-reported function over
time. In the absence of interaction effects, main effects
were assessed. For variables captured only at the RTS
time point (ie, isokinetic strength), a single 1-way ANOVA
was conducted to determine group differences. Dependent
variables included isometric knee extension and flexion
strength for the ACLR and contralateral limbs, LSI for iso-
metric knee extension and flexion strength for the ACLR
and contralateral limbs, isokinetic knee extension and flex-
ion strength for the ACLR and contralateral limbs, LSI for
isokinetic knee extension and flexion strength for the
ACLR and contralateral limbs, and Pedi-IKDC scores. All
data were normally distributed, and the alpha level was
set to \.05.

RESULTS

A total of 35 patients consented to participate in this study.
Patients were excluded because of arthrofibrosis/cyclops
lesions (n = 4), postoperative weightbearing restrictions
(n = 4), no ACL tear (n = 1), and less than 90% of scheduled
BFRT sessions completed (n = 10). Thus, the BFRT group
of 16 patients (10 female; mean age, 14.84 6 1.6 years)
was age-, sex-, and body mass index–matched to 16
patients in the control group (10 female; mean age, 15.35
6 1.3 years) (Table 2). The BFRT group had 15 patients
who participated in a level 1 sport (jumping, frequent piv-
oting, hard cutting)19 versus 14 in the control group (Table
2). The BFRT group had an adherence rate of 94% for their
scheduled therapy sessions. The first BFRT session
occurred at a mean of 8.4 days postoperatively.

Two-Way Mixed ANOVA for Isometric Knee Strength
and Patient-Reported Outcomes

The results of all strength and patient-reported outcome
variables at both testing time points can be found in Table
3. There was a significant main effect for time for all vari-
ables except the contralateral limb’s isometric knee exten-
sion strength.

Isometric Knee Extension Strength for ACLR Limb.
There was a main effect for group, showing a significant
difference in the ACLR limb’s isometric knee extension
strength between the BFRT and control groups (F(1,30) =
5.648; P = .024; partial h2 = 0.158). The BFRT group dem-
onstrated 0.403-N�m/kg (95% CI, 0.507-0.750) higher iso-
metric strength for the ACLR limb compared to the
control group.

Isometric Knee Extension Strength for Contralateral
Limb. There was a main effect for group, showing a signif-
icant difference in the contralateral limb’s isometric knee
extension strength between the BFRT and control groups
(F(1,30) = 7.255; P = .011; partial h2 = 0.195). The BFRT
group demonstrated 0.510-N�m/kg (95% CI, 0.123-0.897)
higher isometric strength for the contralateral limb com-
pared to the control group.

LSI for Isometric Knee Extension Strength. There was
not a significant main effect for group. The BFRT group
demonstrated a 2.41% (95% CI, –10.01% to 14.83%) mean
difference in isometric knee extension strength symmetry
compared to the control group.

Isometric Knee Flexion Strength for ACLR Limb. There
was a main effect for group, showing a significant differ-
ence in the ACLR limb’s isometric knee flexion strength
between the BFRT and control groups (F(1,30) = 7.040;
P = .013; partial h2 = 0.190). The BFRT group demon-
strated 0.267-N�m/kg (95% CI, 0.062-0.473) higher isometric
strength for the ACLR limb compared to the control group.

Isometric Knee Flexion Strength for Contralateral Limb.
There was a main effect for group, showing a significant

TABLE 2
Patient Characteristicsa

BFRT Group
(n = 16)

Control Group
(n = 16)

Female sex 10 (62.5) 10 (62.5)
Age, y 14.84 6 1.6 15.35 6 1.3
Height, cm 166.80 6 6.6 167.32 6 10.7
Weight, kg 64.32 6 14.4 66.51 6 17.2
Level 1 sport 15 (93.8) 14 (87.5)
Time to 3-mo testing, d 94.31 6 5.8 105.12 6 34.9
Time to RTS testing, d 254.94 6 33.2 250.81 6 63.8

aData are reported as mean 6 SD or n (%). BFRT, blood flow
restriction training; RTS, return to sport.

TABLE 3
Isometric Knee Strength and Patient-Reported Outcomesa

BFRT Group Control Group

Isometric knee extension strength

ACLR limb, N�m/kg

3 mo 1.83 6 0.35 (1.59-2.08) 1.44 6 0.57 (1.19-1.68)

RTS 2.45 6 0.64 (2.17-2.75) 2.04 6 0.47 (1.76-2.33)

Contralateral limb, N�m/kg

3 mo 2.75 6 0.57 (2.48-3.03) 2.18 6 0.50 (1.91-2.46)

RTS 2.84 6 0.73 (2.50-3.19) 2.40 6 0.62 (2.05-2.75)

LSI, %

3 mo 68.02 6 13.94 (58.58-77.45) 65.64 6 22.09 (56.21-75.08)

RTS 89.53 6 27.74 (77.95-101.11) 87.07 6 16.12 (75.48-98.66)

Isometric knee flexion strength

ACLR limb, N�m/kg

3 mo 1.20 6 0.42 (1.00-1.40) 0.98 6 0.35 (0.79-1.19)

RTS 1.53 6 0.30 (1.38-1.67) 1.20 6 0.25 (1.06-1.35)

Contralateral limb, N�m/kg

3 mo 1.15 6 0.51 (0.95-1.36) 0.87 6 0.25 (0.67-1.08)

RTS 1.61 6 0.40 (1.43-1.78) 1.33 6 0.28 (1.15-1.51)

LSI, %

3 mo 108.32 6 21.41 (93.40-123.25) 115.39 6 35.36 (100.46-130.32)

RTS 96.74 6 11.68 (88.65-104.82) 92.68 6 19.11 (84.59-100.76)

Pedi-IKDC score

3 mo 68.91 6 9.68 (63.29-74.53) 66.39 6 12.18 (60.77-72.01)

RTS 89.42 6 7.94 (80.69-98.14) 72.79 6 22.81 (64.07-81.52)

aData are reported as mean 6 SD (95% CI). ACLR, anterior cruciate lig-

ament reconstruction; BFRT, blood flow restriction training; LSI, limb sym-

metry index; Pedi-IKDC, Pediatric International Knee Documentation

Committee; RTS, return to sport.
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difference in the contralateral limb’s isometric knee flexion
strength between the BFRT and control groups (F(1,30) =
6.202; P = .019; partial h2 = 0.171). The BFRT group dem-
onstrated 0.275-N�m/kg (95% CI, 0.049-0.500) higher iso-
metric strength for the contralateral limb compared to
the control group.

LSI for Isometric Knee Flexion Strength. There was not
a significant main effect for group. The BFRT group dem-
onstrated less isometric knee flexion strength symmetry
(mean difference [MD], –1.50% [95% CI, –13.07% to
10.70%]) compared to the control group.

Pedi-IDKC Score. There was a significant interaction
effect between group and time on patient-reported knee
function (F(1,30) = 4.296; P = .047; partial h2 = 0.125).
There were also significant main effects for group and
time. The BFRT group demonstrated better Pedi-IKDC
scores compared to the control group (MD, 9.67 [95% CI,
1.86-17.27]). The main effect for time demonstrated that
there was a significant improvement in Pedi-IKDC scores
over time (F(1,30) = 15.65; P \ .001), with an MD of
13.45 (95% CI, 6.50-20.40) between 3 months and RTS.

One-Way ANOVA for Isokinetic Knee Strength

Regarding isokinetic testing at the time of RTS, the BFRT
group demonstrated significantly higher knee extension
strength at 180 deg/s for the ACLR limb (F(1,30) = 5.034;
P = .032; v2 = 0.112) and higher knee flexion strength at
180 deg/s for the ACLR limb (F(1,30) = 10.618; P = .003;
v2 = 0.121) compared to the control group (Table 4). There
was also a significant difference between the BFRT and
control groups in the LSI for knee flexion strength at 180
deg/s (101.43% vs 90.19%, respectively; P = .027).

DISCUSSION

The overall aim of this study was to investigate the impact
of BFRT on knee strength after ACLR at 3 months and the
time of RTS. There is mounting evidence to suggest that
early restoration of knee extension strength can lead to
improved knee function later in rehabilitation.8,29 We

hypothesized that a 12-week BFRT protocol would improve
knee extension strength, strength symmetry, and patient-
reported function at both early (3 months) and late (RTS)
stages of rehabilitation. Despite not observing a significant
interaction effect between group and time, the results of
our study suggest that BFRT was a viable intervention to
address isometric knee extension peak torque in the
ACLR limb and the contralateral limb after ACLR.

Regardless of the time point, patients who received
BFRT demonstrated 0.403-N�m/kg higher isometric knee
extension peak torque in the ACLR limb compared to
patients in the control group (Table 3). Additionally,
regardless of time, the BFRT group also showed 0.510-
N�m/kg higher isometric knee extension peak torque in
the contralateral limb compared to the control group
(Table 3). Previous literature has suggested that BFRT
may induce a systemic effect on strength gains in the con-
tralateral extremity.7 This was consistent with our results,
as both the ACLR limb and the contralateral limb demon-
strated improved isometric knee extension strength.
Together, these data suggest that BFRT during the early
phases of rehabilitation can demonstrate strength
improvements that are retained at both 3 months and
RTS in patients after ACLR. This is notable, as Toole
et al54 reported on young patients at the time of RTS after
ACLR, stating that only 44% met recommended knee
extension strength goals. Our results show a clinically rel-
evant difference of 20% greater isometric knee extension
peak torque and 23% greater isokinetic knee extension
peak torque in the BFRT group’s ACLR limb compared to
the control group. These strength benefits appear similar
to those seen in adults. Our findings corroborate previous
work that reported that 86% of adults who completed
BFRT after knee surgery demonstrated a 20% increase in
isometric knee extension torque.45

Although commonly assessed, knee extension strength
symmetry should not be used as a stand-alone metric for
RTS clearance.59 The contralateral limb is known to be
deconditioned during recovery after ACLR, resulting in
a more symmetrical LSI and potentially misguiding clini-
cians on the patient’s true baseline strength.32 The find-
ings of our study show a comparable knee extension
strength improvement in both the ACLR limb and the

TABLE 4
Isokinetic Knee Strength at RTSa

BFRT Group Control Group P

Isokinetic knee extension strength at 180 deg/s
ACLR limb, N�m/kg 1.24 6 0.27 (1.09-1.39) 1.01 6 0.32 (0.83-1.17) .032
Contralateral limb, N�m/kg 1.46 6 0.36 (1.26-1.65) 1.23 6 0.35 (1.04-1.42) .083
LSI, % 87.51 6 19.99 (76.85-98.16) 81.87 6 17.44 (72.58-91.17) .403

Isokinetic knee flexion strength at 180 deg/s
ACLR limb, N�m/kg 1.10 6 0.21 (0.99-1.21) 0.85 6 0.23 (0.72-0.97) .003

Contralateral limb, N�m/kg 1.09 6 0.25 (0.96-1.23) 0.94 6 0.26 (0.81-1.08) .104
LSI, % 101.43 6 10.06 (96.07-106.79) 90.19 6 14.61 (81.40-98.99) .027

aData are reported as mean 6 SD (95% CI). Boldface P values indicate a statistically significant difference between groups (P \ .05).
ACLR, anterior cruciate ligament reconstruction; BFRT, blood flow restriction training; LSI, limb symmetry index; RTS, return to sport.
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contralateral limb in the BFRT group, with no difference in
the LSI between groups. Assessing strength by normaliz-
ing peak torque to the patient’s body weight may be better
than the LSI in predicting the restoration of function after
ACLR47 and provides clinicians with an additional metric
besides the LSI to assess strength recovery.

Patient-reported function is a common RTS criterion
that young adolescents often do not adequately achieve
after ACLR.54 The BFRT group in our study demonstrated
improved self-reported function (Pedi-IKDC) compared to
the control group and significant improvements in Pedi-
IKDC scores over time. These results highlight BFRT as
a potential intervention early in rehabilitation that can
lead to improved subjective outcomes throughout the
course of rehabilitation, such as decreased symptoms,
increased activity, and improved knee function.

Young adolescents have the highest risk for secondary
ACL injuries,33 resulting in a call for increased efforts
toward pediatric- and adolescent-specific ACL research.3

BFRT in adults after ACLR has gained significant popular-
ity in recent literature.30 Although BFRT has been utilized
in healthy adolescents,40 no previous studies have investi-
gated BFRT and clinical outcomes in adolescents after
ACLR. The results of this study are consistent with those
of previous literature that has highlighted the positive
influence of BFRT on knee extension strength in adults
after ACLR.23

A consensus regarding the effectiveness of BFRT on
knee strength after ACLR has not been established, as
recent reviews recommend future studies to prioritize
patient homogeneity, utilize long-term subjective out-
comes, and standardize BFRT parameters.12,30,39 This
study adds to the current body of evidence as the first trial
investigating the impact of BFRT on outcomes in adoles-
cents after ACLR using a reproducible BFRT protocol
and including late-stage RTS subjective and objective
data. Our protocol replicated the personalized tourniquet
systems, LOP, and repetition schemes that have demon-
strated a positive effect in adults after ACLR.23,26 These
results provide further guidance to clinicians when making
clinical decisions regarding the appropriate dosage and
parameters of BFRT.

Although there is only scarce literature available on the
safety of and tolerance to BFRT in the adolescent popula-
tion,48 it is worthwhile to note the absence of any signifi-
cant adverse events in our study. BFRT was started
acutely (mean, 8.4 days) after ACLR and tolerated by
patients ranging in age from 12 to 18 years. This aligns
with relatively good tolerance to BFRT reported in the
adult population,37,41,60 which should not be considered
a barrier to further investigations on the efficacy of
BFRT in young adolescents.

Limitations

The main limitation of this study was the lack of a prospec-
tive control group. Originally designed as a 2-arm trial,
a significant number of enrolled controls were lost to fol-
low-up, as this study occurred during the height of the

COVID-19 pandemic. Although there was no difference in
sport levels between groups, a possibility of recruitment
bias exists, as we did not record the number of eligible
patients who declined to participate in our intervention
group. Additionally, only patients who successfully com-
pleted 90% of scheduled BFRT sessions were included in
this analysis, potentially excluding patients from the inter-
vention group who were inconsistent with formal rehabili-
tation or sustained postsurgical complications. Physical
therapy initiation and compliance were not accounted for
in our control group. No claims can be made regarding
the effect of BFRT on skeletally immature patients, as
only chronological age was recorded and not bone age.

CONCLUSION

In adolescents, the addition of a standardized 12-week
BFRT protocol to a traditional rehabilitation protocol after
ACLR improved isometric and isokinetic knee extension
strength throughout recovery compared to a control
group. Adolescents undergoing ACLR may benefit from
BFRT in the early phases of rehabilitation to address
both short- and long-term knee strength deficits and
improve subjective knee function. Continued investigation
in this high-risk adolescent population is needed to further
determine the efficacy of BFRT on knee strength. Future
randomized trials should examine the optimal frequency
and duration of BFRT after ACLR in this population to
assist with clinical integration and utility.

Supplemental Material for this article is available at https://journals

.sagepub.com/doi/full/10.1177/23259671231213034#supplementary-

materials.
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