
ABSTRACT
Background: ACL injuries are common among sports populations and achieving adequate lower extremity strength is important prior to return to play.  
Access to isokinetic testing equipment that measures lower extremity strength is limited.  Screening tools that measure functional criteria are accessible 
to clinicians, however the tools’ relationship to strength constructs have not been investigated in an ACL reconstructed (ACLR) population. 

Purpose: The primary objective was to determine if relationships exist between isokinetic peak knee extension torque (PKET), peak knee flexion 
torque (PKFT), hamstring to quadriceps (HQ) ratios, and YBT-LQ performance following ACLR. The secondary objective was to observe differences 
in isokinetic strength ability between high and low performers on the YBT-LQ.  

Study Design: Retrospective Chart Review

Methods: Medical records of forty-five ACL-reconstructed subjects, between five-12 months post-surgery were queried for functional assessment data 
collected during the institution’s standard outcome testing battery.  Variables of interest included: demographic and anthropomorphic measures, YBT-
LQ performance, and involved limb isokinetic PKET, PKFT, and HQ ratios. Performance on each measure, as well as asymmetry between sides, was 
analyzed using a correlation matrix.

Results: Statistically significant (p<0.01) relationships were identified between YBT-LQ anterior reach asymmetry and the PKET deficit (r=0.264).  
PKET and PKFT on the involved limb correlated to performance of anterior reach (r=0.591, p<0.01)(r=0.493, p<0.01), posteromedial reach (r=0.498, 
p<0.01)(r=0.577, p<0.01), and posterolateral reach (r=0.294, p<0.05)(r=0.445, p<0.01) respectively.  Similar relationships existed on the unin-
volved side, but to a lesser extent. High and low performers on the YBT-LQ demonstrated lower and higher extension torque deficits, respectively.   

Conclusion: While each test measures unique constructs, there are associations between components of the tests.  In the ACLR population, both the 
YBT-LQ and isokinetic strength testing can expose asymmetries and impact return to play decision making. 

Level of evidence: 2b
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differences between the injured and non-injured 
limbs. This may expose asymmetries at the limit 
of the athlete’s stability (much like what may be 
observed during athletic movements), which can be 
of benefit when returning an athlete from an injury. 

Since the YBT-LQ is a functional outcome measure 
that can be easily utilized in the clinic, it may serve 
as a good evaluative tool in determining return to 
sport. As such, it is important to understand how it 
correlates with other commonly reported measures 
such as quadriceps and hamstring strength. To date, 
there are few reports that have investigated the rela-
tionship between lower extremity muscular ability 
and YBT-LQ performance.18,19,20  These include EMG 
studies of lower extremity musculature during the 
Star Excursion Balance Test as well as one study com-
paring YBT-LQ performance with eccentric isokinetic 
knee flexion and extension torque in healthy subjects.  
The primary objective was to determine if relation-
ships exist between isokinetic peak knee extension 
torque (PKET), peak knee flexion torque (PKFT), 
hamstring to quadriceps (HQ) ratios, and YBT-LQ per-
formance following ACLR. The secondary objective 
was to observe differences in isokinetic strength abil-
ity between high and low performers on the YBT-LQ. 

METHODS

Study Design
The study involved a retrospective analysis of patient 
data at an outpatient hospital-based sports medicine 
physical therapy clinic. The study was approved by 
the Duke University Health System Institutional 
Review Board. 

Subjects 
Males and females age 15-35 years with primary 
ACL reconstruction either in isolation or in combi-
nation with a meniscal repair or meniscectomy were 
included. Surgical procedures took place between 
01/01/2007 – 10/15/2013 by one of three surgeons 
and included hamstring grafts, bone-patellar tendon- 
bone grafts, and allografts.  Exclusion criteria included 
subjects who had undergone a revision procedure. 

Procedures 
The subject’s medical record was queried for func-
tional assessment data which was collected between 

INTRODUCTION
ACL ruptures remain common among adolescents 
and young adults participating in sports resulting 
in about 150,000 to 200,000 ACL reconstructions 
performed each year.1  For an athlete to return to 
his or her selected sport or vigorous activity, ACL 
reconstruction surgery is often performed, followed 
by a rehabilitation program typically lasting six to 
12 months.1,2,3,4 To date, there has been no consen-
sus on criteria for return to sport nor have universal 
guidelines been established to determine readiness 
to return an athlete to previous level of sport, to 
decrease re-injury rates, or to preserve long-term joint 
health.1,2,4,5, In general, a combination of time after 
surgery, subjective report, graft laxity, joint range of 
motion, strength, and functional testing is commonly 
used to determine the athlete’s physical readiness to 
return to prior level of activity.1,2,6,7,8

With regard to assessing strength, one commonly 
reported criteria is the patient’s ability to demon-
strate isokinetic quadriceps strength of at least 85% 
of the non-injured lower extremity and a hamstring 
to quadriceps (HQ) ratio of 2:3.6-10 Researchers have 
historically promoted isokinetic testing as the best 
tool for quantifying torque asymmetries in lower 
limb strength.11 However, isokinetic dynamom-
eters are expensive, require additional time and 
training, and are often inaccessible in a majority 
of clinical settings. To improve feasibility of quan-
tifying deficits in lower limb strength and func-
tion, it may be beneficial to establish a screening 
tool that would capture strength deficits that are 
similar to those measured during isokinetic testing. 
An abundance of lower extremity screening tools 
have been reported in the literature, most of which 
incorporate some level of functional or sport spe-
cific criteria.1,12 Poor performance on certain tests 
has been associated with an elevated risk of lower 
extremity injury.2,7,13  The Y Balance Test for the 
Lower Quarter (YBT-LQ) (a derivative of the ante-
rior, posteromedial, and posterolateral reaches of 
the Star Excursion Balance Test (SEBT)) is one such 
test with good to excellent intra-rater and interrater 
reliability that has been used to predict injuries in 
high school athletes.14,15 Dynamic balance tests, such 
as the SEBT and the YBT-LQ, have been shown to 
be a reliable measure of an athlete’s functional abili-
ties.6,14,15,17 Specifically, the YBT-LQ is able to capture 
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the angular velocities of 60, 180 and 240 degrees per 
second. Tests were performed in sitting while ensur-
ing stabilization by applying straps to the trunk, waist, 
and thigh. The inferior resistance pad was placed at a 
level one inch proximal to the medial malleolus and 
the superior pad was placed an inch below the tibial 
tubercle. The lateral femoral condyle was used as an 
anatomic reference for the axis of rotation.22  The range 
of motion tested was 0-90 degrees.  Five repetitions at 
60 degrees per second, five repetitions at 180 degrees 
per second, and fifteen repetitions at 240 degrees per 
second were performed with a one minute rest inter-
val between speeds. The patient was able to practice 
each speed for three repetitions prior to the test rep-
etitions. Verbal motivation was provided during the 
test to encourage maximal effort. Torque values at the 
60 degrees/second conditions were analyzed as this 
speed is most commonly reported in the literature. 

Testing for the YBT-LQ followed a standardized pro-
tocol in which the subject started by standing with 
one foot on a stance plate with the most distal aspect 
of the foot at the starting line and then reached with 
the opposite leg in anterior, posteromedial and pos-
terolateral directions.12 (Figure 1) A standard num-
ber of practice trials (up to six) were allowed in 
order to minimize a learning effect. Each direction 
was repeated three times and the best repetition for 

five and 12 months post-operatively as part of the 
institution’s standard post-operative outcome testing 
battery. Demographic and anthropometric informa-
tion was collected including: age, gender, laterality of 
injury, body mass index, surgical procedure and time 
after surgery. Key variables of interest for return to 
sport criteria included: isokinetic testing (concentric/
concentric) performed at 60 degrees per second uti-
lizing the Cybex Isokinetic Dynamometer (Humac®/
Norm TM Testing and Rehabilitation System, Model 
770 Computer Sports Medicine Inc, Medical Solutions 
Stoughton, MA) to obtain peak extensor and flexor tor-
ques, and HQ ratios. Isokinetic testing was adminis-
tered by licensed physical therapists who underwent 
training for operating the testing equipment.  YBT-LQ 
was performed utilizing the Y-Balance Test Kit™ (Func-
tionalMovement.com, Danville, VA) for maximum 
reach distance in the anterior, posteromedial, postero-
lateral directions. The composite score for each limb 
was calculated and normalized to limb length. YBT-LQ 
testing was administered by staff (physical therapists, 
athletic trainers, and biomechanics lab staff) who were 
certified through an online course and examination. 

Isokinetic testing was conducted using the isokinetic 
dynamometer following the protocol outlined by Car-
done et al, as per the user manual.21,22 Concentric knee 
flexion and extension movements were assessed at 

Figure 1. Y-Balance Test of the Lower Quarter.   The direction of reach is named relative to the stationary lower extremity- a. 
anterior reach, b. posteromedial reach, c. posterolateral reach.
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each direction was recorded. The composite score, 
expressed as a percentage, was obtained by taking the 
average of the normalized reach scores ([anterior + 
posteromedial + posterolateral]*100/3*leg length).12

In all cases, isokinetic testing and YBT-LQ were con-
sidered standard of practice within the facility in 
which data were captured. The tests were performed 
during the same week, and not in the same order. 
All subjects followed standardized post-operative 
ACL rehabilitation guidelines staged by both chrono-
logical and biological healing time frames and graft 
type. The first phase focused on graft protection, nor-
malization of gait pattern, early ROM, swelling man-
agement, initial quadriceps activation and kinetic 
chain strengthening.  The second phase focused on 
establishing symmetrical knee ROM, achievement 
of active knee hyperextension, improved lower 
extremity strength, and good stability with dynamic 
knee activities. The third phase focused on improv-
ing strength to >85% of the non-involved extremity, 
performance of advanced proprioception exercises, 
improved aerobic endurance, initiation of plyomet-
ric exercises and return to running and functional 
training. The fourth phase focused on establishing 
equal bilateral lower extremity strength, balance, 
proprioception, and power in the lower extremities 
and return to sport activities. 

Sample Size
Sample size was not determined prior to the retro-
spective review. Rather, all eligible patients within 
the defined timeframe in which this testing was 
standard of practice were targeted. 

Data Analysis 
For the primary purpose, analysis was performed 
using IBM SPSS version 23.0.   Means and standard 
deviations were used to describe overall group 
descriptive statistics, as well as reported by male and 
female sex. All variables were analyzed for normal-
ity using a Shapiro Wilk test and 40% of variables 
did not exhibit a normal distribution.  A correlation 
matrix was run using Spearman Rho correlation sta-
tistics, a nonparametric equivalent to the Pearson 
Product test. Values close to -1 or +1 suggested a 
strong association whereas value closer to 0 sug-
gested no relationship. Relationships, as defined by 
Cohen, are 0.01-0.3 (weak), 0.3-0.5 (moderate), and 

0.5-0.99 (strong).23 An alpha value of 0.05 was used 
to quantify statistical significance.   To address the 
secondary purpose, the mean extensor and flexor 
peak torque values were calculated for the subjects 
who performed the anterior reach with an asymme-
try of 1 or less (high performers) and an asymmetry 
of 4 or greater (low performers). 

RESULTS
Data from the charts of 45 individuals who were 
seen from February 2011 to May 2014 was utilized. 
There were no more than seven days between the 
date of the isokinetic test and the date of the YBT-LQ 
test. Subjects were an average age of 21.1 ± 5.8 years 
and were primarily male (N=29, 22.6 ± 6.3 years). 
A total of 16 females (18.5 ± 3.6 years) were also 
included in the retrospective review. Demographics 
and anthropometrics for the subjects at the time of 
their surgery are detailed in Table 1.  Correlations 
between isokinetic testing and YBT-LQ balance test-
ing on the involved side (Table 2) and the uninvolved 
side (Table 3) are presented. 

With regard to the YBT-LQ composite scores, the 
involved side was moderately correlated to the peak 
flexor torque production (r=0.362) (p<0.01). Peak 
flexor torque was also moderately correlated to 
both anterior (r=0.493), posteromedial (r=0.577), 
and posterolateral (r=0.445) reach distances on the 
involved side (p<0.01). On the uninvolved side, the 
relationship between peak flexor torque and reach 
distances were correlated, but, to a lesser extent 
(r=0.281-0.338). (Table 2) On the involved side, 
relationships also existed between peak extensor 
torque values and the anterior (r=0.591) (p<0.01), 
posteromedial (r=0.498) (p<0.01), and posterolat-
eral (r=0.294) (p<0.05) reach distances. Again, rela-
tionships existed, to a lesser extent, between peak 
extensor torque and each reach distance on the 
uninvolved side, with only the posteromedial reach 
demonstrating a significant relationship (r=0.302) 
(p<.05).

With regard to asymmetries between limbs, the 
most significant, though weak, relationship existed 
between the anterior reach asymmetry and the 
extensor torque deficit (r=0.264) (p<0.01). Also, the 
posteromedial reach asymmetry significantly was 
correlated to extension deficit (r=0.303) (p<0.05). 
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DISCUSSION
The primary purpose of this retrospective inves-
tigation was to determine whether relationships 
exist between isokinetic extensor and flexor peak 
torque values and YBT-LQ performance in a group 
of patients who had undergone ACLR. As functional 
testing batteries are often included in examination 
for return to sport, it is important to understand 
how different tests are related so that the measures 
included in such a battery minimize redundancy 
and demonstrate ideal validity and predictive value. 
Both isokinetic testing and YBT-LQ have historically 
been used by clinicians as outcome measures and 

Additionally, YBT-LQ subjects were dichotomized 
into subgroups of low performers and high perform-
ers for additional observation. Those who demon-
strated greater than a 4 cm side to side deficit on the 
YBT-LQ anterior reach (n=14) were observed to show 
a side to side mean extensor deficit of27.36±19.12% 
on isokinetic testing compared to those that dem-
onstrated less than or equal to 1 cm anterior reach 
deficits (n=14) who had a mean extensor deficit of 
12.43±20.66%. However, there was only a minimal 
difference observed in side-to-side isokinetic flexor 
deficits (16.29±20.40%; 17.07±13.65%) for greater 
than 4cm or less than/equal to 1cm respectively.

Gender Number Height (m) Weight (kg) Age at Time of 
Surgery

Months a�er Surgery 

Mean  ± SD (range)

Laterality of 
Involved Limb

Female 16 1.68±0.06 66.52±6.62 18.5 ± 3.6 yrs 8.2 ± 2.0 (5.5 – 12.0) 8 Le�, 8 Right 

Male 29 1.78±0.07 80.59±12.44 22.6 ± 6.3 yrs 7.2 ± 1.8 (5.5 – 12.0) 14 Le�, 15 
Right 

Total 45 1.75±0.08 75.62±12.65 21.1 ± 5.8 yrs 7.6 ± 1.9 (4.7 – 12.0) 22 Le�, 23 
Right 

Table 1. Descriptive values for male and female subjects.  

Y-Balance Measures 
Anterior
Reach

Distance

Posterior-
medial 
Reach

Distance

Posterior-
lateral 
Reach

Distance

Asymmetry  
Anterior
Reach

Asymmetry 
Posteromedial 

Reach

Asymmetry  
Posterolateral 

Reach

Composite 
ScoresIsokinetic

Measures

Extension
Torque

.591** .498** .294* .165 -.136 -.010 .268 

Flexion
Torque

.493** .577** .445** .034 -.015 .032 .362**

Extension
Deficit  -.144 -.135 .037 .264** .303* .117 -.162 

Flexion
Deficit  -.248 -.280* -.186 .005 .063 -.152 -.139 

HQ Ratio 
-.037 .106 .216 -.075 .259 .054 .136 

*=significant at p<0.05 

**=significantn at p<0.01 

Table 2. Correlation values (r) between Y-Balance Test variables and isokinetic variables with the involved limb, using 
Spearman Rho
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directions on the YBT-LQ and peak torques suggest-
ing they measure similar constructs. This informa-
tion is useful as it might allow one to use certain 
reach distances on the YBT-LQ to help make clini-
cal judgments regarding the functional strength of 
the quadriceps and hamstrings. It also suggests that 
not all who perform poorly on the YBT-LQ will have 
poor torque output or that all who are weak, as mea-
sured using isokinetic testing, will fail the YBT-LQ. 
Those who do perform poorly on isokinetic testing 
and well on the YBT-LQ may have learned to adapt 
to strength deficits to better perform functionally. 
Conversely, those who perform well on isokinetic 
testing but poorly on functional testing may have 
other limitations that need to be addressed such as 
poor dorsiflexion range of motion or decreased bal-
ance and neuromuscular control.2,3,7,10,13,17

Reach Asymmetries
It is important to understand what role asymmetries 
in both functional movement and isolated strength 
play in injury risk and readiness to return to sport. 
Plisky et al. found that an anterior reach difference 
of 4 cm or more or a composite score less than or 
equal to 94% of leg length for women on the SEBT 
during a pre-participation athletic screening was 

included in decision making for return to sport. The 
data presented in this study indicate that relations of 
varying degrees do exist between the two tests.   

While limited studies examining the relationship 
between the YBT-LQ and isokinetic testing exist in a 
healthy population,18 Booysen et al compared eccen-
tric knee extensor and flexor torque (as a measure 
of strength) to normalized YBT-LQ composite scores 
and found a significant relationship between knee 
extension torque and YBT-LQ scores in the non-dom-
inant extremity of healthy soccer players.18 Their 
study did not include concentric strength measures 
and did not report relationships between strength 
and individual reach directions. In EMG studies 
performed on healthy, college-age subjects, vastus 
medialis contraction during the anterior and postero-
medial directions of the star excursion balance test 
ranged from 66% to greater than 100% maximal vol-
untary isometric contraction (MVIC). This suggests 
a requirement for functional knee extensor strength 
during this task.19,20 Both YBT-LQ and isokinetic test-
ing outcomes for the patients in the current study 
are similar to those reported in the literature. The 
results of the current study indicate that weak to 
moderate relationships exist between certain reach 

Y-Balance Measures 
Anterior
Reach

Distance

Posterior-
medial 
Reach

Distance

Posterior-
lateral 
Reach

Distance

Asymmetry  
Anterior
Reach

Asymmetry 
Posteromedial 

Reach

Asymmetry  
Posterolateral 

Reach

Composite 
ScoresIsokinetic

Measures

Extension
Torque

.269 .302* .223 .157 .033 .132 -.026 

Flexion
Torque

.293* .338* .281* .031 .010 .052 .161 

Extension
Deficit  -.026 .068 .058 .264** .303* .117 -.044 

Flexion
Deficit  -.236 -.160 -.311 .005 .063 -.152 -.060 

HQ Ratio 
.139 .083 .146 -.079 -.013 .114 .326* 

*=significant at p<0.05 

**=significant at p<0.01 

Table 3. Correlation values (r) between Y-Balance Test variables and isokinetic variables on Uninvolved limb using the 
Spearman Rho
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population.  Lastly, while the YBT-LQ is a derivative 
of the SEBT and the two are closely related, they 
are not interchangeable.25  Therefore, care must be 
taken when applying the results of this study to 
performance on the SEBT which may be more clin-
ically affordable than the YBT-LQ. Similarly, alterna-
tive methods of strength testing, such as hand held 
dynamometry or one repetition maximum, should 
be compared with caution as these methods were 
not included in the current study. 

CONCLUSIONS
Both the YBT-LQ and isokinetic testing may be 
administered independently to examine for perfor-
mance and torque deficits in the ACL reconstructed 
population. Based on the relationships reported in 
this study, anterior reach asymmetry and exten-
sion torque deficit in ACL reconstructed knees are 
related. Individual reach distances and peak knee 
extension and flexion torques demonstrate stron-
ger relationships in the involved knee versus the 
uninvolved knee.  This suggests that, in ACL recon-
structed patients, knee extensor and flexor strength 
is related to Y-Balance performance but cannot fully 
explain observed deficits. Neither test, in isolation 
can stand-alone and  the combination of both func-
tional and strength testing should be included in 
return to sport examination and assessment. 
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