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Background  
Research evaluating the effectiveness of blood flow restriction training (BFRT) in patients 
post anterior cruciate ligament (ACL) injury is growing, but the application of BFRT 
within clinical settings remains unknown. Understanding how BFRT is used in the 
pediatric and adolescent populations and what exercise prescription is followed is 
necessary to discern if there is concordance between research and clinical practice. 

Hypothesis/Purpose  
To describe the influence of patient clinical presentation on BFRT use in pediatric and 
adolescent patients after anterior cruciate ligament reconstruction. 

Study Design   
Cross-sectional survey study 

Methods  
A web-based survey was sent to physical therapists (PTs) who treat pediatric and 
adolescent patients after ACL injury, via social media and email sent out by rehabilitation 
continuing education providers. Case vignettes were utilized to understand clinical 
decisions related to BFRT utilization. Descriptive statistics were utilized to summarize 
frequency of responses. 

Results  
One hundred forty-seven PTs fully completed the survey. Nearly half (55%) of 
participants indicated they would not use BFRT on younger patients, mostly out of 
concern for patient tolerance (90%). Pain impacted BFRT application for 71% of 
participants, with only 19% of clinicians using BFRT with patients reporting pain greater 
than 6/10. Postoperatively, participants were most likely to initiate BFRT at week 4 with 
this population (97%), while only 52% of participants indicated that they have defined 
criteria for discontinuing BFRT. 
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Conclusion  
Younger age, pain, and time from surgery influenced decision making. There were no 
consistent criteria utilized to determine proper timing to discontinue use of BFRT. These 
findings support the need for additional research to identify optimal BFRT application 
within common clinical scenarios, which will help standardize practice and support 
clinical decision making when utilizing BFRT in adolescents after ACL reconstruction. 

Level of Evidence    
3 

INTRODUCTION 

Over the past 20 years, Anterior Cruciate Ligament (ACL) 
injuries have risen significantly among school-aged chil
dren and adolescents, with an estimated 121 injuries per 
100,000 annually.1 Injury rates peak in both girls and boys 
during high school, with girls reaching a rate of 392 per 
100,000 person-years at age 16 and boys a rate of 422 per 
100,000 at age 17.1 In children and adolescents, surgical 
treatment has been shown to be more favorable with less 
likelihood of a future meniscal tear or instability and im
proved ability to return to prior level of play when com
pared with conservative management.2 

Following Anterior Cruciate Ligament Reconstruction 
(ACLR) as few as 73% of adolescents are able to return to 
their primary preinjury sport within two years following 
ACLR.3 More troubling is that for those who do return, 
nearly one third will sustain a second ACL injury.4 Though 
successful outcomes following ACLR are multifactorial, 
restoring the strength of the knee extensors is a key com
ponent of post-operative rehabilitation. In the short-term, 
symmetrical knee extensor strength has been linked to pa
tients’ ability to return to sports and to reduced secondary 
injury risk.5‑7 In the long term, more symmetrical strength 
of the knee extensors is associated with improved overall 
knee health and physical activity.8,9 Unfortunately, the 
restoration of knee extensor strength remains one of the 
more challenging aspects of ACL rehabilitation.10 For this 
reason, finding which interventions can most effectively re
store post-operative strength of the knee extensors is criti
cal. 

Blood flow restriction training (BFRT) is an adjunct to 
strength training that has grown in popularity amongst 
physical therapists (PTs) used to facilitate strength recov
ery after ACLR. BFRT uses a cuff or tourniquet on a limb 
to reduce arterial inflow and occlude venous return. Thus, 
creating a hypoxic environment with exercise that has been 
theorized to promote muscle hypertrophy through altered 
cell signaling, increased protein synthesis, and stem cell 
proliferation.11 Several studies have shown that performing 
low load resistance training with BFRT can increase muscle 
strength and hypertrophy following ACLR in adults.12‑14 

There is also preliminary evidence suggesting that BFRT 
may be beneficial in the adolescent population, as BFRT 
groups showed higher isometric knee extension peak 
torque at both three months post operatively and during re
turn to sport testing on both the ACLR and uninjured limbs 
than control groups.15 

While research evaluating the effectiveness of BFRT is 
growing, the specifics regarding application of BFRT within 
clinical settings remains unknown. Understanding how 
BFRT is used and what exercise prescription is followed in 
the pediatric and adolescent population is necessary to un
derstand if there is concordance between research and clin
ical practice. Therefore, the purpose of this study was to 
describe the influence of patient clinical presentation on 
BFRT use and exercise prescription in pediatric and adoles
cent patients after ACLR. 

METHODS 

SURVEY DEVELOPMENT 

A team of three PTs (N.G.G, E.M.G, L.S.B) collaborated to 
develop an electronic survey using REDCap electronic data 
capture tools.16,17 Each of the developers had greater than 
15 years of physical therapy experience with adolescents 
following ACLR and were BFRT certified (N.G.G. and E.M.G. 
through Owen’s Recovery Science and L.S.B. with Smart 
Tools). Development of the survey started with identifying 
key patient presentations specific to ACLR rehabilitation 
that may impact decision making regarding the prescrip
tion of BFRT. Following initial survey development, the sur
vey was pilot tested with three additional PTs represen
tative of the target sample. Feedback was collected and 
modifications were made to improve clarity and reduce 
completion time. 

The final survey consisted of three sections: (1) clinician 
demographics and clinical practice settings, (2) BFRT train
ing or educational coursework, and (3) clinical decisions re
lated to BFRT prescription in response to patient-specific 
factors such as age, pain, time from surgery, weight bearing 
status, effusion and range of motion (ROM). To understand 
clinical decisions, participants were presented with a series 
of case vignettes that varied in patient factors that may af
fect BFRT prescription. Case vignettes are detailed in Table 
1, with the full survey available in the Appendix. The survey 
took approximately 10 minutes to complete. 

PARTICIPANTS 

A convenience sample of PTs who rehabilitate pediatric and 
adolescent patients after ACLR were recruited for partici
pation via email and social media. Rehabilitation contin
uing education providers sent out an email with the link 
to the REDCap survey and study flyers were posted on so
cial media. Participants were encouraged to share the study 
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Table 1. Summary of Case Vignettes     

Case 
Vignette 

Time from 
surgery 

Initial Conditions Modified Conditions 

Case 1 Pre-operative No Meniscal 
Pathology 
WBAT 
Full pain free PROM 
No effusion 

Modifier 1: ROM limitations with flexion limited to 70 degrees and extension lacking 
15 degrees 
Modifier 2: Greater than trace effusion 
Modifier 3: Meniscal tear/cartilage defect affecting weight bearing status (NWB) 

Case 2 3 days after 
ACLR 

No Meniscal 
Pathology 
WBAT 
Knee PROM 
0-5-100 
2+ effusion 

Modifier 1: ROM limitations with flexion limited to 70 degrees and extension lacking 
15 degrees 
Modifier 2: Greater than 2+ effusion 
Modifier 3: Meniscal tear/cartilage defect affecting weight bearing status (NWB) 

Case 3 Week 4 after 
ACLR 

No Meniscal 
Pathology 
WBAT 
Knee PROM 
5-0-120 
Trace effusion 

Modifier 1: ROM limitations with flexion limited to 70 degrees and extension lacking 
15 degrees 
Modifier 2: Greater than trace effusion 
Modifier 3: Meniscal tear/cartilage defect affecting weight bearing status (NWB) 

WBAT=weight bearing as tolerated, PROM=passive range of motion, NWB=non weight bearing, ROM=range of motion ACLR=anterior cruciate ligament reconstruction 

flyer with their peers, facilitating snowball sampling. All re
sponses were anonymous and no identifiable information 
was collected during the survey. This study received ap
proval from the primary authors institutional review board. 

STATISTICAL ANALYSIS 

Descriptive statistics were utilized to summarize frequency 
of responses. Data were analyzed by comparing frequency 
distribution among survey responses using Microsoft Excel 
2016. 

RESULTS 

PARTICIPANT DEMOGRAPHICS AND EXPERIENCE 

The survey was opened by 215 participants, with 147 PTs 
completing the entire survey. There was a diverse represen
tation of geographic regions, practice settings and years of 
PT experience among the participants. Participants’ demo
graphic and experience profiles are shown in Table 2. 

AGE-RELATED DECISION MAKING 

A total of 55% of participants indicated that they would 
not use BFRT on younger patients. Among those, 90% cited 
concerns related to patient tolerance, 79% reported con
cerns of patient fear or anxiety, 22% noted concerns with 
pubertal stage or hormonal factors, and 15% expressed con
cern about potential damage to open growth plates (Figure 
1). 

PAIN-RELATED DECISION MAKING 

When asked if pain impacted choice regarding BFRT appli
cation, 71% of participants responded yes. While, 91% in
dicated that they would use BFRT when there was no pain, 
increasing pain levels on the numeric pain rating scale re
sulted in decreased frequency of BFRT use. A total of 88% 

would use BFRT with pain ranges of 1-3/10, 64% with a pain 
range of 4-6/10, and 19% when pain level was greater than 
6/10 (Figure 2). 

PREOPERATIVE USE OF BFRT 

Preoperative BFRT utilization was reported by 78% of par
ticipants (Figure 3). Patient characteristics related to knee 
effusion were most influential in BFRT utilization pre-oper
atively, with 63% of respondents indicating the presence of 
a knee effusion would move them to not utilize BFRT. ROM 
limitations were less influential, as 77% of participants who 
prescribed BFRT preoperatively would continue to use it de
spite ROM limitations of flexion to 70 degrees and exten
sion lacking 15 degrees. 

POSTOPERATIVE USE OF BFRT 

Postoperative prescription patterns varied across time 
points. Participants were most likely to use BFRT at week 4 
postoperatively (97%), followed by week 13 (69%), and least 
likely on postoperative day 3 (41%) (Figure 3). BFRT uti
lization was affected by level of knee effusion during the 
early recovery period after surgery. At postoperative day 3, 
53% of participants who reported using BFRT at this time 
point, would discontinue use of BFRT if the patient had a 
knee effusion of 2+ or more. Similar to preoperative trends, 
88% of those prescribing BFRT at postoperative day 3 and 
week 4 reported they would continue use despite ROM lim
itations. BFRT use was generally consistent regardless of 
weightbearing status; only 3% of participants reported that 
they would modify BFRT use if a patient were non-weight
bearing compared to weightbearing as tolerated. 

DISCONTINUATION OF BFRT 

Only 52% of participants indicated that they have defined 
criteria for discontinuing BFRT. Among those, quadriceps 
strength limb symmetry index (LSI) thresholds commonly 
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Table 2. Participant demographics and experience     

Region of practice n (%) 

East Coast (USA) 44 (30) 

South (USA) 41 (28) 

Midwest (USA) 42 (30) 

West Coast (USA) 17 (12) 

International (Outside of USA) 3 (2) 

Practice Setting 

Private Practice 90 (61) 

Hospital Based 51 (35) 

College/University Athletic Training Room 6 (4) 

Years of experience 

Less than 5 years 48 (33) 

6-10 years 42 (29) 

11-15 years 13 (9) 

Greater than 15 years 44 (30) 

APTA board certified specialist 

Sports Certified Specialist 24 (16) 

Orthopedic Certified Specialist 60 (41) 

Other 1 (1) 

No APTA specialty certification 62 (42) 

Number of ACL patients rehabilitated per year 

1-5 29 (20) 

6-10 50 (34) 

11-20 29 (20) 

Greater than 20 39 (27) 

Percentage of ACL patients treated that are skeletally 
immature 

Less than 25% 49 (33) 

25-49% 64 (44) 

50-75% 24 (16) 

Greater than 75% 10 (7) 

Learned about BFRT in entry-level educational training 

Yes 29 (20) 

No 118 (80) 

Taken formal coursework or continuing education for 
BFRT 

Yes 103 (70) 

No 44 (30) 

BFRT continuing education course taken 

Owens Recovery Science 68 (66) 

Smart Tools (Smart Cuffs) 14 (14) 

Mike Reinold & Dan Lorenz 1 (1) 

Northeast Seminars 1 (1) 

Other 19 (19) 

Frequency BFRT used with patients following ACLR 

Never 3 (2) 

Seldom (<25 %) 4 (3) 

Sometimes (25-49%) 20 (14) 

Often (50-75%) 35 (24) 

Almost always (> 75%) 85 (58) 

APTA=American Physical Therapy Association, ACL=anterior cruciate ligament, 
BFRT=blood flow restriction training 

guided discontinuation with 18% discontinuing at >70% 
LSI, 37% at >80%, and 33% at >90% LSI. Smaller propor
tions reported thresholds of >60%, >50%, or 100% LSI (each 
4%). Additionally, 54% of respondents stated they would 

Figure 1. Responses for factors that would lead to        
Physical Therapists not using blood flow restriction        
training in adolescents following ACL reconstruction       
for those that responded that age impacted use of          
blood flow restriction training (n = 81).        

Figure 2. Responses of Physical Therapists for patient       
reported pain levels that would cause them to not use           
blood flow restriction training for those that        
responded that pain impacted use of blood flow         
restriction training (n=104).    

Figure 3. Responses of Physical Therapists that would       
prescribe blood flow restriction training to patients        
with typical clinical presentation at various time        
points during the ACL rehabilitation process (n=147).        

discontinue BFRT once the patient demonstrated good 
movement quality conducive to external loading. 
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DISCUSSION 

The results of this study revealed that patient age, joint 
effusion and time from surgery were important considera
tions that impacted PTs decisions on use and prescription 
of BFRT in pediatric and adolescent patients. Interestingly, 
changes in knee ROM and weight bearing status did not af
fect BFRT prescription patterns. While other studies have 
surveyed practitioners about their use of BFRT, to the au
thors knowledge, this is the first to examine clinical deci
sion making as it relates to the intervention.18‑21 

Regarding age, concerns related to patient tolerance, 
fear, and anxiety were the clinical factors that deterred the 
majority of PTs from prescribing BFRT. Though evidence of 
patient tolerance is limited in the adolescent population, a 
small cohort of adolescent patients following ACLR showed 
good tolerance to BFRT.22 In this study 29 subjects under
went 535 BFRT sessions with only 56 (10.47%) occurrences 
of being unable to finish the treatment session and only 19 
(3.55%) needing to decrease limb occlusion pressure. Fur
thermore, the authors identified a limitation in how inabil
ity to finish was defined, which included voluntary stop
page of exercise by the patient or the inability to complete 
all 75 repetitions in eight minutes. Which may have caused 
an overestimation of patient intolerance. While it was a 
small study, it does offer preliminary evidence that BFRT 
may be well tolerated among this population. 

PT concerns related to physiological development and 
hormones also appeared to influence decision making. 
While the results of the current study are unable to eluci
date why PTs altered their BFRT prescription decisions, the 
authors hypothesize these decisions may be based on sev
eral factors. One factor may be the known differences in 
how strength is attained from childhood to adulthood. Prior 
to puberty, low levels of testosterone, growth hormone, 
and insulin-like growth factor limit the ability to increase 
muscle size.23 At this point in development, increases in 
strength come primarily from an increase in the number 
of motor units activated.24 In a healthy adult population, 
BFRT has been shown to increase the activity of motor units 
with higher action potential amplitudes, which could offer 
benefits to youth patients using this intervention.25 How
ever, there are no studies exploring this mechanism of ac
tion within children or adolescents. PTs also demonstrated 
disagreement on BFRT prescription with consideration to 
the presence of open growth plates. Open growth plates are 
precautions for modalities such as ultrasound and electri
cal stimulation, but at this time there is no consensus as 
to whether open growth plates should serve as a precau
tion or contraindication to BFRT.26 Metabolic, hormonal, 
and hematologic abnormalities can cause growth arrest and 
are a valid concern for the long-term safety of BFRT use. 
Research has indicated that use of BFRT may be associated 
with alterations of concentration of testosterone, growth 
factor and insulin-like growth factor in adult male popu
lations.27 Once again, this effect of BFRT has not been di
rectly studied in children or adolescents and may represent 
a valid concern for side-effects within developing athletes. 
However, it should be noted that the hormonal changes 

with BFRT have been shown to be similar to those in high 
load resistance training which the National Strength and 
Conditioning Association recommends for school aged chil
dren.28,29 Together, these findings illustrate a need for fu
ture studies focused on younger populations to fully un
derstand the effects of these factors and to establish a 
complete safety profile for BFRT in this population. 

The perception of pain was another clinical factor that 
impacted BFRT prescription for a high percentage of par
ticipants. Participants reported that they would use BFRT 
with patients who reported minimal or no pain more fre
quently than they would for patients with higher levels of 
pain. This finding contrasts with the literature which shows 
reductions in knee pain during BFRT use and 24 hours after 
the intervention in patients following ACLR.30,31 With 70% 
of participants having formal BFRT training, it is surprising 
that this disconnect exists. This may highlight an impor
tant area for BFRT education improvement targeting effec
tiveness of this intervention for pain reduction. However, 
this finding may also highlight the issues of knowledge 
translation with practitioners not aware of most recent evi
dence surrounding BFRT use in pain management. 

Many researchers have attempted to identify the optimal 
time frame for initiating BFRT after ACLR, however no con
sensus currently exists.32 The lack of specific guidelines 
seems to be reflected in this study’s results showing sig
nificant variability in how PTs use BFRT when time from 
surgery was manipulated. The majority of PTs indicated 
they would use BFRT beginning at post-op week 4. While 
the authors cannot ascertain motivating factors for pre
scription in the current study, it is hypothesized that the 
decision to initiate BFRT at this time point, may be related 
to PTs tendency to adjust use of BFRT based on patient 
pain levels. Around post-op week 4 most of the acute effects 
of post-surgical pain have resolved, which may make PTs 
more likely to initiate BFRT at this time. It is interesting 
that approximately half of participants would use BFRT be
ginning on post-operative day 3. Although practical bar
riers, such as difficulty scheduling patients early after 
surgery may limit BFRT prescription this early in recovery, 
some studies have shown a beneficial effect.13,33 Future 
studies exploring optimal timing for post-operative initia
tion of BFRT within the adolescent population are needed 
to guide clinicians and optimize clinical practice. 

The presence of knee joint effusion had a relatively 
strong impact on BFRT decision-making with a range of 
27-53% of participants opting to not utilize BFRT when the 
patient case was manipulated to present with knee effusion 
at various post-operative time points. While there is litera
ture demonstrating in adults that eight weeks of BFRT may 
reduce knee effusion compared to high-load training, the 
clinicians’ decision to utilize BFRT in the presence of ef
fusion may be based on several other factors and may re
flect a preference to direct treatment for effusion more to
wards traditional modalities like electrical stimulation and 
cryotherapy.12,34‑36 Interestingly, knee ROM limitations 
had a limited influence on BFRT utilization, with fewer 
than one quarter of participants adjusting BFRT prescrip
tion due to post-operative ROM deficits. Although the ef
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fects of BFRT on ROM post-ACLR are not well studied, 
evidence from meniscectomy patients suggests BFRT may 
improve ROM, indicating a need for further research in the 
ACLR population.37 

Finally, there was considerable variation noted for crite
ria to discontinue the use of BFRT, with approximately half 
of the sample reporting using no criteria to make this deter
mination. The most widely cited use for BFRT within reha
bilitation is the ability to provide a strengthening stimulus 
when a patient is unable to safely engage in strength train
ing with adequate loads (>70% 1 rep max). Experts recom
mend that practitioners should defer to high load strength 
training once the patient is able to safely tolerate this level 
of training.38 However, specific guidance on what patient 
characteristics indicate readiness for cessation of BFRT is 
lacking in the literature, which may explain why clinicians 
within the current study showed large variation and limited 
agreement in practical consideration of stopping the use of 
BFRT. Future research should seek to identify optimal du
ration for BFRT use and establish clinically accessible cri
teria to guide decision making for discontinuing this inter
vention after ACLR. 

LIMITATIONS 

This study is not without limitations. The survey used did 
not have a reliability analysis or content validity estab
lished, thus it is unknown if participants answered the 
questions as intended, potentially impacting the internal 
validity of the study. Because the purpose of this study was 
to describe the influence of patient clinical presentation on 
BFRT use, the authors did not account for the type of BFRT 
system, cuff style, width or length. These factors may have 
played a role in the PTs decision use BFRT as these factors 
shown to achieve venous occlusion with the lowest possi
ble pressure which is considered to be safest for BFRT.39 

Similarly, the cases did not indicate if there were specific 
monitoring protocols for physeal stress which may have im
pacted the results of this study. The authors used a sam
pling methodology of emailing via continuing education 
resources and snowballing social media posts may have in
troduced bias. As a result, around two-thirds of participants 
reported completing BFRT continuing education course
work, with close to two-thirds completing coursework by 
the same provider. Similarities in BFRT training among par
ticipants may have reduced the variability in responses and 
impacted the generalizability of findings. Lastly, the au
thors were unable to determine the clinical reasoning be
hind the decisions made by the participants due to this type 
of survey, limiting detailed understanding of the responses. 

CONCLUSION 

This study provides insight into clinical decision making re
garding the use of BFRT in adolescent patients after ACLR. 
Overall, the results of this study indicate that younger age, 
increased reported pain, greater joint effusion, and time 
from surgery influenced decision making. However, ROM 
and weight bearing status did not appear to impact BFRT 
prescription. Additionally, no consistent criteria were re
ported regarding decision making to discontinue the use of 
BFRT. These findings support the need for additional re
search to identify optimal BFRT application within com
mon clinical scenarios, which will help standardize practice 
and support clinical decision making when utilizing BFRT 
in adolescents after ACL reconstruction. 

© The Author(s) 

Submitted: February 06, 2026 CDT. Accepted: April 24, 2026 
CDT. Published: July 01, 2026 CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license's legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Factors Affecting Clinical Decision Making for Blood Flow Restriction Training in Pediatric and Adolescent …

International Journal of Sports Physical Therapy

https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0/legalcode
https://creativecommons.org/licenses/by-nc/4.0/legalcode


REFERENCES 

1. Beck NA, Lawrence JTR, Nordin JD, DeFor TA, 
Tompkins M. Acl tears in school-aged children and 
adolescents over 20 years. Pediatrics. 2017;139(3). 
doi:10.1542/peds.2016-1877 

2. Ramski DE, Kanj WW, Franklin CC, Baldwin KD, 
Ganley TJ. Anterior cruciate ligament tears in 
children and adolescents: A meta-analysis of 
nonoperative versus operative treatment. Am J Sports 
Med. 2014;42(11):2769-2776. doi:10.1177/
0363546513510889 

3. Fones L, Kostyun RO, Cohen AD, Pace JL. Patient-
reported outcomes, return-to-sport status, and 
reinjury rates after anterior cruciate ligament 
reconstruction in adolescent athletes: Minimum 
2-year follow-up. Orthop J Sports Med. 
2020;8(11):2325967120964471. doi:10.1177/
2325967120964471 

4. Kew ME, Bodkin S, Diduch DR, et al. Reinjury rates 
in adolescent patients 2 years following acl 
reconstruction. J Pediatr Orthop. 2022;42(2):90-95. 
doi:10.1097/BPO.0000000000002031 

5. Czuppon S, Racette BA, Klein SE, Harris-Hayes M. 
Variables associated with return to sport following 
anterior cruciate ligament reconstruction: A 
systematic review. Br J Sports Med. 
2014;48(5):356-364. doi:10.1136/
bjsports-2012-091786 

6. Toole AR, Ithurburn MP, Rauh MJ, Hewett TE, 
Paterno MV, Schmitt LC. Young athletes cleared for 
sports participation after anterior cruciate ligament 
reconstruction: How many actually meet 
recommended return-to-sport criterion cutoffs? J 
Orthop Sports Phys Ther. 2017;47(11):825-833. 
doi:10.2519/jospt.2017.7227 

7. Grindem H, Snyder-Mackler L, Moksnes H, 
Engebretsen L, Risberg MA. Simple decision rules can 
reduce reinjury risk by 84% after acl reconstruction: 
The delaware-oslo acl cohort study. Br J Sports Med. 
2016;50(13):804-808. doi:10.1136/
bjsports-2016-096031 

8. Luc B, Gribble PA, Pietrosimone BG. Osteoarthritis 
prevalence following anterior cruciate ligament 
reconstruction: A systematic review and numbers-
needed-to-treat analysis. J Athl Train. 
2014;49(6):806-819. doi:10.4085/1062-6050-49.3.35 

9. Bell DR, Pfeiffer KA, Cadmus-Bertram LA, et al. 
Objectively measured physical activity in patients 
after anterior cruciate ligament reconstruction. Am J 
Sports Med. 2017;45(8):1893-1900. doi:10.1177/
0363546517698940 

10. Maletis GB, Cameron SL, Tengan JJ, Burchette RJ. 
A prospective randomized study of anterior cruciate 
ligament reconstruction: A comparison of patellar 
tendon and quadruple-strand semitendinosus/gracilis 
tendons fixed with bioabsorbable interference screws. 
Am J Sports Med. 2007;35(3):384-394. doi:10.1177/
0363546506294361 

11. Cognetti DJ, Sheean AJ, Owens JG. Blood flow 
restriction therapy and its use for rehabilitation and 
return to sport: Physiology, application, and 
guidelines for implementation. Arthrosc Sports Med 
Rehabil. 2022;4(1):e71-e76. doi:10.1016/
j.asmr.2021.09.025 

12. Hughes L, Rosenblatt B, Haddad F, et al. 
Comparing the effectiveness of blood flow restriction 
and traditional heavy load resistance training in the 
post-surgery rehabilitation of anterior cruciate 
ligament reconstruction patients: A uk national 
health service randomised controlled trial. Sports 
Med. 2019;49(11):1787-1805. doi:10.1007/
s40279-019-01137-2 

13. Ohta H, Kurosawa H, Ikeda H, Iwase Y, Satou N, 
Nakamura S. Low-load resistance muscular training 
with moderate restriction of blood flow after anterior 
cruciate ligament reconstruction. Acta Orthop Scand. 
2003;74(1):62-68. doi:10.1080/00016470310013680 

14. Takarada Y, Takazawa H, Ishii N. Applications of 
vascular occlusion diminish disuse atrophy of knee 
extensor muscles. Med Sci Sports Exerc. 
2000;32(12):2035-2039. doi:10.1097/
00005768-200012000-00011 

15. Roman DP, Burland JP, Fredericks A, et al. Early- 
and late-stage benefits of blood flow restriction 
training on knee strength in adolescents after 
anterior cruciate ligament reconstruction. Orthop J 
Sports Med. 2023;11(11):23259671231213034. 
doi:10.1177/23259671231213034 

16. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez 
N, Conde JG. Research electronic data capture 
(redcap)--a metadata-driven methodology and 
workflow process for providing translational research 
informatics support. J Biomed Inform. 
2009;42(2):377-381. doi:10.1016/j.jbi.2008.08.010 

Factors Affecting Clinical Decision Making for Blood Flow Restriction Training in Pediatric and Adolescent …

International Journal of Sports Physical Therapy

https://doi.org/10.1542/peds.2016-1877
https://doi.org/10.1177/0363546513510889
https://doi.org/10.1177/0363546513510889
https://doi.org/10.1177/2325967120964471
https://doi.org/10.1177/2325967120964471
https://doi.org/10.1097/BPO.0000000000002031
https://doi.org/10.1136/bjsports-2012-091786
https://doi.org/10.1136/bjsports-2012-091786
https://doi.org/10.2519/jospt.2017.7227
https://doi.org/10.1136/bjsports-2016-096031
https://doi.org/10.1136/bjsports-2016-096031
https://doi.org/10.4085/1062-6050-49.3.35
https://doi.org/10.1177/0363546517698940
https://doi.org/10.1177/0363546517698940
https://doi.org/10.1177/0363546506294361
https://doi.org/10.1177/0363546506294361
https://doi.org/10.1016/j.asmr.2021.09.025
https://doi.org/10.1016/j.asmr.2021.09.025
https://doi.org/10.1007/s40279-019-01137-2
https://doi.org/10.1007/s40279-019-01137-2
https://doi.org/10.1080/00016470310013680
https://doi.org/10.1097/00005768-200012000-00011
https://doi.org/10.1097/00005768-200012000-00011
https://doi.org/10.1177/23259671231213034
https://doi.org/10.1016/j.jbi.2008.08.010


17. Harris PA, Taylor R, Minor BL, et al. The redcap 
consortium: Building an international community of 
software platform partners. J Biomed Inform. 
2019;95:103208. doi:10.1016/j.jbi.2019.103208 

18. Cuffe M, Novak J, Saithna A, Strohmeyer HS, 
Slaven E. Current trends in blood flow restriction. 
Front Physiol. 2022;13:882472. doi:10.3389/
fphys.2022.882472 

19. Nakajima T, Kurano M, Iida H, et al. Use and 
safety of kaatsu training:Results of a national survey. 
International Journal of KAATSU Training Research. 
2006;2(1):5-13. doi:10.3806/ijktr.2.5 

20. Patterson SD, Brandner CR. The role of blood flow 
restriction training for applied practitioners: A 
questionnaire-based survey. J Sports Sci. 
2018;36(2):123-130. doi:10.1080/
02640414.2017.1284341 

21. Scott BR, Marston KJ, Owens J, Rolnick N, 
Patterson SD. Current implementation and barriers 
to using blood flow restriction training: Insights from 
a survey of allied health practitioners. J Strength Cond 
Res. 2024;38(3):481-490. doi:10.1519/
JSC.0000000000004656 

22. Prue J, Roman DP, Giampetruzzi NG, et al. Side 
effects and patient tolerance with the use of blood 
flow restriction training after acl reconstruction in 
adolescents: A pilot study. Int J Sports Phys Ther. 
2022;17(3):347-354. doi:10.26603/001c.32479 

23. Webb DR. Strength training in children and 
adolescents. Pediatr Clin North Am. 
1990;37(5):1187-1210. doi:10.1016/
s0031-3955(16)36983-8 

24. Stricker PR, Faigenbaum AD, McCambridge TM, 
Council On Sports M, Fitness M. Resistance training 
for children and adolescents. Pediatrics. 2020;145(6). 
doi:10.1542/peds.2020-1011 

25. Fatela P, Mendonca GV, Veloso AP, Avela J, Mil-
Homens P. Blood flow restriction alters motor unit 
behavior during resistance exercise. Int J Sports Med. 
2019;40(9):555-562. doi:10.1055/a-0888-8816 

26. Electrophysical agents - contraindications and 
precautions: An evidence-based approach to clinical 
decision making in physical therapy. Physiother Can. 
2010;62(5):1-80. doi:10.3138/ptc.62.5 

27. Yinghao L, Jing Y, Yongqi W, et al. Effects of a 
blood flow restriction exercise under different 
pressures on testosterone, growth hormone, and 
insulin-like growth factor levels. J Int Med Res. 
2021;49(9):3000605211039564. doi:10.1177/
03000605211039564 

28. Laurentino GC, Loenneke JP, Ugrinowitsch C, et 
al. Blood-flow-restriction-training-induced hormonal 
response is not associated with gains in muscle size 
and strength. J Hum Kinet. 2022;83:235-243. 
doi:10.2478/hukin-2022-0095 

29. Faigenbaum AD, Kraemer WJ, Blimkie CJ, et al. 
Youth resistance training: Updated position 
statement paper from the national strength and 
conditioning association. J Strength Cond Res. 
2009;23(5 Suppl):S60-79. doi:10.1519/
JSC.0b013e31819df407 

30. Hughes L, Paton B, Haddad F, Rosenblatt B, 
Gissane C, Patterson SD. Comparison of the acute 
perceptual and blood pressure response to heavy load 
and light load blood flow restriction resistance 
exercise in anterior cruciate ligament reconstruction 
patients and non-injured populations. Phys Ther 
Sport. 2018;33:54-61. doi:10.1016/j.ptsp.2018.07.002 

31. Hughes L, Patterson SD, Haddad F, et al. 
Examination of the comfort and pain experienced 
with blood flow restriction training during post-
surgery rehabilitation of anterior cruciate ligament 
reconstruction patients: A uk national health service 
trial. Phys Ther Sport. 2019;39:90-98. doi:10.1016/
j.ptsp.2019.06.014 

32. Hughes L, Paton B, Rosenblatt B, Gissane C, 
Patterson SD. Blood flow restriction training in 
clinical musculoskeletal rehabilitation: A systematic 
review and meta-analysis. Br J Sports Med. 
2017;51(13):1003-1011. doi:10.1136/
bjsports-2016-097071 

33. Iversen E, Rostad V, Larmo A. Intermittent blood 
flow restriction does not reduce atrophy following 
anterior cruciate ligament reconstruction. J Sport 
Health Sci. 2016;5(1):115-118. doi:10.1016/
j.jshs.2014.12.005 

34. Shelbourne KD, Klotz C. What i have learned 
about the acl: Utilizing a progressive rehabilitation 
scheme to achieve total knee symmetry after anterior 
cruciate ligament reconstruction. J Orthop Sci. 
2006;11(3):318-325. doi:10.1007/s00776-006-1007-z 

35. Eckenrode BJ, Carey JL, Sennett BJ, Zgonis MH. 
Prevention and management of post-operative 
complications following acl reconstruction. Curr Rev 
Musculoskelet Med. 2017;10(3):315-321. doi:10.1007/
s12178-017-9427-2 

36. Ediz L, Ceylan MF, Turktas U, Yanmis I, Hiz O. A 
randomized controlled trial of electrostimulation 
effects on effussion, swelling and pain recovery after 
anterior cruciate ligament reconstruction: A pilot 
study. Clin Rehabil. 2012;26(5):413-422. doi:10.1177/
0269215511421029 

Factors Affecting Clinical Decision Making for Blood Flow Restriction Training in Pediatric and Adolescent …

International Journal of Sports Physical Therapy

https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.3389/fphys.2022.882472
https://doi.org/10.3389/fphys.2022.882472
https://doi.org/10.3806/ijktr.2.5
https://doi.org/10.1080/02640414.2017.1284341
https://doi.org/10.1080/02640414.2017.1284341
https://doi.org/10.1519/JSC.0000000000004656
https://doi.org/10.1519/JSC.0000000000004656
https://doi.org/10.26603/001c.32479
https://doi.org/10.1016/s0031-3955(16)36983-8
https://doi.org/10.1016/s0031-3955(16)36983-8
https://doi.org/10.1542/peds.2020-1011
https://doi.org/10.1055/a-0888-8816
https://doi.org/10.3138/ptc.62.5
https://doi.org/10.1177/03000605211039564
https://doi.org/10.1177/03000605211039564
https://doi.org/10.2478/hukin-2022-0095
https://doi.org/10.1519/JSC.0b013e31819df407
https://doi.org/10.1519/JSC.0b013e31819df407
https://doi.org/10.1016/j.ptsp.2018.07.002
https://doi.org/10.1016/j.ptsp.2019.06.014
https://doi.org/10.1016/j.ptsp.2019.06.014
https://doi.org/10.1136/bjsports-2016-097071
https://doi.org/10.1136/bjsports-2016-097071
https://doi.org/10.1016/j.jshs.2014.12.005
https://doi.org/10.1016/j.jshs.2014.12.005
https://doi.org/10.1007/s00776-006-1007-z
https://doi.org/10.1007/s12178-017-9427-2
https://doi.org/10.1007/s12178-017-9427-2
https://doi.org/10.1177/0269215511421029
https://doi.org/10.1177/0269215511421029


37. Ke J, Zhou X, Yang Y, et al. Blood flow restriction 
training promotes functional recovery of knee joint in 
patients after arthroscopic partial meniscectomy: A 
randomized clinical trial. Front Physiol. 
2022;13:1015853. doi:10.3389/fphys.2022.1015853 

38. Lixandrao ME, Ugrinowitsch C, Berton R, et al. 
Magnitude of muscle strength and mass adaptations 
between high-load resistance training versus low-
load resistance training associated with blood-flow 
restriction: A systematic review and meta-analysis. 
Sports Med. 2018;48(2):361-378. doi:10.1007/
s40279-017-0795-y 

39. Weatherholt AM, Vanwye WR, Lohmann J, Owens 
JG. The effect of cuff width for determining limb 
occlusion pressure: A comparison of blood flow 
restriction devices. Int J Exerc Sci. 
2019;12(3):136-143. doi:10.70252/RWVU7100 

Factors Affecting Clinical Decision Making for Blood Flow Restriction Training in Pediatric and Adolescent …

International Journal of Sports Physical Therapy

https://doi.org/10.3389/fphys.2022.1015853
https://doi.org/10.1007/s40279-017-0795-y
https://doi.org/10.1007/s40279-017-0795-y
https://doi.org/10.70252/RWVU7100


SUPPLEMENTARY MATERIALS 

Appendix 1   
Download: https://ijspt.scholasticahq.com/article/163281-factors-affecting-clinical-decision-making-for-blood-flow-
restriction-training-in-pediatric-and-adolescent-patients-following-anterior-cruciate-ligame/attachment/
349069.docx 

Factors Affecting Clinical Decision Making for Blood Flow Restriction Training in Pediatric and Adolescent …

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/163281-factors-affecting-clinical-decision-making-for-blood-flow-restriction-training-in-pediatric-and-adolescent-patients-following-anterior-cruciate-ligame/attachment/349069.docx
https://ijspt.scholasticahq.com/article/163281-factors-affecting-clinical-decision-making-for-blood-flow-restriction-training-in-pediatric-and-adolescent-patients-following-anterior-cruciate-ligame/attachment/349069.docx
https://ijspt.scholasticahq.com/article/163281-factors-affecting-clinical-decision-making-for-blood-flow-restriction-training-in-pediatric-and-adolescent-patients-following-anterior-cruciate-ligame/attachment/349069.docx

	Factors Affecting Clinical Decision Making for Blood Flow Restriction Training in Pediatric and Adolescent Patients Following Anterior Cruciate Ligament Injury
	Background
	Hypothesis/Purpose
	Study Design
	Methods
	Results
	Conclusion
	Level of Evidence
	INTRODUCTION
	METHODS
	Survey Development
	Participants
	Statistical analysis

	RESULTS
	Participant Demographics and Experience
	Age-Related Decision Making
	Pain-Related Decision Making
	Preoperative Use of BFRT
	Postoperative Use of BFRT
	Discontinuation of BFRT

	DISCUSSION
	Limitations

	CONCLUSION
	References
	Supplementary Materials


