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Drop Vertical Jump Landing Mechanics Are Similar
Between Patients With Quadriceps Tendon and

Patellar Tendon Autografts After Anterior Cruciate
Ligament Reconstruction
Jennifer Hunnicutt, Ph.D., A.T.C., Hannah Collins, B.S., Michelle McLeod, Ph.D., A.T.C.,
Chris Gregory, Ph.D., P.T., Harris Slone, M.D., and Kate Pfile, Ph.D., A.T.C.
Purpose: To compare the biomechanics of a drop vertical jump (DVJ) landing task and functional outcomes among
patients with anterior cruciate ligament reconstruction (ACLR) with quadriceps tendon (QT) and patellar tendon (PT)
autografts. Methods: Physically active patients who underwent primary ACLR with either a QT or PT autograft were
included in this study. All were within 6 months to 2 years after surgery and cleared for return to physical activity. Subjects
completed DVJs in a biomechanics laboratory. Peak vertical ground reaction force (VGRF) and lower-extremity joint
sagittal and frontal plane kinematics and kinetics were collected and analyzed. Mann-Whitney U tests were used to
compare the surgical limbs of the QT and PT autograft groups for kinematic and kinetic variables. Wilcoxon rank-sum tests
were used to compare the surgical and nonsurgical limbs for both the QT and PT autograft groups. Results: Twenty-four
physically active individuals who underwent primary ACLR with QT (n ¼ 14) or PT (n ¼ 10) autografts completed DVJs in
a biomechanics laboratory. There were no statistically significant biomechanical differences between the QT and PT
groups. Peak VGRF differed between the surgical and nonsurgical limbs for the QT (surgical and nonsurgical, 1.10 and
1.30 N) and PT (surgical and nonsurgical, 1.10 and 1.35 N) groups. Specifically, both groups demonstrated lower VGRFs in
the surgical limb compared with the nonsurgical limb (P < .05). Additional medium and large effect sizes were found
when comparing kinetic variables between limbs within both surgical groups. Conclusions: Regardless of the graft-
specific surgical technique, patients who undergo ACLR are returning to activity with movements that resemble an
offloading pattern of the surgical limb. Coupled with the finding of an absence of differences in kinematic and kinetic
variables between the QT and PT autograft groups suggests that the QT graft may be a viable alternate graft source for
ACLR. Level of Evidence: Level III, retrospective comparative study.
nterior cruciate ligament (ACL) injuries have
Abeen approximated between 100,000 and
250,000 annually in the United States alone,1-3 with an
estimated 125,000 requiring anterior cruciate ligament
reconstruction (ACLR) and rehabilitation.4 Postsurgical
recovery cost ranges from 11,500 to 17,000 dollars per
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patient1,5 and more than $3 billion nationally in asso-
ciated health care costs.6 Despite surgery and rehabili-
tation to improve mechanical knee joint instability,
ACL injuries result in increased risk of long-term dis-
abilities and comorbidities, including increased risk of
knee reinjury, knee osteoarthritis, and lower physical
activity levels.7,8

Despite extensive scientific investigation, return to
preinjury levels of activity after ACLR and the rate of
subsequent knee surgeries are ongoing challenge9;
therefore, the optimal graft choice for autograft ACLR
continues to be controversial. For many surgeons, graft
choice is made on the basis of the individual case, with
consideration of the advantages and disadvantages of
each type of graft, as well as the individual patient’s
goals and preferences.10,11 Historically, graft options
most commonly included patellar tendon (PT),
hamstring tendon, or allograft tissue. However, autol-
ogous quadriceps tendon (QT) is increasing in
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popularity as a viable alternate source for ACLR.10-12

On the basis of muscular strength outcomes13,14 and
movement analyses,15 there is a growing body of evi-
dence that shows the QT autograft has comparable
outcomes with the PT autograft. Yet, few studies have
evaluated the movement profile of individuals
following ACLR with QT autografts.14-16

In studies of a drop vertical jump (DVJ) task in pa-
tients after ACLR with PT autografts, biomechanical
variables associated with ACL reinjury relate to persis-
tent alterations in lower-extremity landing me-
chanics.17,18 Specifically, frontal plane knee range of
motion during landing, asymmetries in sagittal plane
knee moments at initial contact,19 and increased verti-
cal ground reaction forces18 are all predictors of a sec-
ond ACL injury. Further, a deficit in biomechanical
variables on the surgical limb compared to the
nonsurgical limb20 is thought to negatively affect return
to physical activity. This suggests that analyzing knee
joint mechanics in ACLR patients is fundamental to
better understanding the potential for future ACL
injury and the individual’s readiness for return to
activity.
The purpose of this study was to compare the

biomechanics of a DVJ landing task and functional
outcomes among patients with ACLR with QT and PT
autografts. We hypothesized that there would be no
significant differences between the QT and PT groups in
sagittal and frontal plane peak joint angles, peak joint
forces, and vertical ground reaction forces (VGRFs) and
also that the surgical limb would demonstrate signifi-
cant biomechanical deficits compared with the
nonsurgical limb in both groups.

Methods

Study Design
This cross-sectional study included patients who un-

derwent primary ACLR with either all soft-tissue QT or
PT autografts between 2015 and 2017. All participants
completed a series of DVJs in the biomechanics labo-
ratory during the study period, which occurred be-
tween 2017 and 2018. These data were collected as part
of a larger investigation.14 All individuals consented
before participating in this study, which was approved
by the institutional review board of The Medical Uni-
versity of South Carolina on April 30, 2017 (proposal #
Pro00064965).

Participants
Patients were recruited from orthopaedic offices on

the basis of the following criteria. Inclusion criteria
included (1) age 14-55 years, (2) history of unilateral,
isolated ACLR (with or without concomitant meniscal
pathology) within the past 6 months to 2 years, (3)
reconstructive procedure using ipsilateral autografts
harvested from either the PT or soft tissue QT, and (4)
ACLR performed by a fellowship-trained orthopaedic
surgeon. Exclusion criteria included (1) history of
lower-extremity injury or surgery, including ACL
retears and revisions, within the past 6 months; (2)
multiligament reconstructions; (3) inability to walk
without assistance from orthotic, knee brace, or
another person; (4) self-reported knee arthritis that
would limit range of motion at the knee joint; and (5)
pregnancy.
All grafts were chosen according to surgeon and

patient preference on the basis of numerous factors,
including skeletal maturity, patellar tendon length,
sport or position-specific demands, cosmesis, and
preexisting anterior knee pain. All QT autografts were
harvested without bone plugs via a minimally invasive
technique, according to Slone et al.21 All PT autografts
were harvested with bone plugs from both the patellar
and tibial side. All femoral tunnels were created via an
independent medial portal drilling technique. For QT
autografts, graft fixation was achieved with suspen-
sory fixation on the femoral and tibial side. For PT
autografts, the femoral side was fixed with either
interference screws or suspensory fixation, whereas
the tibial side was fixed with interference screws.
Concomitant meniscus injuries and combined pro-
cedures were noted. After ACLR, all patients received
a standardized postoperative rehabilitation protocol.22

Before testing, all participants had been cleared by the
orthopaedic surgeon to return to unrestricted physical
activity.

Testing Procedures
As previously described in detail,14 participants

completed testing for bilateral isometric and isokinetic
knee extensor strength, knee extensor muscle activa-
tion, and functional testing including the single hop and
crossover hop, as well as questionnaires providing pa-
tient reported outcomes. On a separate day from the
testing described previously, a biomechanics assessment
was carried out with an active marker set (PhaseSpace
Motion Capture; PhaseSpace, Inc., San Leandro, CA).
An experienced certified athletic trainer (J.H.) per-
formed all testing. Markers were placed on the pelvis
and lower extremities (anterior superior iliac spine,
greater trochanters, medial and lateral epicondyles,
medial and lateral malleoli, heels, first and fifth meta-
tarsals, and distal second toe) with clusters on the
pelvis, thighs, shanks, and feet (Fig 1). First, participants
completed a familiarization session consisting of prac-
tice DVJs. The DVJ is the most frequently used lower-
extremity risk assessment, with kinematic and kinetic
variables having the greatest association with injury.19

Once familiarized, participants completed a series of 3
DVJs, in which they dropped off a 20-cm box and
landed on a stationary split-belt treadmill with



Fig 1. Patient setup. Marker placement and box height for
performing the drop vertical jump task. The force plates are
embedded into the split belt treadmill to measure individual
limb kinetics.
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embedded force plates (Bertec Corporation, Columbus,
OH). Participants self-selected their leading leg for the
drop jump and were instructed to land with each limb
at the same time on each of the embedded force plates.
Upon landing, participants immediately performed a
maximum vertical jump. Participants were required to
keep their hands on hips for the entirety of the task.
Reasons for keeping hands on hips included low ceiling
height in the laboratory. Research examining the role
of arm motion during a drop vertical jump found no
differences in VGRF during the absorption phase of
landing when compared with a hands-off-hips landing
strategy.23 Trials were repeated if hands came off hips, if
participants did not land with each limb on a force
plate, or if participants lost control/balance. A mini-
mum of 3 trials were collected and averaged for
analyses.
Data Reduction and Analyses
Kinetic data were collected at 2,000 Hz and kinematic

data were collected at 120 Hz. VGRFs and peak sagittal
and frontal plane hip and knee kinematics and kinetics
were collected during the deceleration phase of the
initial drop landing. Moments are reported as external
joint moments. A custom LabVIEW (National In-
struments, Austin, TX) software program identified and
extracted the peak joint angles and moments during the
deceleration phase as defined from the point of initial
contact (>20 N VGRF) to peak knee flexion angle
during the initial drop landing.
Because of the relatively small sample size, it was

determined a priori that only nonparametric statistical
tests would be used for all comparisons. Mann-Whitney
U tests were used to compare demographics, patient-
reported outcomes, kinematic variables, and kinetic
variables between the QT and PT autograft groups. Only
the surgical limbs were used for this comparison. Wil-
coxon rank-sum tests were used to compare differences
between the surgical and nonsurgical limbs for both the
QT and PT autograft groups. Effect sizes (r ¼ [Z/ON])
were also calculated and interpreted as 0.1 ¼ small,
0.3 ¼ medium, and 0.5 ¼ large.24 The alpha level was
set a priori at <0.05. All statistical analyses were per-
formed using IBM SPSS Statistics 27 (IBM Corp,
Armonk, NY).

Results
A total of 25 subjects met the inclusion criteria. Re-

sults are reported for 24 participants. During the data
analysis process, faulty kinematic data were identified
for 1 participant; therefore, this participant was
removed from analysis. The QT ACLR group had 6 total
combined procedures, including 5 meniscectomies and
1 meniscal repair. The PT-ACLR group had 7 total
combined procedures, including 5 meniscectomies and
2 meniscal repairs. There was no statistical difference
with a small effect size (Table 1). There were no sta-
tistically significant differences in demographics be-
tween the QT and PT autograft groups, but the effect
size for sex approached a medium level (r ¼ 0.29)
because of a greater number of male patients in the QT
group (Table 1). The median follow-up for all the par-
ticipants is 8 months with a range of 6 to 21 months.
The median (95% confidence interval) time since sur-
gery differed by 1.5 months where the QT group was 9
months (6.8-12.1) postoperative, and the PT group was
7.5 (6.8-12.1) months postoperative. There were no
statistically significant differences between groups for
the patient reported outcomes but there was a medium
effect size (r ¼ 0.30) for KOOS Pain with a greater score
for the QT group (Table 2).
There were small effect sizes and no statistically sig-

nificant differences in kinetic or kinematic variables
between the surgical limb of the QT and PT autograft



Table 1. Demographic Data

QT Autograft n ¼ 14 PT Autograft n ¼ 10

Median (95% CI) Median (95% CI) P Value Effect Size (r)

Sex, male/female 11/3 5/5 .26 0.29*
Age, yr 27.5 (20.3-31.2) 20.5 (18.1-24.4) .37 0.19
Height, cm 176.6 (171.2-182.9) 171.4 (167.0-178.5) .34 0.20
Mass, kg 82.0 (69.3-88.1) 73.3 (62.8-79.9) .29 0.23
BMI 24.7 (22.5-27.2) 23.6 (21.6-26.2) .51 0.14
Meniscal procedures, APM/MR 5/1 5/2 .42 0.17
Time since surgery, mo 9.0 (8.1-13.6) 7.5 (6.8-12.1) .55 0.13
Tegner score preinjury 9.5 (7.9-9.53) 9 (8.3-9.4) .89 0.03
Tegner score postsurgery 6 (5.8-7.6) 7 (5.7-8.1) .71 0.07

APM, arthroscopic partial meniscectomy; BMI, body mass index; CI, confidence interval; MR, meniscal repair; PT, patellar tendon; QT,
quadriceps tendon.
*Medium effect size for a between-group surgical limb comparison; all other comparisons had a small effect size.
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groups (Table 3). A between-limb comparison within
the QT group showed a statistically significant differ-
ence with large effect size (r ¼ 0.71) for the VGRF. The
knee flexion moment approached statistical significance
(P ¼ .056) with a large effect size (r ¼ 0.51) and the
knee abduction moment had a medium effect size (r ¼
0.46). The hip flexion moment had a medium effect size
(r ¼ 0.31), whereas the hip abduction moment
approached a large effect size (r ¼ 0.49). A between-
limb comparison within the PT group showed a statis-
tically significant difference with large effect size (r ¼
0.80) for the VGRF. The knee flexion moment
approached statistical significance (P ¼ .059) with a
medium effect size (r ¼ 0.37), and the knee abduction
moment had a large effect size (r ¼ 0.53). The hip
abduction moment had a medium effect size (r ¼ 0.40).
For the PT group, the peak knee flexion angle also
approached statistical significance (P ¼ .059) with a
large effect size (r ¼ 0.59) and 1.1� difference in median
angle. For both groups, the surgical limb had a smaller
peak biomechanical variable compared with the
nonsurgical limb.
Table 2. Patient-Reported Outcomes Data

QT Autograft n ¼ 14 PT A

Median (95% CI) Me

Lysholm 85 (92.6-90.6)
IKDC 81.1 (76.4-85.9) 82
KOOS pain 90.3 (85.0,93.9) 88
KOOS symptoms 82.1 (69.2-85.7) 80
KOOS ADL 97.1 (89.9-97.6) 96
KOOS sport 72.5 (69.3-85.4) 70
KOOS QOL 65.6 (51.3-74.0) 65

CI, confidence interval, IKDC, International Knee Documentation Com
Outcome Score; PT, patellar tendon; QT, quadriceps tendon.
*Medium effect size for a between-group surgical limb comparison; all oth

from a larger cohort of participants were previously published.18
Discussion
The main findings of the present study were that

during a DVJ task, there were no statistically or clini-
cally significant differences in kinetic or kinematic
variables between patients who had undergone ACLR
with QT versus PT autografts, and both the QT and PT
autograft groups displayed kinetic deficits in the surgical
limb compared to the nonsurgical limb.
Most of the research concerning ACLR functional

outcomes of a DVJ pertains to the PT autograft. This
study evaluated the biomechanical patterns of patients
after ACLR with QT autografts, contributing evidence in
support of the consistency of the QT autograft
compared with the PT autograft as graft choices for
ACLR. Evidence shows that the strength of the lower-
extremity muscles, particularly the quadriceps, directly
influences functional movement biomechanics.25 Ac-
cording to Hunnicutt et al,14 there were no significant
differences in quadriceps or hamstrings strength in
these patients who had undergone ACLR with QT or PT
autografts. This investigation demonstrated that landing
mechanics in the sagittal and frontal planes of motion
utograft n ¼ 10

dian (95% CI) P Value Effect Size (r)

81 (77-8,89.1) .37 0.19
.2 (68.1-85.7) .67 0.10
.9 (78.1-89.2) .15 0.30*
.4 (63.7-84.4) .63 0.10
.3 (94.0-97.6) .84 0.24
.0 (59.6-77.1) .24 0.25
.6 (57.1-74.0) .98 <0.01

mittee Subjective Knee Form; KOOS, Knee injury and Osteoarthritis

er comparisons had a small effect size. Patient-reported outcomes data



Table 3. Kinetic and Kinematic Data

QT Autograft PT Autograft

Median (95% CI) Median (95% CI)

Surgical Nonsurgical Surgical Nonsurgical

Kinetic outcomes
Hip flexion, Nm/kg 0.38* (0.25-0.54) 0.51 (0.36-0.67) 0.58 (0.32-0.68) 0.56 (0.06-0.67)
Hip abduction, Nm/kg e0.40y (e0.45, e0.26) e0.66 (e0.81, e0.33) e0.38* (e0.49, e0.26) e0.64 (e0.81, e0.36)
Knee flexion, Nm/kg e0.12b,y (e0.24, e0.11) e0.28 (e0.42, e0.20) e0.10* (e0.22, e0.01) e0.27 (e0.33, e0.11)
Knee abduction, Nm/kg e0.06* (e0.10, e0.03) e0.12 (e0.26, e0.06) e0.03y (e0.08, e0.01) e0.10 (e0.22, e0.06)
VGRF, N 1.10a,y (1.05-1.29) 1.30 (1.23-1.40) 1.10a,y (1.00-1.27) 1.35 (1.18-1.55)
Kinematic outcomes
Hip flexion, � 70.0 (53.8-76.4) 65.9 (53.8-75.7) 61.1 (48.5-75.9) 59.3 (58.6-76.1)
Hip abduction, � 4.6 (2.42-10.1) 3.2 (1.0-6.4) 4.3 (0.5-6.3) 3.9 (e1.3, 7.4)
Knee flexion, � 80.6 (73.0-87.6) 81.1 (74.4-91.4) 76.6b,y (61.1-86.1) 77.6 (75.1-89.6)
Knee abduction, � 11.3 (6.8-12.5) 11.1 (8.4-19.1) 9.9 (8.2-15.2) 16.3 (9.3-17.4)

NOTE. All variables are peak values from the deceleration phase of the initial drop landing. Deceleration phase was defined as initial contact to
peak knee flexion angle.
A (e) represents the opposite direction. Statistical significance: aP < .05 between surgical and nonsurgical limbs; bP < .06 between surgical and

nonsurgical limbs.
CI, confidence interval; PT, patellar tendon; QT, quadriceps tendon; VGRF, vertical ground reaction force.
*Medium effect size for a within group comparison.
yLarge effect size for a within group comparison. All other comparisons were nonsignificant, P > .05, with small effect sizes (r).

LANDING BIOMECHANICS COMPARING QT AND PT-ACLR 5
were similar when comparing the surgical limbs of the
QT and PT autograft groups. This finding indicates that
patients receiving the QT autograft displayed similar
movement patterns to those who received the PT
autograft. In previous studies of patients with PT or
hamstring tendon autografts, patients were more likely
to return to activity when they demonstrated better
landing mechanics.26 Although return to activity was
not one of the primary outcomes of this study, the lack
of differences between groups has important implica-
tions for return to activity guidelines for patients with
QT autografts. A previous study of the same patients
already demonstrated no differences between these
groups in single-hop performance,14 of which hop
performance has also been correlated with greater rates
of return to sport.26-29 It is plausible that for patients
who receive a QT autograft, clinicians can follow similar
return to activity guidelines as those for patients who
receive a PT autograft,22 as more evidence supports the
similarities between groups.
Although there were no biomechanical differences

between the surgical limbs of QT and PT autograft
groups, both groups demonstrated statistically signifi-
cant decreases in VGRF of the surgical limbs. These
findings are consistent with earlier reports showing
decreases in VGRFs of the surgical limb.15,30-32 Each of
these studies noted a lower VGRF of the surgical limbs,
regardless of graft type, when compared with the
nonsurgical limbs. The decrease in VGRF on the surgical
limb coupled with an increase in the nonsurgical limb is
suggestive of an off-loading pattern, a compensatory or
avoidance mechanism. According to Mueske et al,15

despite the regularity of an off-loading pattern
occurring in each graft type, this pattern is accentuated
in patients undergoing QT or PT autograft ACLR
compared with patients with hamstring autografts. For
example, in our study, the median VGRF values of both
ACLR PT and QT autograft surgical limbs were 1.10
Nm/kg and are consistent with previously published
data for mean VGRF values in surgical limbs.17,32

However, our data also differed from another study
that presented values closer to 1.6 Nm/kg.15 We suspect
the difference between our values and those of Mueske
et al.15 is attributable to the different box heights used
in each drop task, as a greater box height lends itself to
greater VGRF values.23,33 The low ceiling height in the
laboratory precluded the use of a greater box height, as
well as use of arms during the drop jump for participant
safety purposes. ACLR patients compensate for various
reasons including, quadriceps weakness,8,32 lingering
apprehension, protection of the reconstructed knee, or
pain.15 Decreased VGRF on the ACLR limb is important
to consider because differences in neuromuscular and
biomechanical patterns during dynamic movement
tasks may be predictive of the risk of knee injury to the
contralateral limb.34 In addition, a lack of symmetry in
one’s movement is known as an identifiable and
modifiable risk factor for ACL reinjury.19,35

Patients who received the PT graft had a smaller peak
knee flexion angle in their surgical limb compared with
the nonsurgical limb (a median difference of 1 and 1.5
degrees in the QT and PT groups, respectively) and,
although not statistically significant, this result had a
large effect size and is consistent with other studies
examining knee flexion during landing.15,36,37 Even
though the patterns of our results are similar to
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previous studies, it’s important to note that our peak
knee flexion median is overall lower than other studies.
We attribute this to the lower box height33 used in our
methods (20 cm vs 40 cm15 and 35 cm37). However,
other investigators38 who examined between-leg com-
parisons in female patients with ACLR, found no dif-
ference between knee flexion angles during the DVJ.
Landing with less knee flexion indicates the absence of
moving through a wider range of motion at the joint, or
a stiff landing. This landing strategy may be used to
increase the perceived stability of the joint.39 A stiff
landing pattern could predispose ACLR patients to
future ACL reinjury or other knee joint injuries on the
basis of the premise that a decrease in knee flexion
during the loading phase increases the anterior shear
force at the proximal tibia.40,41 ACLR rehabilitation
programs should continue to emphasize the importance
of achieving greater knee flexion angles during initial
contact as part of developing a “soft” landing
technique.19,42,43

The lower peak knee flexion moment observed in our
study is like that of others and is associated with a large
and medium effect for the QT and PT groups, respe-
tively.15,31 Of note, however, are the differences in
study designs including methods, variables, and graft
types.31 For instance, some studies used 35 cm40 and
60-cm43 boxes for the jump landing task, as opposed to
our 20-cm box. Second, a meta-analysis31 assessed in-
ternal knee extension moments, while we measured
the external moment equivalent (i.e., knee flexion
moment). In addition, the meta-analysis didn’t specify
the type and percentage of graft types included in the
analysis. A decrease in knee flexion moment after
ACLR is of concern because it may represent a decrease
in the ability of the quadriceps muscles to eccentrically
control knee flexion torque. The diminished capacity of
the quadriceps muscles to generate force hinders the
ability to properly absorb shock at the knee through
eccentric contractions.39 Force not absorbed by the
quadriceps means the force will be absorbed in sur-
rounding tissues (i.e., cartilage, ligaments, tendons,
etc.), resulting in the possibility of additional knee in-
juries. Previous data published on a similar patient
population demonstrated no significant differences in
isometric quadriceps strength between groups.14 How-
ever, during the deceleration phase of the DVJ, the
quadriceps are contracting eccentrically to decelerate
the body30; therefore, future research should investi-
gate isokinetic eccentric strength after QT autograft.
Our results showed additional clinically relevant ki-

netic findings when comparing between limbs within
each surgical group (Table 3). Specifically, smaller joint
moments for the surgical limb at the hip and knee in
both the sagittal and frontal planes. External joint
moments are calculated on the basis of the magnitude
of external forces (VGRF) along with kinematic
positioning and distance the force travels relative to the
joint center.44 Therefore, it is likely that the decrease in
external joint moments observed on the surgical limb
for both the PT and QT groups is driven by the smaller
magnitude peak VGRF observed during the landing
task.
Patient-reported outcome measures (PROMs) are

valuable tools for evaluating the outcome of ACLR,
particularly when used in combination with objective
testing like performance-based hop tests and biome-
chanical analyses. Although not the primary purpose,
this study reiterated14 that within a convenience sam-
ple at varying postsurgical time points, the Knee injury
and Osteoarthritis Outcome Score pain scale was the
only moderate clinically significant difference between
participants receiving QT and PT grafts. Because of the
lack of presurgery PROMs, we are unable to determine
whether these participants met the threshold for
minimally clinically important difference or substantial
clinical benefit for the included subjective scales. This
study did not collect PROMS at a standardized time
point but most of our participants were within the 6
months to 2-year window. Comparing these data with
Lund et al.11 shows our QT International Knee Docu-
mentation Committee Subjective Knee Form and Knee
injury and Osteoarthritis Outcome Score PROM results
were in range with their 1- and 2-year data, whereas
our PT group results were either within range or
exceeded their PROMs.
Our study shows that alterations in VGRF and sagittal

plane knee kinematics and kinetics continue to persist
in patients after ACLR. Importantly, there were no
differences observed between patients who received QT
versus PT autografts. Orthopaedic surgeons may elect to
perform ACLR with either QT or PT autografts, and this
decision should be chiefly on the basis of patient-
specific determinants and the graft familiarity of the
surgeon.45 In addition, the measurements we examined
are important to clinicians, as they relate to the resto-
ration of normal lower-extremity movement patterns
and decision making for returning to sport and physical
activity. Currently, targeted rehabilitation guidelines
and return to sport criteria widely vary. Given the
current evidence, it is plausible to continue to use
similar rehabilitation and return to activity guidelines
for both QT and PT autograft patients.22 However, as
evidenced by the results of this study, further work is
needed to address the off-loading patterns observed in
individuals post-ACLR, regardless of graft type.
Consistent with statements in a previous study,35 we
advocate for the use of objective, universal return-to-
sport criteria to provide information to clinicians who
make the decisions of when athletes return to activity.
These criteria would assist in the prescription of tar-
geted rehabilitation to detect any latent aberrant lower-
extremity landing patterns. Finally, given the fact that
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there are no previously reported differences between
isokinetic and isometric strength,14 future research
should analyze eccentric strength patterns after QT graft
rehabilitation. Further studies can standardize the lead
and trail limbs to establish whether peak forces are
affected by self-selected, preferential lead limbs.46

Limitations
The interpretation of our findings should be used

within the context of its limitations. Primarily, this was
a study of convenience sampling with a small sample
size, no participant matching, and no matched control
group. Furthermore, there is a varied range of time
since surgery among the participants. Despite the
various times since surgery, all patients were within 6
months to 2 years postsurgery, with no significant
differences in median time postsurgery of 9.0 and 7.0
months for QT and PT grafts, respectively. Likewise,
because of the small sample size, we did not perform a
sex-based comparison. Although there were no sta-
tistically significant differences in demographics be-
tween our QT and PT populations, including sex, we
recognize the medium effect size and unbalanced dis-
tribution of males and females among groups. As a
result of study design, we were not able to control for
differences in rehabilitation, however, all participants
received a standardized rehabilitation protocol.22

Another limitation of the present study was that the
drop height was lower in comparison with other
studies examining a similar landing task. This was due
to a low ceiling height in the laboratory. In addition,
the lead limb in the drop jumps was self-selected by
the participants.

Conclusions
Regardless of the graft-specific surgical technique,

ACLR patients are returning to activity with move-
ments that resemble an offloading pattern of the sur-
gical limb. Coupled with the finding of an absence of
differences in kinematic and kinetic variables between
the QT and PT autograft groups suggests that the QT
graft may be a viable alternate graft source for ACLR.
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