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Do peak torque angles of muscles change following anterior cruciate
ligament reconstruction using hamstring or patellar tendon graft?
Hamstring ya da patellar tendon grefti kullanılan ön çapraz bağ rekonstrüksiyonu sonrası
kasların zirve tork açıları değişir mi?
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ABSTRACT

ÖZ

Objectives: This study aims to compare the effects of anterior

cruciate ligament (ACL) reconstruction using autogenous
hamstring or patellar tendon graft on the peak torque angle.
Patients and methods: The study included 132 patients
(103 males, 29 females; mean age 29±9 year) who were
performed ACL reconstruction with autogenous hamstring
or patellar tendon graft. The peak torque angles in the
quadriceps and hamstring muscles were recorded using an
isokinetic dynamometer.
Results: Angle of peak knee flexion torque occurred
significantly earlier within the range of motion on the
operated side than nonoperated side at 180°/second in the
hamstring tendon group. Angle of peak knee extension torque
occurred significantly earlier within the range of motion on
the operated side than nonoperated side at 180°/second in the
patellar tendon group. There were no statistically significant
differences in the flexion and extension peak torque angles
between the operated and nonoperated knees at 60°/second in
both groups.
Conclusion: The angle of peak torque at relatively high
angular velocities is affected after ACL reconstruction in
patients with hamstring or patellar tendon grafts. The graft
donor site directly influences this parameter. This finding
may be important for clinicians in terms of preventing
re-injury.

Amaç: Bu çalışmada, otojen hamstring veya patellar tendon
grefti kullanılan ön çapraz bağ (ÖÇB) rekonstrüksiyonun
zirve tork açısı üzerindeki etkileri karşılaştırıldı.
Hastalar ve yöntemler: Çalışmaya otojen hamstring
veya patellar tendon grefti ile ÖÇB rekonstrüksiyonu
uygulanan 132 hasta (103 erkek, 29 kadın; ort. yaş 29±9
yıl) dahil edildi. Kuadriseps ve hamstring kaslarındaki
zirve tork açıları izokinetik dinamometre kullanılarak
kaydedildi.
Bulgular: Hamstring tendon grubunda zirve diz fleksiyonu
tork açısı hareket açıklığında ameliyat edilen tarafta
ameliyat edilmeyen taraftan 180°/saniyede anlamlı şekilde
daha erken oluştu. Patellar tendon grubunda zirve diz
fleksiyonu tork açısı hareket açıklığında ameliyat edilen
tarafta ameliyat edilmeyen taraftan 180°/saniyede anlamlı
şekilde daha erken oluştu. Her iki grupta ameliyat edilen
ve edilmeyen dizler arasında 60°/saniyede fleksiyon
ve ekstansiyon zirve tork açılarında istatistiksel olarak
anlamlı farklılıklar yoktu.
Sonuç: Göreceli olarak yüksek açısal hızlarda zirve tork
açısı ÖÇB rekonstrüksiyonu sonrasında hamstring veya
patellar tendon grefti olan hastalarda etkilenmektedir. Greft
donör sahası bu parametreyi doğrudan etkilemektedir. Bu
bulgu yeniden yaralanmanın önlenmesi açısından klinisyenler
için önemli olabilir.
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autogenous hamstring (n=101) or patellar (n=31)
tendon graft (Table I). Dependent variable was the
angle of peak torque generated by hamstring and
quadriceps muscles while independent variables
were the hamstring or patellar tendon graft types.
All surgical procedures were performed by two
orthopedic surgeons with a minimum of 10 years
of experience in ACL reconstruction. Patients
with multiple injuries or a history of previous
knee surgery were excluded. None of the patients
were professional athletes. Sixteen patients
(10 who underwent patellar tendon harvest, six who
underwent hamstring tendon harvest) described
themselves as recreationally active; the rest declared
a sedentary lifestyle. All patients followed the same
postoperative rehabilitation program. The average
duration between surgery and isokinetic testing in
the hamstring and patellar tendon groups was 12±5
months and 14±6 months, respectively. Follow-up
assessments were also performed on these dates.
The study protocol was approved by the Hacettepe
University Ethics Committee. A written informed
consent was obtained from each patient. The study
was conducted in accordance with the principles of
the Declaration of Helsinki.

Rehabilitation of the hamstring and quadriceps
muscles is important before and after anterior
cruciate ligament (ACL) reconstruction.[1] Past
research has shown a significant postoperative deficit
in isokinetic muscle test parameters such as peak
muscle torque, total work and power which may
lead to osteoarthritis.[2-9] These deficits were found
to be associated with the location of the donor site.[10]
Previous research has also focused specifically on
the quality of torque production as demonstrated
by isokinetic torque curve irregularities, curve
fluctuations, a rapid downward slope pattern, and a
concave pattern when viewed on a graph following
ACL reconstruction. Patients with both ruptured and
reconstructed ACLs have been shown to demonstrate
the above-mentioned irregularities compared with
healthy knees.[11-14] The angle of peak torque, however,
has not been comprehensively investigated. This
parameter is defined as the flexion or extension angle
at which peak torque occurs. The clinical importance
of this angle lies in the fact that a shift in the angle
of peak torque in the hamstring muscle reportedly
increases the susceptibility to injury and makes the
hamstrings more prone to damage from eccentric
loads.[15,16] Further knowledge about the angle of peak
torque, therefore, may be important for patients who
are ACL-deficient or have undergone reconstruction
because both conditions are associated with deficits
in neuromuscular control following injury.[17] An
understanding of the injury mechanism and risk
factors is crucial to prevent recurrence in patients who
have undergone ACL reconstruction. Accordingly,
in this study, we aimed to compare the effects of
ACL reconstruction using autogenous hamstring or
patellar tendon graft on the peak torque angle.

All patients started rehabilitation during the first
postoperative week. The 12-week program involved
a rehabilitation session three times a week. Early
range of motion exercises were encouraged in the
first three weeks. Patients were allowed weightbearing as tolerated. Closed kinetic chain exercises
were performed to increase knee flexion. Prone
hanging leg extension was used to prevent extension
limitation. Hip abduction-adduction exercises,
the straight leg raise, and isometric quadriceps
sets were performed to increase muscle control.
Cycling, theraband strength training, mini squats,
and coordination exercises on the balance board and
soft ground started in postoperative third to fourth
weeks. Resistive knee flexion/extension exercises
were introduced after six to eight weeks. Jogging
was allowed at 14 to 16 weeks.

PATIENTS AND METHODS

This prospective cohort study was conducted at
Hacettepe University, Faculty of Health Sciences
Department of Physiotherapy and Rehabilitation
between January 2007 and August 2009 included
132 patients (103 males, 29 females; mean age 29±9)
who were performed ACL reconstruction with

Table I
Patient demographics
Age (year)
PT group

Female
Male

Height (cm)

HT group

PT group

Body mass (kg)

HT group

PT group

HT group

n

Mean±SD

n

Mean±SD

p

n

Mean±SD

n

Mean±SD

p

n

Mean±SD

n

Mean±SD

p

7
25

29±14
28±8

21
78

26±9
30±8

NS
NS

7
25

167±8
174±5

21
78

167±5
176±7

NS
NS

7
25

58±4
76±9

21
78

61±6
77±8

NS
NS

PT: Patellar tendon graft group; HT: Hamstring tendon graft group; SD: Standard deviation; NS: Not statistically significant on independent-samples t-test (p<0.05).
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The angle of peak torque during concentric
contractions of the quadriceps and hamstring muscles
was recorded using an IsoMed 2000 dynamometer
(D&R GmbH, Hemau, Germany). Warm-up consisted
of hamstring/quadriceps stretching exercises and
cycling on a stationary bike for five minutes. Patients
were seated on the dynamometer with their knees
flexed to 90° and the center of their knee joint lined
up with the pivot point of the crank arm. Shoulder,
pelvis, and knee stabilization straps were used to
prevent substitution and unwanted movements.
Five practice repetitions of knee flexion/extension
were performed at 60°/second and 180°/second
angular velocities, respectively, to familiarize the
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Figure 1. Graphic sample of angle of peak torque generated
by quadriceps muscle. X axis represents knee angle in
range of motion, and y axis represents torque generated in
isokinetic test. A represents angle of peak quadriceps muscle
torque generated by operated knee at 180°/second angular
velocity. B represents angle of peak quadriceps muscle
torque generated by nonoperated knee at 180°/second angular
velocity.
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Figure 2. Graphic sample of angle of peak torque generated
by hamstring muscle. X axis represents knee angle in range
of motion, and y axis represents torque generated in isokinetic
test. A represents angle of peak hamstring muscle torque
generated by operated knee at 180°/second angular velocity.
B represents angle of peak hamstring muscle torque generated
by nonoperated knee at 180°/second angular velocity.

patients with isokinetic training prior to testing.
The patients stated that they experienced no pain or
discomfort. The isokinetic testing involved one set
of 10 repetitions at 180°/second, then one set of five
repetitions at 60°/second. One minute of recovery
was given between each set. The procedures were
repeated on the nonoperated knee. The angle of peak
torque was calculated by the dedicated software of
the IsoMed 2000. Graphic samples of the angle of peak
torque generated by the quadriceps and hamstring
muscles were shown in Figures 1 and 2.
Statistical analysis
All data were analyzed with the PASW version 17.0
(SPSS, Inc., Chicago, IL, USA). Multivariate analysis of
variance was used to compare the dependent variable
(angle of peak torque) between the operated and
nonoperated sides in both the hamstring tendon and
patellar tendon graft groups. A power analysis based
on previous studies by Brockett et al.[15] and Proske
et al.,[16] in which the mean peak torque angle of the
previously injured hamstring muscles was 12° shorter
than that of the uninjured side, showed that two
groups of 28 patients each would be the minimum
required to demonstrate a 95% difference in the angle
of peak torque with a type I error of 0.05 and a type II
error of 0.01. Statistical significance was set at p<0.05.
RESULTS

The angle of peak knee flexion torque occurred
later within the range of motion in the patellar
tendon than hamstring tendon group at angular
velocities of 60°/second and 180°/second (p=0.03 and
p=0.04, respectively) (Table II). The angle of peak
knee extension torque occurred earlier within the
range of motion in the patellar tendon than hamstring
tendon group at 180°/second (p=0.02). There was no
difference in the peak torque angle in knee extension
at 60°/second between the two groups (p>0.05).
The angle of peak knee flexion torque occurred
earlier within the range of motion on the operated
side than nonoperated side at 180°/second in the
hamstring tendon graft group (p=0.04) (Table III). The
angle of peak knee extension torque also occurred
earlier within the range of motion on the operated side
than nonoperated side at 180°/second in the patellar
tendon group (p=0.04). There were no differences in
the flexion and extension peak torque angles between
the operated and nonoperated knees at 60°/second in
either group, in the flexion peak torque angle between
the operated and nonoperated knees at 180°/second
in the patellar tendon group, or in the extension peak
torque angle between the operated and nonoperated
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Table II
Differences in peak torque angle in operated knees between patellar and hamstring tendon graft groups

Flexion
Peak torque
Peak torque
Extension
Peak torque
Peak torque

Hamstring tendon graft group

Patellar tendon graft group

Mean±SD

Mean±SD

F

p

angle at 60°/second
angle at 180°/second

39.4°±10.0°
32.5°±7.4°

43.8°±9.7°
35.7°±8.9°

0.03
0.67

0.03*
0.04*

angle at 60°/second
angle at 180°/second

61.7°±8.5°
62.2°±7.3°

61.6°±9.2°
65.7°±7.5°

0.49
0.30

NS
0.02*

SD: Standard deviation; * Statistically significant (p<0.05); NS: Not statistically significant on multivariate analysis of variance.

Table III
Comparison of peak torque angle between operated and nonoperated knees in hamstring and patellar tendon graft groups
Hamstring tendon graft group
Operated

Flexion
Peak torque
Peak torque
Extension
Peak torque
Peak torque

Patellar tendon graft group

Nonoperated 			

Operated

Nonoperated

Mean±SD

Mean±SD

F

p

Mean±SD

Mean±SD

F

p

angle at 60°/second
angle at 180°/second

39.4°±10.0°
32.5°±7.4°

41.0°±10.9°
35.0°±9.8°

1.4
2.3

NS
0.04*

43.8°±9.7°
35.7°±8.9°

43.3°±11.4°
34.2°±7.8°

0.45
0.82

NS
NS

angle at 60°/second
angle at 180°/second

61.7°±8.5°
62.2°±7.3°

63.5°±6.3°
61.3°±6.6°

5.4
1.0

NS
NS

61.6°±9.2°
65.7°±7.5°

63.2°±6.4°
62.0°±6.8°

5.90
0.94

NS
0.04*

SD: Standard deviation; * Statistically significant (p<0.05); NS: Not significant on multivariate analysis of variance.

knees at 180°/second in the hamstring tendon group
(p>0.05 for all).
DISCUSSION

The findings of this study show that
ACL-reconstructed knees have differences in the
angle of peak torque and that the choice of graft
(hamstring vs. patellar tendon) influences the
peak torque angle. When the graft was harvested
from extensor muscles, the angle of peak knee
extension torque (at 180°/second) shifted toward
flexion, and when the graft was harvested from
flexor muscles, the angle of peak flexion torque
(at 180°/second) shifted toward extension. That is,
peak torque occurred at shorter flexion angles in
both the hamstring and patellar tendon groups. This
finding may be important for clinicians because
previous studies, although limited, suggest that a
shift in angle of the peak torque in the hamstring
muscle may cause increased susceptibility to injury
and make the hamstrings more prone to damage
from eccentric exercise.[15,16] It was demonstrated that
the torque peaked at significantly shorter lengths

in injured muscles even when the peak torque
and quadriceps/hamstrings torque ratios were not
significantly different between previously injured
muscle and uninjured muscle.[15,16] This makes
injured muscle more prone to damage from eccentric
exercise than uninjured muscle, which may account
for higher re-injury rates. Brockett et al.[15] stated
that injured hamstring muscle had an optimum
angle of 53.5°, which differed by almost 16° from
the optimum of hamstrings on the uninjured side
(37.5°), so that torque generated by the previously
injured muscle peaked at a much shorter length
than on the uninjured side. This finding supports
the results of our study; however, in contrast to the
study by Proske et al.,[16] we found that peak torque
occurred at shorter flexion angles (longer lengths)
in operated legs. The morphological features of the
semitendinosus muscle as part of the hamstring
could explain the shift in the peak torque after
ACL reconstruction with a semitendinosus graft.
The semimembranosus and biceps femoris are
unipennate muscles. They have short fiber lengths
and pennation angles. However, the fiber length
of the semitendinosus and gracilis is three to four
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times longer than that of the semimembranosus and
biceps femoris.[18] After semitendinosus harvest, the
semimembranosus and biceps femoris are left as the
primary knee flexors; however, these muscles are
insufficient to produce torque, especially at deeper
flexion angles. This could also cause an earlier angle
of peak torque in the operated leg.
Neuromuscular impairment of the mechanoreceptor
mechanism of the ACL may explain the differences
between operated and nonoperated knees. There is
a direct link among the ACL, the muscles around
the knee,[19,20] and the cruciate ligament receptors via
the reflex modulation of the gamma-muscle-spindle
system, which may participate in the regulation and
preprogramming of the muscular stiffness around
the knee joint.[21] Moreover, it has been demonstrated
that muscular contraction or inhibition of the muscle
activity in the contracting muscles could be elicited with
nonpainful electrical stimuli to the ACL in humans.[20]
The mechanoreceptor system is disturbed after injury,
and reconstruction may not restore this modulation
mechanism. Bryant et al.[14] showed greater quadriceps
irregularities with greater hamstring (antagonistic)
activity during isokinetic testing in subjects with ACL
deficiency and reconstructed ACLs. These findings
suggest that injured knees remain impaired even after
reconstruction. It is clear that ACL reconstruction
may restore anterior static knee stability; however,
there is no evidence that neuromuscular stability can
be established by current surgical procedures. The
restoration of normal neuromuscular control after
ACL reconstruction is multifactorial in nature.[22]
Impairment in the neuromuscular modulation system
may therefore also be responsible for the shifting
angle of peak torque. Other morphologic impairments
in hamstring torque-time curves were reported when
comparing patients with ACL deficiency, patients
who had undergone ACL reconstruction with the
patellar tendon, and control subjects, although the
hamstring peak flexion torque was not influenced
by ACL reconstruction.[13] This indicates that a single
peak torque evaluation gives information about
torque output, but may not always give sufficient
information about the status of torque production
quality following ACL reconstruction.[15]
A limitation of this study is that previous research
has shown conflicting results regarding the reliability
of the angle of peak torque. Reproducibility ranges
from low to high among these previous studies.[23-25]
Reproducibility of the joint angle at the occurrence
of maximum torque is directly dependent on several
factors: joint congruency, the muscular group tested,
angular velocity (endurance vs. explosive strength),
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and the type of contraction. Therefore, studies
demonstrating low and high reliabilities should
be evaluated under these specific test conditions.
Clinicians should be aware that the angle of peak
torque reproducibility may vary depending on the
test protocol, contraction type, muscle fiber type, and
angular velocity. Similarly, although the reliability of
muscle torque measurement using the IsoMed 2000
has been reported,[26] to our knowledge, no studies
have investigated the angle of peak torque with this
device. Therefore, a familiarization session prior to the
actual test was performed in our study to minimize
the effects of learning on torque production and
maximize the reliability of the test measurements.
In this study, possible effects of shifts in the
angle of peak torque on functional performance
were not directly assessed. Therefore, additional
research is needed to clarify the functional and
clinical importance of these parameters in ACLreconstructed knees.
Another limitation of this study is that although
the sample size was sufficient, the number of
patients was uneven between the two groups. More
patients underwent reconstruction with hamstring
than patellar tendon grafts. We acknowledge that
evenly numbered groups would have allowed for a
more precise statistical analysis in some parameters;
however, it did not affect the side-to-side comparison
result which is the main finding of the study.
In conclusion, the angle of peak torque is affected
after ACL reconstruction using either autogenous
hamstring tendon or patellar tendon grafts. This
could be important for clinicians in terms of
preventing re-injury. Measuring of peak torque angle
may be beneficial after ACL reconstruction. Exercises
including eccentric contraction that can change the
force production angle may be considered in return to
sport phase of the rehabilitation program.
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