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Which graft is best in teens? 

•  Autograft 
•  Hamstring 

•  4 vs 5 vs 6 vs 8 strands? 
•  Quad Tendon 

•  All soft tissue 
•  With bone block 

•  Bone-Patellar Tendon-Bone 

•  Allograft 

Patient and Family Education 
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Graft Choices for ACL 
Surgery in Youth 
What are the options for knee (ACL) reconstruction? 
Anterior cruciate ligament (ACL) knee injuries are one of the most common 
injuries in orthopedics. During surgery, the torn ligament is replaced with a 
new tissue that will turn into ligament over time. This tissue (called a graft) is 
removed or “harvested” from another body site and transferred surgically to a 
new area in the same surgery.  

There are two main types of graft tissues that can be used in ACL 
reconstruction surgery: autograft (from your child) or allograft (from a 
donor/cadaver). Your surgeon will discuss in detail the pros and cons of each 
graft during the pre-surgical office visit. At this visit, your surgeon will 
evaluate your child’s specific injury, view diagnostic studies such as x-rays and 
MRI, and get a complete patient history. You can then talk together to decide 
which option best fits for your child. Factors include child’s age, whether the 
growth plates are open or closed, any health risks your child may have, and 
what specific activities they will be returning to, i.e. sport position and 
participation level. Overall, each of the grafts is just as strong as another if 
your child follows the specific rehabilitation protocol associated with each 
graft type. 

The different options for graft are discussed below. 

Autografts (tissue from your child) 
Bone-Patellar Tendon-Bone (BPTB) autograft 
The BPTB graft has been historically been considered the gold standard 
autograft for ACL reconstruction for high-level athletes. In this case, a piece 
of the patella (knee cap) the patellar tendon, and a piece of the tibia (shin 
bone) are taken from the injured knee.  
• The presence of bone on both sides of the graft aids in quicker 

incorporation (healing) of the graft.  
• Use is limited to an older child whose bones are done growing or close to 

being done growing.  
Complications include patella fracture and rupture of the patellar tendon. 
This can complicate and prolong recovery. It is also associated with increased 
pain in the front of the knee, particularly with kneeling. 
Hamstring tendon autograft 
The hamstrings consist of a series of three muscles in the back of the thigh 
and their tendons. They function to both bend the knee and straighten the hip. 
The harvest procedure to remove the tendon involves a small incision just 
below and towards the inside of the injured knee. 

A torn ACL in the knee 
can be reconstructed 
using tissue from other 
parts of the body or 
from a donor. 

Anterior cruciate ligament  
(ACL) in knee 



Graft failure in kids is a big deal 

 
 
 
 

•  ~14,000 patients 
•  Increased risk of graft failure in patients between 13-20y 

(3.5x that of adults) 

Risk for Revision After Anterior Cruciate
Ligament Reconstruction Is Higher
Among Adolescents

Results From the Danish Registry
of Knee Ligament Reconstruction

Peter Faunø,*† MD, Lene Rahr-Wagner,† MD, and Martin Lind,† MD, PhD

Investigation performed at Department of Sports Traumatology,
Aarhus University Hospital, Aarhus, Denmark

Background: The number of children and adolescents with anterior cruciate ligament (ACL) reconstructions is increasing, and
disturbing reports on high rerupture rates in this group have been noted.

Purpose: To describe the outcome of ACL reconstruction in children and adolescents based on data from the Danish Knee
Ligament Reconstruction Registry (DKRR).

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

Methods: Data were retrieved from the DKRR, a national population-based registry. The analysis was based on a population of
14,806 ACL-reconstructed patients. The outcome was evaluated using risk of ACL revision, subjective outcome score (Knee injury
and Osteoarthritis Outcome Score [KOOS]), Tegner function score, and objective knee laxity. Three age groups were defined (A,
<13 years; B, 13-15 years; and C, 15-20 years) and compared with D, patients !20 years (adults). There were 95 patients in group
A, 327 in B, 2888 in C, and 11,496 in D.

Results: There was a significantly increased risk of revision surgery in the age groups B (6.7%) and C (4.9%) compared with the
adults in group D (2.0%). Objective knee laxity did not differ between the 4 groups. Groups A, B, and C had a higher score on the
combined KOOS symptoms, pain, sport, and quality of life subscales (KOOS4; 79.6, 76.6, and 73.1, respectively) compared with
the adults (69.7). Group B had higher KOOS quality of life (76.6) and sports (71.1) scores than did group C (73.1 and 66.4,
respectively). The Tegner activity score did not differ between the 4 groups. No impact of the use of extracortical graft fixation was
detected in the youngest age group.

Conclusion: Study results indicated an increased risk of graft failure in patients between 13 and 20 years of age. This is in contrast
to the better subjective and equal objective knee score found in the same age groups.

Clinical Relevance: The new knowledge about the high revision rate among ACL-reconstructed teenagers is important for
evidence-based preoperative information of ACL patients and their parents.

Keywords: knee; ACL; reconstruction; adolescent; revision; national registry

A significant number of anterior cruciate ligament (ACL)
injuries are seen in children and adolescents.2,7 Among
youth soccer players, 7% of all injuries are midsubstance
ACL tears.29 According to the Danish Knee Ligament
Reconstruction Registry (DKRR), 6% of all ACL reconstruc-
tions are performed in patients younger than 15 years.18

Conservative treatment of ACL injuries in skeletally
immature patients who continue to be active in competitive
sports increases the risk of subsequent chondral and menis-
cal injury.3,13 Furthermore, Millett et al21 found a higher
incidence of subsequent meniscal and cartilage injuries
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Graft failure in adolescents 

 
 
 
 
 
•  Graft rupture (13%) 
•  Contralateral ACL injury (14%) 
•  Total re-injury (25%) 

•  1st 2 years highest risk 
•  50% decrease for every month after 6 months 



Which graft is best in young patients? 

•  In general….. 
•  BPTB auto (ñrisk of growth disturbance if 

open growth plates, anterior knee pain, 
cosmesis) 

•  Hamstring auto (ñfailure) 
•  Allograft (ñfailure) 



Should we be using hamstring autograft? 

 
 
 
•  Hamstring autografts had a 4x greater risk of revision in 

year one and 1.5x at 5 years compared to BPTB grafts 

LEVEL 2 



Should we be using hamstring autograft? 

 
 
 

•  Hamstring autografts had a higher rate of revision 
compared to BPTB grafts 

LEVEL 3 

SYMPOSIUM: IMPROVING CARE FOR PATIENTS WITH ACL INJURIES: A TEAM APPROACH

Hamstring Autograft versus Patellar Tendon Autograft for ACL
Reconstruction: Is There a Difference in Graft Failure Rate?
A Meta-analysis of 47,613 Patients

Brian T. Samuelsen MD, MBA, Kate E. Webster PhD,
Nick R. Johnson BS, Timothy E. Hewett PhD, Aaron J. Krych MD

Published online: 15 February 2017
! The Association of Bone and Joint Surgeons1 2017

Abstract
Background Bone-patellar tendon-bone (bone-tendon-

bone) and four-strand hamstring tendon grafts (hamstring)

are the most commonly utilized autografts for primary
anterior cruciate ligament (ACL) reconstruction. Existing

clinical trials, registry studies, and meta-analyses offer

conflicting opinions regarding the most favorable graft
choice.

Questions/purposes Which graft type for ACL recon-

struction (bone-tendon-bone or hamstring) has a higher risk
of (1) graft rupture and/or (2) graft laxity?

Methods We performed a meta-analysis of randomized
controlled trials (RCTs), prospective cohort studies, and

high-quality national registry studies to compare the out-

comes of primary ACL reconstruction with bone-tendon-
bone autograft or hamstring autograft. Studies that com-

pared these graft types were identified through a

comprehensive search of electronic databases (PubMed,
MEDLINE, EMBASE, and the Cochrane Library). Two

independent reviewers utilized the Jadad scale for RCT

study quality and the Modified Coleman Methodology
Score for prospective comparative and registry study

quality. The included studies were analyzed for the primary

outcome measure of graft rupture with or without revision
ACL surgery. In surviving grafts, secondary outcomes of

graft laxity were quantified by KT1000/2000TM testing, a

positive pivot shift test, and a positive Lachman test. Meta-
analysis was performed with Review Manager. A total of

47,613 ACL reconstructions (39,768 bone-tendon-bone

and 7845 hamstring) from 14 RCTs, 10 prospective com-
parative studies, and one high-quality national registry

study were included in this meta-analysis. Mean age was
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What about HS grafts in adolescents? 

•  Patients <21 years old with hamstring 
autografts had a 1.61 times higher risk of 
revision than did patients with BPTB 
autografts 

 

LEVEL 2 



What about HS grafts in adolescents? 

 
 
 
•  ~3x greater risk of revision when using hamstring for 

patients ages 15-19 

LEVEL 2 



What about HS grafts in adolescents? 

•  Girls 15-20 years old: BPTB auto failed at 6.4% 
compared to HS auto failing at 15.6% 

•  HS more than twice as likely to fail 
 LEVEL 3 
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Anterior Cruciate Ligament Reconstruction
in Young Female Athletes

Patellar Versus Hamstring Tendon Autografts

Hytham S. Salem,* MD, Vahe Varzhapetyan,* MD, Nimit Patel,* MD,
Christopher C. Dodson,* MD, Fotios P. Tjoumakaris,* MD, and Kevin B. Freedman,*y MD
Investigation performed at Rothman Institute, Philadelphia, Pennsylvania, USA

Background: Female athletes are 2 to 8 times more prone to anterior cruciate ligament (ACL) rupture than males. Furthermore,
reinjury to the ipsilateral or contralateral knee can occur in .20% of athletes. Female sex and younger age are known risk factors
for graft failure. The optimal graft choice for young females remains unknown and poorly studied.

Purpose/Hypothesis: The authors aimed to compare clinical outcomes in young females who underwent ACL reconstruction
(ACLR) with bone–patellar tendon–bone (BTB) and quadrupled hamstring (HS) autografts. It was hypothesized that no significant
differences in outcomes exist between graft choices.

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

Methods: Female patients aged 15 to 25 years who underwent primary ACLR with BTB or HS autograft were included for review.
Patients were subdivided into 2 age groups: 15 to 20 years and 21 to 25 years. The occurrence of chondral, meniscal, or liga-
mentous injury to either knee was recorded for comparison.

Results: A total of 256 females were included (BTB, n = 175; HS, n = 81). The majority of patients were between the ages of 15
and 20 years (BTB, 80%; HS, 77.8%). Overall, graft rupture occurred in 23 patients (9%) and contralateral ACL tear occurred in 18
(7%). Subgroup analysis showed that 75% of BTB and 100% of HS graft retears occurred in females aged 15 to 20 years. Within
this age group, there was a significantly lower rate of graft ruptures in the BTB group (6.4%) as compared with the HS group
(17.5%, P = .02). Allograft augmentation was used in 4 of the 11 HS grafts that retore. When allograft-augmented grafts were
excluded, there was no significant difference in graft failure rate between graft choices. Fifteen patients in the BTB group
(12%) as opposed to 1 in the HS group (2%) reported extreme difficulty or the inability to kneel on the front of the knee (P = .04).

Conclusion: In females aged 15 to 20 years undergoing ACLR, BTB autograft may lead to fewer graft ruptures than HS autograft.
While this difference was not observed in females aged 21 to 25 years, a larger sample may be required to accept the null hypoth-
esis in this age group. BTB autograft significantly increased the risk of kneeling pain as compared with HS regardless of age.

Keywords: ACL reconstruction; female; young; autografts

Female participation in high school sports has increased
.11-fold over the past 5 decades with a resultant rise in
the number of anterior cruciate ligament (ACL) injuries
in female athletes.28 The literature suggests that adoles-
cent females are 2 to 8 times more likely to suffer a primary
ACL tear than males who participate in the same
sports.1,4,14,15 Furthermore, female patients have been
found to have a higher risk of rerupture after ACL recon-
struction (ACLR) when compared with their male counter-
parts.24 Younger patients have also been shown to be at
increased risk of revision surgery after ACLR.17,18,23

Although ACLR has successfully restored knee stability in
many athletes after ACL rupture, 35% to 45% are not able to
return to their preinjury levels of sport.3,40 Moreover, subse-
quent injury to either knee has been estimated to occur in
.20% of younger athletes who return to sports after
ACLR.41 The optimal choice of graft tissue for ACLR remains
a topic of ongoing debate. Autologous bone–patellar tendon–
bone (BTB) and hamstring (HS) tendon are the 2 most
commonly used grafts. Several high-quality studies have
compared graft rupture rate in primary ACLR and found
no significant difference between BTB and HS in the general
population.9,13,17,32,41 BTB reconstruction has been shown to
provide better static stability to the knee, while HS con-
structs have demonstrated a lower risk of postoperative com-
plications, pain, and osteoarthritis.1,20,31,33,37,42

Considering that young age and female sex are factors
known to pose a risk to the survival of ACL grafts, it is

The American Journal of Sports Medicine
1–7
DOI: 10.1177/0363546519854762
! 2019 The Author(s)
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What about HS grafts in adolescents? 

•  BPTB auto failed at 5.5% compared to HS 
auto failing at 12.5% 

•  HS more than twice as likely to fail 

LEVEL 4 

Risk Factors for Early ACL Reconstruction Failure in
Pediatric and Adolescent Patients: A Review of 561 Cases
Brian Ho, BA,* Eric W. Edmonds, MD,*w Henry G. Chambers, MD,*w Tracey P. Bastrom, MA,w

and Andrew T. Pennock, MD*w

Background: Anterior cruciate ligament (ACL) reconstruction
failure is relatively common in young high-risk athletes. The
purpose of this study was to examine a single center’s 10-year
experience with ACL reconstructions in pediatric and adolescent
patients to better define short-term failure rates and risk factors
for revision ACL surgery.
Methods: This institutional review board-approved retrospective
study included all patients who underwent a primary ACL re-
construction between 2002 and 2013. Chart and radiographic
review was performed to assess patient demographic, injury, and
surgical data including growth plate status, concomitant liga-
ment/meniscus/cartilage injury, surgical procedures, femoral
drilling technique, graft source and type, femoral and tibial
fixation devices, and graft size. Graft failures had to be con-
firmed both with clinical examination and magnetic resonance
imaging or the patient had to undergo a revision ACL re-
construction. Potential factors associated with failure were
evaluated using either parametric or nonparametric analysis as
appropriate.
Results: A total of 561 ACL reconstructions were performed
that met our inclusion criteria. The average patient age was 15.4
years (range, 5 to 19 y) and 53% of the patients were male. In all,
54 failures were identified for a 9.6% failure rate. Soft tissue
grafts were twice as likely to fail compared with patellar tendon
grafts (13% vs. 6%; P<0.001). Multivariate analysis revealed
that graft choice (soft tissue vs. patellar tendon) was the primary
variable predictive of failure (P<0.05), with interactions/
mediating effects contributed by maturity (growth plate status)
and ACL technique (P<0.05). The average time to failure was
13.6 months and hamstring grafts and anatomic femoral tunnels
were both found to fail earlier (P<0.05). During the study
period, approximately 8% of patients sustained a contralateral
ACL injury.
Conclusions: ACL failure rates in adolescent and pediatric pa-
tients vary based on patient age, graft selection, and surgical
technique. Bone patellar tendon bone autografts had the lowest
failure rate in this high-risk population.
Level of Evidence: Level IV—retrospective case series.

Key Words: anterior cruciate ligament reconstruction, pediatrics

(J Pediatr Orthop 2018;38:388–392)

Anterior cruciate ligament (ACL) injuries occur across
all age groups, but have become increasingly preva-

lent in pediatric and adolescent athletes as sports training
has increased in frequency and intensity.1 In a recent in-
jury surveillance study conducted on high school athletes
in the United States, ACL injuries were found to occur at
a rate of 17.6 per 100,000 athletic exposures.2 Because of
the risks of further chondral and meniscal injury if left
untreated, most young active patients undergo a re-
constructive procedure. In fact, ACL reconstruction is
becoming more common within the United States and
increased approximately 77% from 1996 to 2006.3 This
trend is particularly true in skeletally immature patients
where clinicians are now preferentially opting toward
early reconstruction versus delaying surgery until skeletal
maturity.4

The most common complication after an ACL re-
construction is a traumatic rupture of the graft and the
incidence of revision surgeries has been shown to range
from 6.5% to 34%.3 A primary risk factor for graft
failure is patient age, with patients under the age of 20
years showing significantly higher failure rates.5,6 Al-
though pediatric and adolescent patients have been
shown to exhibit a higher graft failure rate, no large series
have looked specifically at this patient population.

The purpose of this study was to examine a single
center’s 10-year experience with ACL reconstructions in
pediatric and adolescent patients to better define short-
term failure rates and risk factors for revision ACL re-
constructions. We hypothesized that there would be no
difference between bonepatellar tendon-bone (BTB) graft
failure rates compared with hamstring graft failure rates
and that allograft tissue would have a similar failure rate
to autograft tissue when performed in select patients.

METHODS
After institutional review board approval, a retro-

spective chart review of all patients who underwent a
primary ACL reconstruction between November 2002
and August 2013 was performed. Patients older than 20
years of age, those undergoing a multiligamentous knee
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What about HS grafts in adolescents? 

•  BPTB auto failed at 8.5% compared to HS 
auto failing at 12.3% 

•  HS more likely to fail LEVEL 3 

PRiSM 6th Annual Meeting 
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GRAFT CHOICE FOR ADOLESCENT ATHLETES RETURNING TO HIGH-RISK 
SPORTS: A MATCHED COHORT ANALYSIS OF PATELLAR TENDON AND 
HAMSTRING AUTOGRAFTS 

Crystal Perkins, MD1, Michael Busch, MD2, Melissa Christino, MD3, Belinda 
Schaafsma, BS4, S. Clifton Willimon, MD5 
1Children's Healthcare of Atlanta, Atlanta, GA, USA, 2Children's Orthopaedics of Atlanta, Atlanta, 
GA, USA, 3Boston Children's Hospital, Boston, MA, USA, 4Children's Healthcare of Atlanta, USA, 
5Children's Healthcare of Atlanta, USA 
Background:  Graft selection for skeletally mature adolescents undergoing anterior cruciate 
ligament (ACL) reconstruction is guided by surgeon and patient preference.  In young patients 
returning to high-risk cutting and pivoting sports, graft rupture is the most feared complication of 
ACL reconstruction.  Some studies have demonstrated slightly lower rates of graft failure and 
decreased laxity in the short term associated with patellar tendon (BTB) autografts as compared to 
hamstring (HS) autografts, but these studies are limited by their heterogeneity of ages and activity 
level1-3.  The purpose of this study is to compare the rates of graft failure between BTB and HS 
ACL reconstruction cohorts matched by age, sex, and sport.   
 
Methods:  A single-institution retrospective review was performed of consecutive patients less than 
19 years of age treated with ACL reconstructions using either patellar tendon (BTB) or hamstring 
(HS) autograft performed by a single surgeon.  Skeletally mature or nearly mature patients in 
“high-risk” ACL injury sports (basketball, football, soccer, lacrosse, and gymnastics) were initially 
treated with hamstring autografts but the graft preference transitioned to BTB autografts as the 
preferred graft choice during the study period.  This transition in graft preference for adolescents 
participating in “high risk” sports allows for a comparison of outcomes based on graft types.  
Inclusion criteria were ages 13 – 18 years, participation in a “high risk” sport, and minimum 6-
month follow-up. The two cohorts of patients were matched by age, gender, and sport.  The 
primary outcome measure was graft rupture. 
 
Results:  One hundred fifty-two patients with an average age of 16 years (range 13 – 18 years) 
underwent ACL reconstruction during the study period.  There were 71 BTB reconstructions and 
81 HS reconstructions.  There were 64 females and 88 males.  There was no difference in age, 
sex, BMI, or laterality between groups.  There were more patients who played soccer in the BTB 
cohort (44%) vs HS cohort (20%) and fewer who played basketball in the BTB cohort (24%) vs HS 
cohort (41%), p = 0.005. There were no differences between the BTB and HS cohorts in terms of 
meniscus tears (61% v 72%, p = 0.15), meniscus repair (21% v 32%, p = 0.13), or partial 
meniscectomy (32% v 33%, p = 0.90).   
 
Mean duration of follow-up was 28 months (range 7-57 months).  There was no difference in 
follow-up between cohorts (BTB 28 months and HS 29 months, p = 0.19).  There were a total of 16 
graft ruptures (10.5%).  There was no difference in the rate of graft rupture between cohorts (BTB 
8.5% vs HS 12.3%, p = 0.60).  Mean time to graft rupture was 21 months (range 8 – 35 months) 
and Kaplan-Meier survival curves demonstrated no difference between cohorts. 
 
Conclusions: ACL reconstruction in adolescents returning to high-risk sports can be performed 
utilizing BTB or HS autografts with similar rates of graft rupture.   There is a trend toward lower 
rates of graft rupture associated with BTB autografts, but additional patients will be necessary to 
determine if this trend will become a statistically significant difference. 
 
1. Beynnon BD, Johnson RJ, Fleming BC, et al.  Anterior cruciate ligament replacement: 
comparison of bone-patellar tendon bone grafts with two-strand hamstring grafts.  A prospective, 
randomized study.  J Bone Joint Surg Am 2002;84(9):1503-1513. 
2. Ho B, Edmonds EW, Chambers HG et al.  Risk factors for early ACL reconstruction failure in 
pediatric and adolescent patients: a review of 561 cases.  J Pediatr Orthop 2016. 



What about HS grafts in adolescents? 

Girls 15-20 years old:  
Higher incidence of meniscal repair failure with 

HS grafts 

AJSM, 2019 

Anterior Cruciate Ligament Reconstruction
in Young Female Athletes

Patellar Versus Hamstring Tendon Autografts

Hytham S. Salem,* MD, Vahe Varzhapetyan,* MD, Nimit Patel,* MD,
Christopher C. Dodson,* MD, Fotios P. Tjoumakaris,* MD, and Kevin B. Freedman,*y MD
Investigation performed at Rothman Institute, Philadelphia, Pennsylvania, USA

Background: Female athletes are 2 to 8 times more prone to anterior cruciate ligament (ACL) rupture than males. Furthermore,
reinjury to the ipsilateral or contralateral knee can occur in .20% of athletes. Female sex and younger age are known risk factors
for graft failure. The optimal graft choice for young females remains unknown and poorly studied.

Purpose/Hypothesis: The authors aimed to compare clinical outcomes in young females who underwent ACL reconstruction
(ACLR) with bone–patellar tendon–bone (BTB) and quadrupled hamstring (HS) autografts. It was hypothesized that no significant
differences in outcomes exist between graft choices.

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

Methods: Female patients aged 15 to 25 years who underwent primary ACLR with BTB or HS autograft were included for review.
Patients were subdivided into 2 age groups: 15 to 20 years and 21 to 25 years. The occurrence of chondral, meniscal, or liga-
mentous injury to either knee was recorded for comparison.

Results: A total of 256 females were included (BTB, n = 175; HS, n = 81). The majority of patients were between the ages of 15
and 20 years (BTB, 80%; HS, 77.8%). Overall, graft rupture occurred in 23 patients (9%) and contralateral ACL tear occurred in 18
(7%). Subgroup analysis showed that 75% of BTB and 100% of HS graft retears occurred in females aged 15 to 20 years. Within
this age group, there was a significantly lower rate of graft ruptures in the BTB group (6.4%) as compared with the HS group
(17.5%, P = .02). Allograft augmentation was used in 4 of the 11 HS grafts that retore. When allograft-augmented grafts were
excluded, there was no significant difference in graft failure rate between graft choices. Fifteen patients in the BTB group
(12%) as opposed to 1 in the HS group (2%) reported extreme difficulty or the inability to kneel on the front of the knee (P = .04).

Conclusion: In females aged 15 to 20 years undergoing ACLR, BTB autograft may lead to fewer graft ruptures than HS autograft.
While this difference was not observed in females aged 21 to 25 years, a larger sample may be required to accept the null hypoth-
esis in this age group. BTB autograft significantly increased the risk of kneeling pain as compared with HS regardless of age.

Keywords: ACL reconstruction; female; young; autografts

Female participation in high school sports has increased
.11-fold over the past 5 decades with a resultant rise in
the number of anterior cruciate ligament (ACL) injuries
in female athletes.28 The literature suggests that adoles-
cent females are 2 to 8 times more likely to suffer a primary
ACL tear than males who participate in the same
sports.1,4,14,15 Furthermore, female patients have been
found to have a higher risk of rerupture after ACL recon-
struction (ACLR) when compared with their male counter-
parts.24 Younger patients have also been shown to be at
increased risk of revision surgery after ACLR.17,18,23

Although ACLR has successfully restored knee stability in
many athletes after ACL rupture, 35% to 45% are not able to
return to their preinjury levels of sport.3,40 Moreover, subse-
quent injury to either knee has been estimated to occur in
.20% of younger athletes who return to sports after
ACLR.41 The optimal choice of graft tissue for ACLR remains
a topic of ongoing debate. Autologous bone–patellar tendon–
bone (BTB) and hamstring (HS) tendon are the 2 most
commonly used grafts. Several high-quality studies have
compared graft rupture rate in primary ACLR and found
no significant difference between BTB and HS in the general
population.9,13,17,32,41 BTB reconstruction has been shown to
provide better static stability to the knee, while HS con-
structs have demonstrated a lower risk of postoperative com-
plications, pain, and osteoarthritis.1,20,31,33,37,42

Considering that young age and female sex are factors
known to pose a risk to the survival of ACL grafts, it is

The American Journal of Sports Medicine
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What about HS grafts in adolescents? 

HS grafts more than twice as likely to fail 

AOSSM Annual Meeting, 2019 
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Paper 36 
ACL Reconstruction In High School and College-aged Athletes: Does Autograft Choice Affect Recurrent 
ACL Revision Rates? 
 
Christopher C. Kaeding, MD1, Kurt P. Spindler, MD2, Laura J. Huston, MS3, Alex Zajichek, MS4, MOON 
Knee Group3.  
1The Ohio State University, Columbus, OH, 2Cleveland Clinic Sports Health Center, Garfield Hts, OH, 
3Vanderbilt Orthopaedic Institute, Nashville, TN, 4Cleveland Clinic, Cleveland, OH 
 
Objectives: Physicians’ and patients’ decision-making process between bone-patellar tendon-bone (BTB) 
versus hamstring autografts for ACL reconstruction (ACLR) may be influenced by a patient’s gender, 
laxity level, sport played, and/or competition level in the young, active athlete. The purpose of this study 
was to determine the incidence of subsequent ligament disruption for high school and college-aged 
athletes between autograft BTB versus hamstring grafts for ACLRs. Our hypothesis is there would be no 
recurrent ligament failure differences between autograft types at 6-year follow-up. 
 
Methods: Our inclusion criteria were patients aged 14-22 who were injured in sport (basketball, 
football, soccer, other), had a contralateral normal knee, and were due to have a unilateral primary 
ACLR with either a BTB or hamstring autograft. All patients were prospectively followed at two and six 
years and contacted by phone and/or email to determine whether any subsequent surgery had occurred 
to either knee since their initial ACLR. If so, operative reports were obtained, whenever possible, in 
order to document pathology and treatment. Multivariable regression modeling controlled for age, 
gender, ethnicity/race, body mass index, sport and competition level, activity level, knee laxity, and graft 
type. The six-year outcomes of interest were the incidence of subsequent ACL reconstruction to either 
knee. 
 
Results: Eight hundred thirty-nine (839) patients were eligible, of which 770 (92%) had 6-year follow-up 
for subsequent surgery outcomes. The median age was 17, with 48% females, and the distribution of 
BTB to hamstring was 492 (64%) and 278 (36%) respectively. Thirty-three percent (33%) of the cohort 
was classified as having “high grade” knee laxity preoperatively. The overall ACL revision rate was 9.2% 
in the ipsilateral knee, 11.2% in the contralateral normal ACL, and 19.7% had one or the other within 6 
years of the index ACLR surgery. High-grade laxity (OR: 2.4; 95% CI: 1.4, 3.9; p=0.001), autograft type 
(OR: 2.1; 95% CI: 1.3, 3.5; p=0.004), and age (OR: 0.8; 95% CI: 0.7, 0.96; p=0.009) were the 3 most 
influential predictors of a recurrent ACL graft revision on the ipsilateral knee, respectively, whereas the 
sport of the index injury (OR: 0.3; 95% CI: 0.2, 0.7; p=0.002) was the most influential predictor of a 
subsequent primary ACL reconstruction on the contralateral knee. The odds of a recurrent ACL graft 
revision on the ipsilateral knee for patients receiving a hamstring autograft were 2.1 times the odds of a 
patient receiving a BTB autograft (95% CI: 1.3, 3.5). For low-risk patients (5% incidence of graft failure), a 
hamstring graft can increase the risk of recurrent ACL graft revision by 5 percentage points, from 5% to 
10%. For high-risk patients (35% incidence of graft failure), a hamstring graft can increase the risk of 



Should we be using hamstring autograft? 

 
•  HS harvest increases valgus motion 

The Effect of Hamstring Tendon
Autograft Harvest on the Restoration
of Knee Stability in the Setting
of Concurrent Anterior Cruciate Ligament
and Medial Collateral Ligament Injuries

Thomas J. Kremen,*y MD, Landon S. Polakof,y MD, Sean S. Rajaee,y MD,
Trevor J. Nelson,yz BS, and Melodie F. Metzger,yz PhD
Investigation performed at the Orthopaedic Biomechanics Laboratory,
Cedars-Sinai Medical Center, Los Angeles, California, USA

Background: A hamstring autograft is commonly used in anterior cruciate ligament (ACL) reconstruction (ACLR); however, there
is evidence to suggest that the tendons harvested may contribute to medial knee instability.

Hypothesis: We tested the hypothesis that the gracilis (G) and semitendinosus (ST) tendons significantly contribute to sagittal,
coronal, and/or rotational knee stability in the setting of ACLR with a concurrent partial medial collateral ligament (MCL) injury.

Study Design: Controlled laboratory study.

Methods: Twelve human cadaveric knees were subject to static forces applied to the tibia including an anterior-directed force as
well as varus, valgus, and internal and external rotation moments to quantify laxity at 0!, 30!, 60!, and 90! of flexion. The following
ligament conditions were tested on each specimen: (1) ACL intact/MCL intact, (2) ACL deficient/MCL intact, (3) ACL deficient/
partial MCL injury, and (4) ACLR/partial MCL injury. To quantify the effect of muscle loads, the quadriceps, semimembranosus,
biceps femoris, sartorius (SR), ST, and G muscles were subjected to static loads. The loads on the G, ST, and SR could be added
or removed during various test conditions. For each ligament condition, the responses to loading and unloading the G/ST and SR
were determined. Three-dimensional positional data of the tibia relative to the femur were recorded to determine tibiofemoral
rotations and translations.

Results: ACLR restored anterior stability regardless of whether static muscle loads were applied. There was no significant
increase in valgus motion after ACL transection. However, when a partial MCL tear was added to the ACL injury, there was
a 30% increase in valgus rotation (P \ .05). ACLR restored valgus stability toward that of the intact state when the G/ST muscles
were loaded. A load on the SR muscle without a load on the G/ST muscles restored 19% of valgus rotation; however, it was still
significantly less stable than the intact state.

Conclusion: After ACLR in knees with a concurrent partial MCL injury, the absence of loading on the G/ST did not significantly
alter anterior stability. Simulated G/ST harvest did lead to increased valgus motion. These results may have important clinical im-
plications and warrant further investigation to better outline the role of the medial hamstrings, particularly among patients with
a concomitant ACL and MCL injury.

Clinical Relevance: A concurrent ACL and MCL injury is a commonly encountered clinical problem. Knowledge regarding the
implications of hamstring autograft harvest techniques on joint kinematics may help guide management decisions.

Keywords: anterior cruciate ligament; ACL; medial collateral ligament; MCL; hamstring autograft; knee; cadaveric specimen;
biomechanics

A concurrent anterior cruciate ligament (ACL) and medial
collateral ligament (MCL) injury is a frequently encountered

clinical problem. It has been noted that among young and
active patients, 90%3 of all knee ligament injuries are ACL,
MCL, or combined ACL and MCL injuries, with concomitant
ACL and MCL injuries in approximately 16% to 25%4,7,9,17 of
these patients.

With a concurrent ACL and MCL injury, the MCL
injury is typically managed nonoperatively,12 while the

The American Journal of Sports Medicine
2018;46(1):163–170
DOI: 10.1177/0363546517732743
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In-Depth

163

AJSM, 2018 



What about Quadriceps Tendon Autograft? 

•  Quadriceps tendon autograft leads to equal 
or better functional outcomes than does the 
use of a hamstring autograft 

•  No affect on morbidity 
LEVEL 3 



Quadriceps Tendon Autograft 

AR-2382S - Minimally Invasive Quad Tendon Set

GRAFT PREPARATION AND FIXATION

a

All-inside ACL technique is ideal for quadriceps grafts since only a length of 60-75 cm is needed. Both ACL TightRope® 
and RetroScrew® implants can be used to fixate the graft in minimally invasive sockets created with a FlipCutter®. ACL 
TightRope may be attached to the graft with #2 FiberLoop® or #2 FiberLoop with FiberTag™ (a). A standard all-inside 
technique is used to implant the graft.



Quadriceps Tendon Autograft 
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Quadriceps Tendon Autograft 

•  >8.5 mm grafts easily obtained 
•  Minimal acute postoperative pain  
•  Less kneeling pain, less graft site pain 
•  Does NOT affect strength 
•  Similar stability, patient satisfaction, and patient-

reported outcomes to other grafts 
•  ? Lower failure rates compared to HS  

 
 

•  Failure rate (15-20 years of age) = 8% 
Once the Quad Tendon Stripper/Cutter reaches the desired 
depth, as indicated by the skin marking and instrument 
measurements, unlock the handle and squeeze the trigger 
to cut the proximal tendon (b & c).

Advance the stripper/cutter proximally. Rotation may 
facilitate advancement. If the stripper/cutter will not 
advance, check for soft tissue tethers and cut manually 
with scissors. 

Place the suture tails and distal graft through the graft 
stripper/cutter. Make sure the handle is locked to 
prevent premature cutting of the graft (a). 

If there is no violation of the capsule then closure is not needed. For partial thickness capsule violation, simple sutures can 
be used to close. For full thickness violation close only the capsular layer to stop fluid leakage. Do not close the tendon defect.

CLOSURE

8

10

a

b

c

9
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My Preferred Technique 
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Technical Note

Quadriceps Tendon Autograft Anterior Cruciate
Ligament Reconstruction With Independent Suture

Tape Reinforcement
Michael G. Saper, D.O., A.T.C., C.S.C.S.

Abstract: Anterior cruciate ligament (ACL) injuries are common among adolescent athletes and are rising with increased
participation in higher level athletics at earlier ages. In these young patients, often with open physes, soft tissue grafts
continue to be the primary graft choice for ACL reconstruction. Reinjury continues to be a concern in this high-risk age
group, with failure rates 2 to 3 times higher than in adults. Recently, primary ACL reconstruction with suture tape
augmentation/reinforcement has been described in both hamstring autografts and allografts. Purported advantages
include protection of the graft during the revascularization and remodeling phase of incorporation. This Technical Note
details a surgical technique of independent suture tape reinforcement during primary all soft tissue quadriceps tendon
autograft ACL reconstruction using an all-inside technique.

Anterior cruciate ligament (ACL) injuries are
common among adolescent athletes and are rising

with increased participation in higher level athletics at
earlier ages.1 Soft tissue grafts continue to be the pri-
mary graft choice for ACL reconstruction, especially in
young patients with open physes.2-4 Reinjury continues
to be a concern in this high-risk age group. Both the
U.S.-based Multicenter Orthopaedic Outcomes
Network and the Danish Knee Ligament Reconstruc-
tion Registry have reported graft failure rates 2 to 3
times higher in adolescents than in adults.4-6 The
combined (ipsilateral or contralateral) risk of
subsequent ACL injury in school-aged children
returning to competitive sports is as high as 25% to
35%.7-9 Furthermore, early return to sport is predictive
of second ACL tear.7

Orthopaedic surgeons must consider the biological
and biomechanical aspects of graft healing for optimal
results after ACL reconstruction. Recently, in an
attempt to improve clinical outcomes, suture tape
augmentation/reinforcement (InternalBrace; Arthrex,
Naples, FL) has been described in both hamstring au-
tografts and allografts.10-13 The InternalBrace is
composed of a FiberTape (Arthrex) suture, an
ultrahigh-molecular-weight polyethylene/polyester
tape that is collagen coated to increase tissue integra-
tion. Purported advantages include protection of the
graft during the proliferation, maturation, and liga-
mentization phases of healing.

Table 1. Advantages and Disadvantages of Suture Tape
Reinforcement

Advantages Disadvantages

Can be used in primary and
revision setting.

Can be used in physeal-sparing
techniques.

Protection of the graft during
incorporation.

Assists in managing peak forces
that occur during accelerated
rehabilitation protocols.

Independent tensioning from
the graft.

Can be used with existing
all-inside anterior cruciate
ligament reconstruction
techniques.

Possible overconstraining of the
joint.

Possible stress shielding of the
graft.

Limited clinical outcome data.
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My Preferred Technique 
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This Technical Note details a surgical technique of
independent suture tape reinforcement during primary
all soft tissue quadriceps tendon autograft ACL recon-
struction using an all-inside technique. The collagen-
coated suture tape is incorporated into the quadriceps
autograft construct and is tensioned independently
after the graft. This technique can be performed in
adolescent and adult patients, including skeletally
immature patients in the setting of an all-epiphyseal
ACL reconstruction.

Surgical Technique
A demonstration of the technique in the right knee of

an adolescent patient is provided in Video 1. The
advantages and disadvantages of the procedure are
presented in Table 1. The indications, pearls, and pitfalls
are summarized in Table 2.

Patient Positioning and Preparation
Preoperatively, the patient receives a single-shot sciatic

nerve block and adductor canal nerve block with
indwelling catheter. After the induction of general
anesthesia, an examination under anesthesia is per-
formed to assess knee stability and range of motion
(ROM). The contralateral knee is examined for side-to-
side comparison. A single dose of antibiotics is adminis-
tered for infection prophylaxis. A nonsterile tourniquet
is placed high on the leg and set at 225 to 250mmHg (the
tourniquet is inflated only during the graft harvest
portion of the procedure). The patient is then positioned
supine with the surgical limb secured in an arthroscopic
leg holder and the contralateral leg in a foam well-leg
holder (Fig 1). The surgical area is prepped in standard
fashion, and sterile drapes are applied.

Table 2. Indications, Pearls, and Pitfalls of Suture Tape Reinforcement

Indications Pearls Pitfalls
Isolated ACL tears and ACL tears in the

setting of a multiligament injury
Use a PassPort cannula for suture

management and avoiding a soft tissue
bridge.

Overtensioning the FiberTape sutures

Adult, adolescent, and pediatric patients Cycle the knee and tension the graft first
with the knee in full extension.

Leaving the SwiveLock anchor proud, which
may lead to hardware irritation

Tension the FiberTape sutures after the graft
with the knee in full extension.

Place a hemostat under the free ends of the
FiberTape to avoid overtensioning.

ACL, anterior cruciate ligament.

Fig 1. The patient is positioned supine with the surgical limb
(right knee) secured in an arthroscopic leg holder and the
contralateral leg in a foam well-leg holder.

Fig 2. A retractor is used to lift the skin, and the arthroscope
is placed under the skin with the fluid off to visualize the
width and course of the quadriceps tendon (QT) (right knee).
The vastus medialis oblique (VMO) is visualized medial to the
tendon.
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Graft Harvest
Minimally invasive all soft tissue quadriceps tendon

graft harvest is performed in similar fashion to the
technique as described by Slone et al.14 The knee is
flexed to 90! to place tension on the quadriceps and
facilitate harvesting. A mixture of saline and epineph-
rine is injected into the skin and subcutaneous tissue to
distend the tissue off the tendon. An approximately
2-cm-long vertical incision is made at the apex of the
patella. Subcutaneous fat is dissected and removed
proximally and distally from the incision for adequate
visualization. Blunt dissection is performed to sweep
tissue off of the quad tendon and anterior patella. A
retractor is used to lift the skin, and the arthroscope is

placed under the skin with the fluid off to visualize the
width and course of the tendon (Fig 2). A mark is
placed on the anterior thigh approximately 7 cm from
the superior border of the patella. Next, an approxi-
mately 7-cm tendon-only graft is harvested in standard
fashion using the Quad Tendon Graft Cutting Guide
(Arthrex) and the Quad Tendon Stripper/Cutter
(Arthrex; Fig 3). The tourniquet is let down, and
bleeding is controlled with electrocautery.

Graft Preparation
The graft is taken to the back table, and the ends are

prepared using a SpeedWhip ripstop technique with
No. 2 FiberLoop with FiberTag Tape (Arthrex; Fig 4).

Fig 3. An approximately 7-cm tendon-only graft is harvested in standard fashion using the Quad Tendon Graft Cutting Guide
(A) and the Quad Tendon Stripper/Cutter (B and C).
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Graft Harvest
Minimally invasive all soft tissue quadriceps tendon

graft harvest is performed in similar fashion to the
technique as described by Slone et al.14 The knee is
flexed to 90! to place tension on the quadriceps and
facilitate harvesting. A mixture of saline and epineph-
rine is injected into the skin and subcutaneous tissue to
distend the tissue off the tendon. An approximately
2-cm-long vertical incision is made at the apex of the
patella. Subcutaneous fat is dissected and removed
proximally and distally from the incision for adequate
visualization. Blunt dissection is performed to sweep
tissue off of the quad tendon and anterior patella. A
retractor is used to lift the skin, and the arthroscope is

placed under the skin with the fluid off to visualize the
width and course of the tendon (Fig 2). A mark is
placed on the anterior thigh approximately 7 cm from
the superior border of the patella. Next, an approxi-
mately 7-cm tendon-only graft is harvested in standard
fashion using the Quad Tendon Graft Cutting Guide
(Arthrex) and the Quad Tendon Stripper/Cutter
(Arthrex; Fig 3). The tourniquet is let down, and
bleeding is controlled with electrocautery.

Graft Preparation
The graft is taken to the back table, and the ends are

prepared using a SpeedWhip ripstop technique with
No. 2 FiberLoop with FiberTag Tape (Arthrex; Fig 4).

Fig 3. An approximately 7-cm tendon-only graft is harvested in standard fashion using the Quad Tendon Graft Cutting Guide
(A) and the Quad Tendon Stripper/Cutter (B and C).
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Does it matter if you take the whole quad tendon? 

•  No difference in outcomes or complications 
between full-thickness and partial thickness 



My Preferred Technique 

A TightRope RT (Arthrex) is used on the femoral side,
and a TightRope ABS (Arthrex) is used on the tibial
side. The TightRope implants are secured by passing the
FiberLoop suture through the loop of each implant. On
the femoral side, the free FiberLoop sutures are cut and
tied, and the knot is buried into the tissue. The 2 free
No. 2 FiberLoop sutures on the tibial side are left in
place for later backup fixation. A luggage tagetype
suture with FiberWire (Arthrex) is temporarily placed
at the base of the loop on the no button TightRope to
protect the loop during passage.

Suture Tape Reinforcement
Reinforcement of the all-inside quadriceps graft

construct is completed by using a free needle to loop a
collagen-coated FiberTape suture through the button of
the TightRope RT implant with the 2 free ends of the
tape on the tibial side (Fig 5). The graft is pretensioned
on the GraftPro (Arthrex) at 20 pounds until its use
later in the procedure. It is soaked in a moist sponged
soaked in vancomycin.

ACL Reconstruction
Diagnostic arthroscopy is routinely performed, and

intra-articular findings are noted. Associated pathology
such as meniscus tears and chondral injuries are
treated. Next, the intercondylar notch is prepared. The
tibial insertion site and the femoral origin of the native
ACL are carefully inspected. Remnants of the native
ACL on the tibia are left attached for reference. Having
sized and prepared the graft on the back table, the
corresponding size tunnels are drilled in the femur and
tibia. The reconstruction is carried out using an
arthroscopic all-inside technique with the Retro-
Construction Drill Guide System (Arthrex). Using an

outside-in technique and the right footprint femoral
ACL guide set at 110!, a 25-mm femoral socket is
created at the ACL insertion with the FlipCutter drill
(Arthrex; Fig 6 A and B). Confirmation is made with
the camera showing that the back wall is intact. A
FiberStick (Arthrex) passing suture is passed and
clamped outside the knee (Fig 6C). The same process is
used for the preparation of a 30-mm tibial socket at the
native ACL footprint with the tibial guide set at 60!

(Fig 7 Q1). The tibia is prepared through a 2-cm vertical
skin incision made over the anteromedial tibia. A
PassPort (Arthrex) cannula is placed in the inferomedial
portal, and the passing sutures are pulled out through
the cannula to avoid a soft tissue bridge.

Graft Fixation
A goal of 20 mm of graft in each socket is desired. The

graft is passed into the femoral socket using the Tight-
Rope RT shortening sutures, and the knee is cycled 20
times. The tibial side of the graft with the TightRope
ABS, No. 2 FiberLoop sutures, and FiberTape is then
advanced into the tibia. The knee is brought into full
extension. An 11-mm concave ABS button (Arthrex) is
applied to the TightRope ABS. The No. 2 FiberLoop
backup sutures and FiberTape are also secured in the
button with the FiberTape sutures situated peripherally
(Fig 8). With an assistant applying a posterior drawer
force, the shortening sutures from the TightRope ABS
are secured to the ABS button for final fixation. The
knee is cycled several times again for further
tensioning, and all shortening sutures are retightened
with the knee in full extension and posterior drawer
force applied. The TightRope sutures on the femoral
and tibial sides are tied to their respective buttons for
backup fixation.15 The free No. 2 FiberLoop sutures on
the tibial side are tied over the ABS button in similar

Fig 4. The graft is prepared using a SpeedWhip ripstop
technique with No. 2 FiberLoop with FiberTag Tape. A
TightRope RT is used on the femoral side, and a TightRope
ABS is used on the tibial side. The TightRope implants are
secured by passing the FiberLoop suture through the loop of
each implant. On the femoral side, the free FiberLoop sutures
are cut and tied, and the knot is buried into the tissue. The 2
free No. 2 FiberLoop sutures on the tibial side are left in place
for later backup fixation.

Fig 5. To create the ligament reinforcement construct, a
FiberTape suture is looped through the button of the Tight-
Rope RT implant (asterisk) with the 2 free ends of the tape
toward the tibial side of the graft (white arrow).
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A TightRope RT (Arthrex) is used on the femoral side,
and a TightRope ABS (Arthrex) is used on the tibial
side. The TightRope implants are secured by passing the
FiberLoop suture through the loop of each implant. On
the femoral side, the free FiberLoop sutures are cut and
tied, and the knot is buried into the tissue. The 2 free
No. 2 FiberLoop sutures on the tibial side are left in
place for later backup fixation. A luggage tagetype
suture with FiberWire (Arthrex) is temporarily placed
at the base of the loop on the no button TightRope to
protect the loop during passage.

Suture Tape Reinforcement
Reinforcement of the all-inside quadriceps graft

construct is completed by using a free needle to loop a
collagen-coated FiberTape suture through the button of
the TightRope RT implant with the 2 free ends of the
tape on the tibial side (Fig 5). The graft is pretensioned
on the GraftPro (Arthrex) at 20 pounds until its use
later in the procedure. It is soaked in a moist sponged
soaked in vancomycin.

ACL Reconstruction
Diagnostic arthroscopy is routinely performed, and

intra-articular findings are noted. Associated pathology
such as meniscus tears and chondral injuries are
treated. Next, the intercondylar notch is prepared. The
tibial insertion site and the femoral origin of the native
ACL are carefully inspected. Remnants of the native
ACL on the tibia are left attached for reference. Having
sized and prepared the graft on the back table, the
corresponding size tunnels are drilled in the femur and
tibia. The reconstruction is carried out using an
arthroscopic all-inside technique with the Retro-
Construction Drill Guide System (Arthrex). Using an

outside-in technique and the right footprint femoral
ACL guide set at 110!, a 25-mm femoral socket is
created at the ACL insertion with the FlipCutter drill
(Arthrex; Fig 6 A and B). Confirmation is made with
the camera showing that the back wall is intact. A
FiberStick (Arthrex) passing suture is passed and
clamped outside the knee (Fig 6C). The same process is
used for the preparation of a 30-mm tibial socket at the
native ACL footprint with the tibial guide set at 60!

(Fig 7 Q1). The tibia is prepared through a 2-cm vertical
skin incision made over the anteromedial tibia. A
PassPort (Arthrex) cannula is placed in the inferomedial
portal, and the passing sutures are pulled out through
the cannula to avoid a soft tissue bridge.

Graft Fixation
A goal of 20 mm of graft in each socket is desired. The

graft is passed into the femoral socket using the Tight-
Rope RT shortening sutures, and the knee is cycled 20
times. The tibial side of the graft with the TightRope
ABS, No. 2 FiberLoop sutures, and FiberTape is then
advanced into the tibia. The knee is brought into full
extension. An 11-mm concave ABS button (Arthrex) is
applied to the TightRope ABS. The No. 2 FiberLoop
backup sutures and FiberTape are also secured in the
button with the FiberTape sutures situated peripherally
(Fig 8). With an assistant applying a posterior drawer
force, the shortening sutures from the TightRope ABS
are secured to the ABS button for final fixation. The
knee is cycled several times again for further
tensioning, and all shortening sutures are retightened
with the knee in full extension and posterior drawer
force applied. The TightRope sutures on the femoral
and tibial sides are tied to their respective buttons for
backup fixation.15 The free No. 2 FiberLoop sutures on
the tibial side are tied over the ABS button in similar

Fig 4. The graft is prepared using a SpeedWhip ripstop
technique with No. 2 FiberLoop with FiberTag Tape. A
TightRope RT is used on the femoral side, and a TightRope
ABS is used on the tibial side. The TightRope implants are
secured by passing the FiberLoop suture through the loop of
each implant. On the femoral side, the free FiberLoop sutures
are cut and tied, and the knot is buried into the tissue. The 2
free No. 2 FiberLoop sutures on the tibial side are left in place
for later backup fixation.

Fig 5. To create the ligament reinforcement construct, a
FiberTape suture is looped through the button of the Tight-
Rope RT implant (asterisk) with the 2 free ends of the tape
toward the tibial side of the graft (white arrow).

SCO 5.5.0 DTD ! XATS1204_proof ! 20 September 2018 ! 11:07 pm ! CE

e4 M. G. SAPER

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392

393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448Arthroscopy Techniques, 2018 



My Preferred Technique 

fashion. The knee is examined to ensure there is a
negative Lachman and negative pivot shift. The knee
should easily be brought from full extension to full
passive flexion, indicating no restriction from the graft.
The arthroscope is then carefully placed back into the
joint to inspect the graft to ensure excellent tension to
probing and no impingement on the lateral wall or in
full extension.

Suture Tape Tensioning
Tensioning of the InternalBrace is performed inde-

pendently after the graft as described by Smith and
Bley.11 The ACL Backup Fixation System (Arthrex) is
used to secure the FiberTape sutures on the tibia.
Approximately 1.5 cm distal to the ABS button, the
spade tip drillQ2 is drilled into the tibia to the depth of the

drill collar (20 mm). The hole is tapped twice with the
4.75-mm tap. The FiberTape sutures are passed through
the eyelet of the 4.75-mm BioComposite SwiveLock
(Arthrex). The anchor is pushed into the drill hole until
the eyelet is fully seated. The knee is kept in full hy-
perextension to avoid limiting motion. To avoid stress
shielding of the graft, a hemostat is placed underneath
the 2 free ends of the FiberTape (Fig 9). With tension
maintained on the sutures, the anchor is screwed into
the tibia. The knee is checked to confirm full ROM. The
arthroscope can be placed back into the joint to inspect
the tension of the FiberTape sutures (Fig 10).

Closure
The wounds are irrigated copiously, and the knee is

cleared of any loose debris. The subcutaneous layer and

Fig 6. (A) Using an outside-in technique and the femoral guide set at 110!, a 25-mm femoral socket is created within the native
ACL footprint with the FlipCutter drill (right knee) (A). Right knee viewed from the inferomedial portal with a 30! arthroscope.
The FlipCutter drill (white arrow) enters the knee within the native ACL footprint on the femur (B). A FiberStick passing suture
(asterisk) is passed from outside-in through the femoral socket and clamped outside the knee (C).

AUTOGRAFT ACL RECONSTRUCTION e5

449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504

505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560

SCO 5.5.0 DTD ! XATS1204_proof ! 20 September 2018 ! 11:07 pm ! CE

fashion. The knee is examined to ensure there is a
negative Lachman and negative pivot shift. The knee
should easily be brought from full extension to full
passive flexion, indicating no restriction from the graft.
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joint to inspect the graft to ensure excellent tension to
probing and no impingement on the lateral wall or in
full extension.
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Bley.11 The ACL Backup Fixation System (Arthrex) is
used to secure the FiberTape sutures on the tibia.
Approximately 1.5 cm distal to the ABS button, the
spade tip drillQ2 is drilled into the tibia to the depth of the

drill collar (20 mm). The hole is tapped twice with the
4.75-mm tap. The FiberTape sutures are passed through
the eyelet of the 4.75-mm BioComposite SwiveLock
(Arthrex). The anchor is pushed into the drill hole until
the eyelet is fully seated. The knee is kept in full hy-
perextension to avoid limiting motion. To avoid stress
shielding of the graft, a hemostat is placed underneath
the 2 free ends of the FiberTape (Fig 9). With tension
maintained on the sutures, the anchor is screwed into
the tibia. The knee is checked to confirm full ROM. The
arthroscope can be placed back into the joint to inspect
the tension of the FiberTape sutures (Fig 10).

Closure
The wounds are irrigated copiously, and the knee is

cleared of any loose debris. The subcutaneous layer and

Fig 6. (A) Using an outside-in technique and the femoral guide set at 110!, a 25-mm femoral socket is created within the native
ACL footprint with the FlipCutter drill (right knee) (A). Right knee viewed from the inferomedial portal with a 30! arthroscope.
The FlipCutter drill (white arrow) enters the knee within the native ACL footprint on the femur (B). A FiberStick passing suture
(asterisk) is passed from outside-in through the femoral socket and clamped outside the knee (C).
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fashion. The knee is examined to ensure there is a
negative Lachman and negative pivot shift. The knee
should easily be brought from full extension to full
passive flexion, indicating no restriction from the graft.
The arthroscope is then carefully placed back into the
joint to inspect the graft to ensure excellent tension to
probing and no impingement on the lateral wall or in
full extension.

Suture Tape Tensioning
Tensioning of the InternalBrace is performed inde-

pendently after the graft as described by Smith and
Bley.11 The ACL Backup Fixation System (Arthrex) is
used to secure the FiberTape sutures on the tibia.
Approximately 1.5 cm distal to the ABS button, the
spade tip drillQ2 is drilled into the tibia to the depth of the

drill collar (20 mm). The hole is tapped twice with the
4.75-mm tap. The FiberTape sutures are passed through
the eyelet of the 4.75-mm BioComposite SwiveLock
(Arthrex). The anchor is pushed into the drill hole until
the eyelet is fully seated. The knee is kept in full hy-
perextension to avoid limiting motion. To avoid stress
shielding of the graft, a hemostat is placed underneath
the 2 free ends of the FiberTape (Fig 9). With tension
maintained on the sutures, the anchor is screwed into
the tibia. The knee is checked to confirm full ROM. The
arthroscope can be placed back into the joint to inspect
the tension of the FiberTape sutures (Fig 10).

Closure
The wounds are irrigated copiously, and the knee is

cleared of any loose debris. The subcutaneous layer and

Fig 6. (A) Using an outside-in technique and the femoral guide set at 110!, a 25-mm femoral socket is created within the native
ACL footprint with the FlipCutter drill (right knee) (A). Right knee viewed from the inferomedial portal with a 30! arthroscope.
The FlipCutter drill (white arrow) enters the knee within the native ACL footprint on the femur (B). A FiberStick passing suture
(asterisk) is passed from outside-in through the femoral socket and clamped outside the knee (C).
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skin are closed in standard fashion. Sterile dressings are
applied, and the leg is placed in a hinged knee brace
locked in full extension.

Postoperative Protocol
Formal postoperative rehabilitation is initiated 3 to

4 days following surgery and consists of 6 separate
phases. Weight bearing as tolerated is allowed imme-
diately postoperatively in a hinged brace locked in full
extension. The brace is worn during the first 6 weeks. It
is kept locked in extension for the first 2 to 4 weeks.
During the first week, ROM exercises are initiated and
exercises to reestablish quadriceps control are begun.
During phase 2, the patient works to gradually improve
ROM (ideally 90! by week 4). Phase 3 goals include

working to gradually restore full ROM, restoring
muscular strength and balance, and enhancing neuro-
muscular control. Phases 4 and 5 focus on strength,
power, and endurance, as well as the progression of
functional activities. Track or treadmill running is not
started before 4 months postop. For adolescent patients
involved in pivoting sports, return to sport is allowed a
minimum of 9 months after surgery on successful
completion of a formal strength and functional
assessment.

Discussion
This Technical Note detailed a surgical technique of

suture tape reinforcement during primary quadriceps
tendon autograft ACL reconstruction using an all-inside

Fig 7. Using an outside-in technique and the tibial guide set at 60!, a 30-mm tibial socket is created within the native anterior
cruciate ligament footprint with the FlipCutter drill (right knee) (A). Right knee viewed from the inferomedial portal with a 30!

arthroscope. The tibial guide (white arrow) is placed at the native anterior cruciate ligament footprint on the tibia (B). A
TigerStick passing suture (asterisk) is passed from outside in through the tibial socket, pulled out through the PassPort cannula,
and clamped outside the knee (C).
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skin are closed in standard fashion. Sterile dressings are
applied, and the leg is placed in a hinged knee brace
locked in full extension.

Postoperative Protocol
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4 days following surgery and consists of 6 separate
phases. Weight bearing as tolerated is allowed imme-
diately postoperatively in a hinged brace locked in full
extension. The brace is worn during the first 6 weeks. It
is kept locked in extension for the first 2 to 4 weeks.
During the first week, ROM exercises are initiated and
exercises to reestablish quadriceps control are begun.
During phase 2, the patient works to gradually improve
ROM (ideally 90! by week 4). Phase 3 goals include

working to gradually restore full ROM, restoring
muscular strength and balance, and enhancing neuro-
muscular control. Phases 4 and 5 focus on strength,
power, and endurance, as well as the progression of
functional activities. Track or treadmill running is not
started before 4 months postop. For adolescent patients
involved in pivoting sports, return to sport is allowed a
minimum of 9 months after surgery on successful
completion of a formal strength and functional
assessment.

Discussion
This Technical Note detailed a surgical technique of

suture tape reinforcement during primary quadriceps
tendon autograft ACL reconstruction using an all-inside

Fig 7. Using an outside-in technique and the tibial guide set at 60!, a 30-mm tibial socket is created within the native anterior
cruciate ligament footprint with the FlipCutter drill (right knee) (A). Right knee viewed from the inferomedial portal with a 30!

arthroscope. The tibial guide (white arrow) is placed at the native anterior cruciate ligament footprint on the tibia (B). A
TigerStick passing suture (asterisk) is passed from outside in through the tibial socket, pulled out through the PassPort cannula,
and clamped outside the knee (C).
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skin are closed in standard fashion. Sterile dressings are
applied, and the leg is placed in a hinged knee brace
locked in full extension.

Postoperative Protocol
Formal postoperative rehabilitation is initiated 3 to

4 days following surgery and consists of 6 separate
phases. Weight bearing as tolerated is allowed imme-
diately postoperatively in a hinged brace locked in full
extension. The brace is worn during the first 6 weeks. It
is kept locked in extension for the first 2 to 4 weeks.
During the first week, ROM exercises are initiated and
exercises to reestablish quadriceps control are begun.
During phase 2, the patient works to gradually improve
ROM (ideally 90! by week 4). Phase 3 goals include

working to gradually restore full ROM, restoring
muscular strength and balance, and enhancing neuro-
muscular control. Phases 4 and 5 focus on strength,
power, and endurance, as well as the progression of
functional activities. Track or treadmill running is not
started before 4 months postop. For adolescent patients
involved in pivoting sports, return to sport is allowed a
minimum of 9 months after surgery on successful
completion of a formal strength and functional
assessment.

Discussion
This Technical Note detailed a surgical technique of

suture tape reinforcement during primary quadriceps
tendon autograft ACL reconstruction using an all-inside

Fig 7. Using an outside-in technique and the tibial guide set at 60!, a 30-mm tibial socket is created within the native anterior
cruciate ligament footprint with the FlipCutter drill (right knee) (A). Right knee viewed from the inferomedial portal with a 30!

arthroscope. The tibial guide (white arrow) is placed at the native anterior cruciate ligament footprint on the tibia (B). A
TigerStick passing suture (asterisk) is passed from outside in through the tibial socket, pulled out through the PassPort cannula,
and clamped outside the knee (C).
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technique. An advantage of this technique is that it is a
reproducible method of independent tensioning of the
FiberTape sutures, thereby protecting the graft during
the proliferation, maturation, and ligamentization
phases of healing. It also can be used with existing all-
inside ACL reconstruction techniques, including
physeal-sparing reconstructions in pediatric patients.
Furthermore, although described here with primary
ACL reconstruction in the case of an isolated ACL
injury, it can be used in the setting of multiligament
knee injuries and the revision setting.
ACL injuries are common among adolescent athletes

and are rising with increased participation in higher
level athletics at earlier ages.1 In these young patients,
often with open physes, soft tissue grafts continue to
be the primary graft choice for ACL reconstruction.2-4

Re-injury continues to be a concern in this high-risk
age group, with failure rates 2 to 3 times higher
than in adults.4-6 Multiple factors seem to predispose
the adolescent population to ACL reinjury. Morgan
et al.1 showed that a third of patients younger than
19 years are at risk of further ACL graft ruptures to
either knee after primary ACL reconstruction, espe-
cially in patients with a family history of ACL injury,

young male patients, and those returning to cutting or
pivoting sports.
Although good results after revision ACL surgery

have been reported in this high-risk population,

Fig 8. With the knee in full extension, an 11-mm concave
ABS button (white arrow) is applied to the TightRope ABS.
The No. 2 FiberLoop backup sutures and FiberTape are also
secured in the button with the FiberTape sutures situated
peripherally (right knee).

Fig 9. Tensioning of the InternalBrace. The FiberTape sutures
are passed through the eyelet of the 4.75-mm BioComposite
SwiveLock. The anchor is pushed into the drill hole until the
eyelet is fully seated. The knee is kept in full hyperextension
to avoid limiting motion. To avoid stress shielding of the graft,
a hemostat is placed underneath the 2 free ends of the
FiberTape (white arrow). With tension maintained on the
sutures, the anchor is screwed into the tibia.

Fig 10. Right knee viewed from the inferomedial portal with a
30! arthroscope. The arthroscope is placed back into the joint to
inspect the tension of the FiberTape sutures (white arrow).
Overtensioning can lead to stiffness, loss of motion, and stress
shielding of the graft, which can interfere with incorporation.
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technique. An advantage of this technique is that it is a
reproducible method of independent tensioning of the
FiberTape sutures, thereby protecting the graft during
the proliferation, maturation, and ligamentization
phases of healing. It also can be used with existing all-
inside ACL reconstruction techniques, including
physeal-sparing reconstructions in pediatric patients.
Furthermore, although described here with primary
ACL reconstruction in the case of an isolated ACL
injury, it can be used in the setting of multiligament
knee injuries and the revision setting.
ACL injuries are common among adolescent athletes

and are rising with increased participation in higher
level athletics at earlier ages.1 In these young patients,
often with open physes, soft tissue grafts continue to
be the primary graft choice for ACL reconstruction.2-4

Re-injury continues to be a concern in this high-risk
age group, with failure rates 2 to 3 times higher
than in adults.4-6 Multiple factors seem to predispose
the adolescent population to ACL reinjury. Morgan
et al.1 showed that a third of patients younger than
19 years are at risk of further ACL graft ruptures to
either knee after primary ACL reconstruction, espe-
cially in patients with a family history of ACL injury,

young male patients, and those returning to cutting or
pivoting sports.
Although good results after revision ACL surgery

have been reported in this high-risk population,

Fig 8. With the knee in full extension, an 11-mm concave
ABS button (white arrow) is applied to the TightRope ABS.
The No. 2 FiberLoop backup sutures and FiberTape are also
secured in the button with the FiberTape sutures situated
peripherally (right knee).

Fig 9. Tensioning of the InternalBrace. The FiberTape sutures
are passed through the eyelet of the 4.75-mm BioComposite
SwiveLock. The anchor is pushed into the drill hole until the
eyelet is fully seated. The knee is kept in full hyperextension
to avoid limiting motion. To avoid stress shielding of the graft,
a hemostat is placed underneath the 2 free ends of the
FiberTape (white arrow). With tension maintained on the
sutures, the anchor is screwed into the tibia.

Fig 10. Right knee viewed from the inferomedial portal with a
30! arthroscope. The arthroscope is placed back into the joint to
inspect the tension of the FiberTape sutures (white arrow).
Overtensioning can lead to stiffness, loss of motion, and stress
shielding of the graft, which can interfere with incorporation.
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Independent Suture Tape Reinforcement of Small
and Standard Diameter Grafts for Anterior Cruciate
Ligament Reconstruction: A Biomechanical Full

Construct Model
Samuel Bachmaier, M.Sc., Patrick A. Smith, M.D., Jordan Bley, B.A., and

Coen A. Wijdicks, Ph.D.

Purpose: To compare the dynamic elongation, stiffness behavior, and ultimate failure load of standard with small
diameter soft tissue grafts for anterior cruciate ligament (ACL) reconstruction with and without high-strength suture tape
reinforcement. Methods: Both a tripled “small” diameter and a “standard” quadrupled tendon graft with and without
suture tape reinforcement were tested using suspensory fixation (n ¼ 8 each group). The suture tape was passed through
the suspensory fixation button on the femur and tibia to ensure independent (safety belt) fixation from the graft in vitro.
The testing of the constructs included position-controlled cyclic loading, force-controlled cyclic loading at 250 N and 400 N
as well as pull to failure (50 mm/min). Results: Reinforcement of a small diameter graft significantly reduced dynamic
elongation of 38% (1.46 " 0.28 mm vs 2.34 " 0.44 mm, P < .001) and 50% (2.55 " 0.44 mm vs 5.06 " 0.67 mm, P <
.001) after the 250 N and 400 N load protocol, respectively. Reinforcement of a standard diameter tendon graft decreased
dynamic elongation of 15% (1.59 " 0.34 mm vs 1.86 " 0.17 mm, P ¼ .066) and 26% (2.62 " 0.44 mm vs 3.55 "
0.44 mm, P < .001). No significant difference was found between both reinforced models. The ultimate failure loads of
small and standard diameter reinforced grafts were 1592 " 105 N and 1585 " 265 N, resulting in a 64% (P < .001) and
40% (P < .001) increase compared with their respective controls. Conclusions: Independent suture tape reinforcement
of soft tissue grafts for ACL reconstruction leads to significantly reduced elongation and higher ultimate failure load ac-
cording to in vivo native ACL function data without stress-shielding the soft tissue graft. Clinical Relevance: If in vitro
results are translational to human knees in vivo, the suture tape reinforcement technique for ACL reconstruction may
decrease the risk of graft tears, particularly in the case of small diameter soft tissue grafts.

See commentary on page 500

Anterior cruciate ligament (ACL) reconstruction is
one of the most commonly performed orthopae-

dic surgical procedures, with between 100,000 and

150,000 performed annually in the United States.1,2

Recent studies have shown the rate of ACL graft
rupture can be as high as 23% in patients below the age
of 20 years.3 In addition, articles have shown failure
rates as high as 35% after the use of allograft tissue in
young (10-25 years) patients.4,5 This is of particular
concern considering multiple studies have shown that
the clinical results of revision ACL reconstruction are
inferior to primary reconstruction.6,7

Hamstring (HS) tendons allow limited size prediction
before surgery because of a large variability in graft
length and diameter.8 Previous studies have shown that
shorter, lighter-weight patients have an increased risk
of “small diameter” HS grafts (<8 mm).9,10 These small
diameter grafts are associated with higher revision rates
in young patients.11-13

Augmentation for ACL grafts is historically not a new
concept and was introduced back in 1980.14
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•  Significantly reduced elongation and higher ultimate failure 
load without stress-shielding 



9-month Outcomes and RTS Results 

9-month data  
Pedi-IKDC 92.1 
Lysholm 97.2 
Tegner 7.1 
Isometric (Q) 93.1% 
Isometric (HS) 98.2% 
Isokinetic 60 deg (Q) 82.8% 
Isokinetic  60 deg (HS) 104.4%  
Isokinetic 180 deg (Q) 84.6% 
Isokinetic 180 deg (HS) 94.7% 
 

Lower Quarter Y Balance Test 
LQYBT comp (surg) 106.5 
LQYBT comp (non-surg) 105.3 
LQYBT ant reach 2.3cm 
 
Hop Tests 

 SLH 95.1% 
 TLH 96.6% 
 Crossover hop 97.3% 
 Timed hop 98.4% 
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Methods (cont’d) Discussion 

ISOMETRIC STRENGTH AND FUNCTIONAL TESTING AFTER  
MPFL RECONSTRUCTION IN ADOLESCENT ATHLETES 

Michael Saper, DO, ATC, CSCS; Peter Fantozzi; Viviana Bompadre, PhD; Mimi Racicot, PT, DPT, SCS; Greg Schmale, MD 
Seattle Children’s, Department of Orthopaedics and Sports Medicine, Seattle, WA 

 

Background Results 
Return to sport (RTS) after patella 
stabilization surgery involves the return of 
strength and dynamic knee stability, which 
can be assessed using isometric strength 
and performance testing. Despite reports of 
objective strength recovery and 
performance-based outcome measures 
after ACL reconstruction in the adolescent 
population, such reports in patients after 
medial patellofemoral ligament (MPFL) 
reconstruction are limited.1-3  
 
 
 

•  To compare isometric strength and 
functional tests in the reconstructed limb 
with the non-injured limb. 

 
 
 
•  An IRB-approved retrospective study.  
•  21 athletes (15 girls, 6 boys) underwent 

MPFL reconstruction between May 2014 
and June 2017 and underwent isometric 
and functional RTS testing.  

•  Single pediatric fellowship-trained 
orthopedic surgeon. 

•  Patients with bilateral surgery/
complaints were excluded. 

•  Indwelling femoral nerve catheters 
(94.7%) or a single shot femoral nerve 
block (5.3%). 

•  Tourniquets were not utilized. 

•  Peak torques during isometric strength 
testing were performed with a handheld 
digital dynamometer (Fig. 1). 

•  Functional tests included: Lower Quarter 
Y-Balance Test (LQYBT) (Fig. 2) and 
single-leg hop testing (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
•  Limb Symmetry Indices (LSI) were 

calculated using the following: LSI = 
(involved/uninvolved) x 100%. 

•  Recovery of muscle strength was 
defined by an LSI ≥ 90%. 

•  Passing the functional dynamic testing 
was defined as LSI ≥ 90% on all 4 
components of the hop test.  

•  Differences in peak torque between the 
involved and uninvolved limbs were 
compared using paired t-tests.  

•  Correlations were examined among 
dependent and independent variables  

•  Adolescent athletes undergoing patella 
stabilization surgery do not consistently 
recover satisfactory strength and 
dynamic knee stability by 7.9 months 
postoperatively.  

•  There was a significant deficit in 
isometric strength in the involved limb 
after surgery, with deficits more 
pronounced in the quadriceps. 

•  Limitations included small sample size, 
no control group, single surgeon, lack 
of patient-reported outcome measures. 

 
 
•  After MPFL reconstruction, adolescents 

may need prolonged rehabilitation 
programs beyond 8 months to allow for 
adequate recovery of muscle strength 
for safe RTS. 

 

Purpose 

Table 1. Patient Demographics 
Characteristic Value 
Age (y), mean (range) 15 (12-17) 
Graft Type  (% auto) 66.6 
Time to test (mo), mean (range) 7.8 (5.5-11.9) 
Concomitant TTO (%) 38.1 

 

•  LQYBT composite scores positively 
correlated to hip abduction strength (r = 
0.515, P = 0.035). 

•  Only 46% of patients were able to 
achieve satisfactory performance on all 
4 hop tests. 
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Methods Table 3. LSI of Involved Leg (%) 
Functional Test Data* 
LQYBT-composite 97.8 ± 3.7 
Single hop for distance 89.8 ± 16.2 
Triple hop for distance 94.0 ± 5.7 
Crossover hop for distance 96.3 ± 12.1 
Timed hop 100.5 ± 11.1 
*Data reported as mean ± SD 

Figure 2. LQYBT 

Figure 1. Hip abduction 
Isometric strength testing  

Figure 3. Diagram of single-leg 
 hop tests 

Conclusions 

Table 2. Peak Torque (lbs)* and LSI (%) 
Test Involved Uninvolved LSI P 
Knee 

Extension 69.8 ± 22.3 77.3 ± 19.7 84.4 0.043 

Knee 
Flexion 41.1 ± 9.2 45.3 ± 9.5 93.5 0.083 

Hip 
Abduction 23.4 ± 6.6 24.8 ± 21.8 97.8 0.045 

*Data reported as mean ± SD 



Strength recovery 

 
•  Quad tendon has better isokinetic H/Q ratio compared to 

HS 

LEVEL 1 



Thank you for your attention! 
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