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	 Background:	 A growing body of evidence indicates that in patients after anterior cruciate ligament reconstruction (ACLR) with 
a combined semitendinosus and gracilis (STGR) graft there are large deficits in the internal rotation strength, 
which has led some authors to recommend harvest of only ST tendon whenever possible. The purpose of this 
study was to assess the isometric (IT) and peak torque (PT) of the muscles responsible for shin rotation in pa-
tients after ACLR with an ST or with an STGR graft.

	 Material/Methods:	 Twenty patients with an ST graft and 20 patients with a combined STGR graft underwent a 6-month postoper-
ative rehabilitation program after ACLR. At the end of the rehabilitation program, the IT and PT of the muscles 
responsible for internal (IR) and external rotation (ER) of the shin were measured. The results were compared 
to the results of a control group. Additionally, to determine the reliability of the dynamometer for clinical re-
search, a test-retest assessment was performed.

	 Results:	 There were no statistically significant differences between the 3 groups of participants. Nevertheless, in the 
STGR group there was a statistically significant difference between the IT of muscles internally rotating the 
shin in the involved knee and uninvolved knee at 25° of the internal shin rotation.

	 Conclusions:	 Comparison of IT and PT measurements performed after 24 weeks of postoperative rehabilitation generally 
showed no differences between patients after ACLR with the use of ST graft and patients who received a com-
bination graft consisting of STGR. Nevertheless, there was an influence of GR harvest on internal shin rotation 
torque at a deep internal rotation angle.
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Background

Reconstruction of the anterior cruciate ligament (ACL) is rec-
ommended for prevention of instability, further intraarticular 
disease, and recurrent injury in the ACL-deficient knee [1–3]. 
A semitendinosus (ST) or combined ST and gracilis (STGR) ten-
don graft is commonly used for reconstruction of the ruptured 
ACL [4,5]. Evaluation of patient muscle strength after ACL recon-
struction is used to determine whether the patient can safely 
return to pre-injury activity level [6–10]. Most of the studies 
that have evaluated autologous ST and STGR grafts have fo-
cused on postoperative tendon regeneration and knee flexor 
strength [11–13]. Studies examining the knee flexion strength 
of patients after ACL reconstruction have noted very small or 
no deficits in peak torque after ST or STGR harvest [14–16], but 
some authors have reported a persistent deficiency in flexor 
strength after surgery [17–19]. There have also been reports 
evaluating the rotation torque of the knee [20–25]. A growing 
body of evidence indicates that there are large deficits in the 
internal rotation strength, a significant weakness of hamstring 
muscle strength at high knee flexion angles, and a significant-
ly lower standing knee flexion angle after STGR harvest, which 
has led some authors to recommend harvest of only ST ten-
don whenever possible [21,26–29]. Nevertheless, studies indi-
cating large deficits in the internal rotation strength involved 
only isokinetic testing [28].

The purpose of this study was to evaluate the isometric and 
peak torques of the muscles responsible for shin rotation in 
the knee, and to compare these in patients with an ST graft 
and patients with a combined STGR graft.

Material and Methods

This study protocol was approved by the local ethics commit-
tee and written consent forms were signed prior to participa-
tion. The study was conducted according to the ethics guide-
lines and principles of the Declaration of Helsinki.

The initial sample population comprised 46 males with ACL 
tears who underwent ACL reconstruction using ST or STGR 
autologous grafts from the ipsilateral leg followed by a stan-
dardized rehabilitation program [14]. Patients were exclud-
ed if they met any of the exclusion criteria (Figure 1). The re-
maining 40 males were divided into 2 groups according to the 
type of tendon graft used for their ACL reconstruction; patients 
in the ST group (n=20) received an ST tendon graft and pa-
tients in the STGR group (n=20) received a combination graft 
consisting of STGR tendons. The evaluation was performed 6 
months after ACL reconstruction. The interval between injury 
and reconstruction was 3–6 months. The results of males af-
ter ACLR were compared to the results of 20 male volunteers 
without known cardiovascular or orthopedic problems (control 
group). The physical characteristics of the study participants 
are presented in Table 1. The frequency of sports participation 
in the control group and in the ST and STGR groups before in-
jury was similar. Preoperatively, the patients after ACLR per-
formed recreational activity an average of 2–3 times a week.

Surgical technique

All of the ACL reconstructions were performed or supervised 
by the same surgeon. Diagnostic arthroscopy was performed 

Figure 1. �Flow chart of eligibility selection. ACLR – anterior cruciate ligament reconstruction; Group ST – patients who underwent ACL 
reconstruction with a semitendinosus graft; Group STGR – patients who underwent ACL reconstruction with a combined 
semitendinosus and gracilis graft; Control group – healthy male volunteers; IT – isometric torque; PT – peak torque.

Males excluded from the study according to these exclusion criteria (n=6):
1) reconstruction using other grafts than hamstring tendon (n=0)
2) preoperative injury of the second leg (n=0)
3) preoperative injuries to knee joint cartilage (n=4)
4) preoperative additional injuries to the collateral ligaments (n=2)
5) withdrawal from physiotherapy before the 24th week after ACLR,
     which was beyond the researchers’ control (n=0)
6) postoperative result of Lachman’s test >3 mm (n=0)

Males after ACLR presented in
the rehabilitation center between
2012 and 2013 who underwent
rehabilitation procedure starting
from the 1st week and lasting for
24 weeks (n=46)

Males selected from
the study (n=40)

ST group
(n=20)

STGR group
(n=20)

Control group
(n=20)

IT and PT measurement of the muscles responsible for shin rotation within the knee joint
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through standard anteromedial (AM) and anterolateral (AL) 
portals. The ST and GR tendons were harvested through a 
3-cm oblique incision over the ‘pes anserinus’. Patients in the 
ST group underwent ACL reconstruction with doubled autol-
ogous ST grafts, while patients in the STGR group underwent 
ACL reconstruction with combined STGR grafts. The same fix-
ation devices were used for both types of reconstruction.

Rehabilitation protocol

Participants in both the ST and the STGR groups underwent 
a 4-stage, postoperative rehabilitation program that lasted 
on average 6 months [14]. The mean frequency of participa-
tion in the rehabilitation program was 4 days per week for 2 
hours each day.

Stage I (1st–5th postoperative weeks)

During the initial postoperative period, ice packs were used to 
reduce swelling. After several days these were replaced with 
local cryotherapy. Continuous passive motion (CPM) knee ex-
ercises and mobilization of the patellofemoral joint were per-
formed. The electrostimulation of vastus medialis and a magnet-
ic field were applied. Closed kinetic chain (CKC) proprioceptive 
exercises were added to the exercise regimen. Isometric ten-
sioning of the quadriceps and flexor muscles around the in-
volved knee, followed by isometric exercises with manually 
dosed resistance from muscle groups distant to the affected 
area, including the uninvolved lower extremity, the upper ex-
tremities, and the trunk, were performed.

Stage II (6th–12th postoperative weeks)

Treadmill walking was added. The CPM exercises were replaced 
with exercises on a cycloergometer. Proprioceptive exercises 
progressed to being performed on a soft surface. Step-up ex-
ercises, 1- and 2-legged squats on a collapsible surface, and 

concentric and eccentric exercises for the ischiotibial muscles 
of the operated leg in the sagittal and transverse planes (es-
pecially internal shin rotation) were gradually added.

Stage III (13th–20th postoperative weeks)

Isometric exercises with partial resistance from the extensor 
muscles of the involved knee and treadmill running were in-
troduced. Discipline-specific exercises, plyometric exercises, 
functional training with movement pattern corrections, and 
core exercises were added to the rehabilitation program. From 
the 16th postoperative week, strength training under isokinet-
ic conditions was performed.

Stage IV (21st postoperative week to 6–8 postoperative 
months)

Exercises performed during the 3rd stage were continued. 
Patients also performed exercises with a jump rope on differ-
ent surfaces and practiced jumping obstacles and controlled 
slides with the physiotherapist’s assistance. The main goal of 
this stage of rehabilitation was restoration of the speed, pow-
er, agility, and field orientation specific to the patient’s spe-
cific sport or job. Swimming was recommended once a week.

Isometric torque (IT) measurement under static conditions 
and peak torque (PT) measurement under isokinetic 
conditions of the muscles responsible for shin rotation 
within the knee

The torque measurements of the muscles responsible for in-
ternal rotation (IR) and external rotation (ER) of the shin in 
the knee were performed using the Humac Norm Testing & 
Rehabilitation System (Cybex dynamometer) [23]. A warm-up 
on a cycle ergometer preceded all measurements. The IT and 
PT measurements were taken with the participant lying in a 
supine position. The participant was stabilized with belts and 

Age (years) Body mass (kg) Body height (cm)

x SD x SD x SD

Group ST (n=20) 26.65 9.71 80.70 8.34 181.25 6.29

Group STGR (n=20) 29.55 8.23 80.30 11.72 181.80 8.61

Control group (n=20) 24.90 3.11 80.75 7.77 182.10 5.70

p 0.16 0.99 0.93

Group T-R (n=12) 24.42 1.93 79.50 13.18 183.83 10.79

Table 1. The physical characteristics of the study participants.

Group ST – patients who underwent ACL reconstruction with a semitendinosus graft; Group STGR – patients who underwent ACL 
reconstruction with a combined semitendinosus and gracilis graft; Group T-R – males who participated in the test-retest analysis; 
p – significance level; x – mean; SD – standard deviation.
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had arms crossed over the chest. The knee being examined was 
stabilized at 80° flexion on a support and the hip-flexion an-
gle was 80°. The angle between the shin and the foot was 90°.

The IT measurements were performed at 6 shin rotation an-
gles relative to the thigh: at 30°, 20° and 10° ER, in neutral 
position (NP; a rotation angle of 0°), and at 10° and 25° IR 
(Figure 2). At each position the participant performed 1 maxi-
mal isometric contraction of the internal shin rotator muscles 
and then, after a 45-second break, the participant performed 
1 maximal isometric contraction of the external shin rotator 
muscles. The duration of a single contraction was 6 seconds 
and the participants were given verbal encouragement by the 
experimenter. After the measurements were taken in 1 posi-
tion, the leg rotation angle was changed. The break between 
measurement under static conditions and measurement un-
der isokinetic conditions was 20–30 minutes.

The PT measurements were taken with an angular velocity of 
60°/s (5 repetitions of alternating internal and external shin 
rotation relative to the thigh at maximal speed) and 180°/s (8 
repetitions of alternating internal and external shin rotation 
relative to the thigh at maximal speed). There was a 90-second 
break between the exercise sets. The measurements were per-
formed through the full range of motion of each participant.

All participants were tested bilaterally, starting with the un-
involved leg in the ST and STGR groups and with the right leg 
in the control group.

The test-retest

The test-retest reliability of the IT and PT measurements using 
the Humac Norm Testing and Rehabilitation System dynamom-
eter was evaluated to validate the use of the dynamometer in 
clinical research. Twelve male recreational athletes (group T-R) 

without known cardiovascular or orthopedic problems were re-
cruited to participate in the validation of the IT and PT measure-
ments from the student population of the college where the study 
was conducted. Their physical characteristics are presented in 
Table 1. They were instructed to maintain their regular training 
regimens throughout the experimental period and not to take 
part in any vigorous physical activity for 2 days prior to the day 
of the measurement. Testing was conducted in 2 identical ses-
sions held 3 days apart at the same time of day. All measure-
ments were performed by the same researcher. During sessions, 
torque measurements of the muscles responsible for internal 
and external shin rotation in the knee were performed under 
both static and isokinetic conditions [23,30]. Both knees of the 
group T-R participants were tested, starting with the right knee.

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics 
20. The mean values (x) and standard deviations (SD) of the 
measured variables were calculated. For the ST, STGR, and 
control groups, the IT and PT values were normalized to body 
mass (BM) and expressed as Nm*kg-1 BM. Data distributions 
were tested for normality using the Shapiro-Wilk test [31]. 
Comparisons between the involved legs in the ST and STGR 
groups and the control group (the right leg and the left leg) 
were made using the 1-way analysis of variance (ANOVA). 
Differences were considered significant if p<0.05. Additionally, 
side-to-side differences in the ST and STGR groups based on 
mean values were tested with the dependent t-test (paired t-
test). Intraclass correlation coefficients (ICC; Shrout and Fleiss 
model 2) were calculated to compare the data between ses-
sions in the test-retest assessment [32]. The following guide-
lines, described by Cicchetti and Sparrow [33], were used to 
assess reliability coefficients: less than 0.40 was considered 
poor, 0.40 to 0.59 was considered fair, 0.60 to 0.74 was con-
sidered good, and 0.75 or greater was considered excellent.

Results

Table 2 shows the normalized IT values of the ST, STGR, and 
control groups. The highest normalized IT values for IR mus-
cles in the three groups occurred at 30° ER. As the IR angle 
increased, normalized IT values decreased until they reached 
their lowest value at 25° IR. The normalized PT values of the 
muscles responsible for IR and ER of the shin are shown in 
Table 3. There were no statistically significant differences be-
tween the 3 groups of participants.

Figures 3 and 4 present side-to-side differences of the IT in 
the ST group (Figure 3) and STGR group (Figure 4). We found 
no statistically significant differences in the IT of IR and ER 
muscles between the involved and uninvolved legs in the ST 

Figure 2. �A participant’s leg held in a position of neutral position 
(NP) of the shin relative to the thigh. The inset diagram 
shows the 6 different shin rotation angles used for IT 
measurements.
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group. We also found no side-to-side differences in 5 of 6 mea-
surement positions of the shin towards the thigh in the STGR 
group. Nevertheless, there was a statistically significant dif-
ference between the IT of muscles internally rotating the shin 
in the involved knee and uninvolved knee at 25° of the inter-
nal shin rotation (Figure 4).

There were no side-to-side differences in the PT in the ST group 
(Figure 5) and STGR group (Figure 6).

Excellent reliability values were obtained in the test-retest 
analysis (ICC = 0.83–0.95) of IT measurement of the muscles 
responsible for IR (Table 4). There was also strong agreement 
between the values obtained in each session for measure-
ment of IT of the muscles responsible for ER (ICC=0.70–0.96; 
Table 4). The test-retest values for PT measurement also indi-
cated excellent reliability (ICC=0.84–0.97) for the muscles re-
sponsible for both IR and ER (Table 5).

Normalized isometric torque (Nm·kg–1)

Studied 
muscle group

Shin rotation 
angle

Group ST 
involved leg

Group STGR 
involved leg

Control group 
right leg p

Control group 
left leg p

x SD x SD x SD x SD

IR muscles

ER 30° 0.60 0.12 0.61 0.09 0.58 0.11 0.77 0.56 0.10 0.34

ER 20° 0.54 0.11 0.54 0.08 0.51 0.10 0.66 0.48 0.09 0.13

ER 10° 0.47 0.10 0.47 0.08 0.45 0.09 0.22 0.43 0.09 0.34

NP 0° 0.42 0.09 0.42 0.08 0.39 0.07 0.49 0.37 0.07 0.19

IR 10° 0.37 0.11 0.35 0.07 0.34 0.09 0.95 0.32 0.07 0.10

IR 25° 0.26 0.08 0.26 0.07 0.24 0.07 0.41 0.24 0.06 0.46

ER muscles

ER 30° 0.35 0.07 0.30 0.11 0.30 0.07 0.13 0.30 0.08 0.12

ER 20° 0.42 0.08 0.38 0.11 0.37 0.09 0.21 0.38 0.07 0.25

ER 10° 0.45 0.08 0.43 0.10 0.43 0.08 0.59 0.43 0.07 0.56

NP 0° 0.48 0.10 0.47 0.10 0.46 0.08 0.77 0.47 0.08 0.97

IR 10° 0.49 0.10 0.49 0.10 0.48 0.09 0.85 0.49 0.09 0.99

IR 25° 0.50 0.11 0.51 0.09 0.50 0.10 0.89 0.51 0.09 0.89

Table 2. Normalized isometric torque of the muscles responsible for IR and ER of the shin in the ST, STGR and control groups.

Group ST – patients who underwent ACL reconstruction with a semitendinosus graft; Group STGR – patients who underwent ACL 
reconstruction with a combined semitendinosus and gracilis graft; IR – internal shin rotation; ER – external shin rotation; NP – neutral 
position; p – significance level; x – mean; SD – standard deviation.

Normalized peak torque (Nm·kg–1)

Studied muscle 
group

Angular 
velocity 

Group ST
involved leg

Group STGR 
involved leg

Control group 
right leg p

Control group 
left leg p

x SD x SD x SD x SD

IR muscles
60°/s 0.49 0.11 0.48 0.06 0.46 0.10 0.63 0.45 0.09 0.44

180°/s 0.41 0.09 0.39 0.39 0.39 0.08 0.26 0.39 0.07 0.80

ER muscles
60°/s 0.47 0.07 0.46 0.46 0.46 0.07 0.78 0.45 0.08 0.78

180°/s 0.40 0.07 0.38 0.38 0.41 0.06 0.29 0.38 0.06 0.57

Table 3. Normalized PT of the muscles responsible for IR and ER of the shin in the ST, STGR and control groups.

Group ST – patients who underwent ACL reconstruction with a semitendinosus graft; Group STGR – patients who underwent ACL 
reconstruction with a combined semitendinosus and gracilis graft; IR – internal shin rotation; ER – external shin rotation; 
p – significance level; x – mean; SD – standard deviation.
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Discussion

Our results indicate that after 24 weeks of postoperative reha-
bilitation there were no significant differences in the IT and PT 
of the muscles responsible for internal shin rotation between 
patients who underwent ACL reconstruction using an ST graft 
and patients who underwent reconstruction using a combined 
STGR graft. There were also no differences in the IT and PT of 

the muscles responsible for external shin rotation between the 
2 groups of patients. The comparison between the 2 groups of 
patients and the control group also did not show any statisti-
cally significant differences. Nevertheless, in the STGR group 
there was a side-to-side difference in IT mean value of mus-
cles internally rotating the shin at 1 of the measurement po-
sitions of the shin towards the femur (IR 25°).

It is highly important to restore muscle strength after ACL re-
construction, because the motion and stability of the knee are 
controlled not only by static stabilizers, including ligaments, 
but also by dynamic stabilizers such as muscles [34]. Most 

Figure 3. �Comparison of IT of the muscles responsible for 
internal rotation and external rotation of the shin 
obtained from the involved and uninvolved legs in the 
group of patients who underwent ACL reconstruction 
with a semitendinosus graft. IR – internal shin rotation; 
ER – external shin rotation; NP – neutral position; 
* significance level <0.05.
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Figure 5. �Comparison of PT of the muscles responsible for 
internal rotation and external rotation of the shin 
obtained from the involved and uninvolved legs in the 
group of patients who underwent ACL reconstruction 
with a semitendinosus graft. IR – internal shin rotation; 
ER – external shin rotation; * significance level<0.05.
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Figure 6. �Comparison of IT of the muscles responsible for 
internal rotation and external rotation of the shin 
obtained from the involved and uninvolved legs in the 
group of patients who underwent ACL reconstruction 
with a combined semitendinosus and graft.
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Figure 4. �Comparison of IT of the muscles responsible for 
internal rotation and external rotation of the shin 
obtained from the involved and uninvolved legs in the 
group of patients who underwent ACL reconstruction 
with a combined semitendinosus and graft. 
IR – internal shin rotation; ER – external shin rotation; 
NP – neutral position; * significance level <0.05.
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studies that have investigated ST and GR strength after ACL 
reconstruction have concentrated on knee flexor strength [35]. 
Czamara and Tomaszewski [14] reported no statistically sig-
nificant side-to-side differences in the IT of the knee flexors 
during the 21st week of postoperative physiotherapy, and in 
PT during the 24th week of postoperative physiotherapy af-
ter ACL reconstruction using a hamstring graft. Lipscomb and 

Johnston [36] reported no significant hamstring weakness, as 
indicated by mean PT values, 2 years after ACL reconstruction 
using an STGR graft. Simonian and Harrison [37] evaluated the 
effect of harvesting both the ST and GR tendons for ACL re-
construction on knee function, and knee extension and flex-
ion strength, over a minimum 3-year follow-up period. Their 
results suggest that harvesting both the ST and GR tendons 

Table 4. �Comparison of IT of the muscles responsible for IR and ER of the shin obtained from the right and left legs during two 
separate measurements (the test-retest).

Group T-R – males who participated in the test-retest assessment; x – mean; SD – standard deviation; IR – internal shin rotation; 
ER – external shin rotation; NP – neutral position; ICC – intraclass correlation coefficient.

Measurement

Isometric torque (Nm)

IR muscles ER muscles

Right leg Left leg Right leg Left leg

1st 2nd ICC 1st 2nd ICC 1st 2nd ICC 1st 2nd ICC

Shin
rotation
angle

ER 30°
x 52.42 52.67

0.93
45.50 48.25

0.92
24.83 25.58

0.70
24.17 27.00

0.74
SD 11.52 10.80 10.19 11.77 7.28 7.40 5.04 6.25

ER 20°
x 45.42 46.42

0.95
40.42 42.58

0.90
30.58 31.83

0.93
30.58 32.08

0.75
SD 10.84 11.53 7.89 12.75 6.88 7.28 4.50 7.23

ER 10°
x 40.42 40.50

0.95
34.92 37.33

0.87
35.58 34.50

0.90
33.83 35.00

0.86
SD 10.55 11.38 8.08 11.58 7.12 8.07 4.90 7.97

NP 0°
x 36.08 35.17

0.93
28.58 33.67

0.83
38.92 39.58

0.94
36.67 37.42

0.91
SD 9.28 9.44 8.34 10.21 6.57 9.07 6.44 8.71

IR 10°
x 31.00 30.42

0.94
24.42 28.50

0.87
40.08 41.33

0.76
38.42 39.17

0.92
SD 8.10 9.43 7.43 9.41 5.81 10.26 8.35 9.27

IR 25°
x 22.50 22.67

0.94
18.42 21.75

0.89
43.33 42.58

0.93
39.83 40.92

0.96
SD 7.13 8.05 6.49 8.65 8.96 11.66 10.70 11.75

Measurement

Peak torque (Nm)

IR muscles ER muscles

Right leg Left leg Right leg Left leg

1st 2nd ICC 1st 2nd ICC 1st 2nd ICC 1st 2nd ICC

AV

60°/s
x 41.50 40.08

0.97
37.17 40.67

0.91
37.92 38.25

0.88
34.42 37.58

0.92
SD 9.72 9.39 7.30 10.63 5.60 8.11 7.20 9.02

180°/s
x 33.58 34.33

0.97
29.67 31.25

0.85
32.17 33.58

0.84
29.50 31.00

0.87
SD 8.48 8.39 6.67 6.80 4.86 6.93 5.27 6.71

Table 5. �Comparison of PT of the muscles responsible for IR and ER of the shin obtained from the right and left legs during two 
separate measurements (the test-retest).

AV – angular velocity; Group T-R – males who participated in the test-retest assessment; x – mean; SD – standard deviation; 
IR – internal shin rotation; ER – external shin rotation; NP – neutral position; ICC – intraclass correlation coefficient.
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does not significantly reduce the function and strength of the 
operated knee. In contrast, Coombs and Cochrane [18] report-
ed a deficit in knee flexor strength lasting at least 12 months 
post-surgery after ACL reconstruction with a combined ST and 
GR tendon graft, even after a full rehabilitation protocol was 
followed. Other studies have also shown a significant side-to-
side difference in flexor muscle strength after ACL reconstruc-
tion with the use of hamstring tendon grafts [27,38]. Ardern 
and Webster [39] showed hamstring strength deficits persist-
ed for a mean of 32.5 months after ACL reconstruction, de-
spite completion of a rehabilitation program. However, they 
did not find significant differences between the STGR and 
ST groups in any of the measures used in their study (IT and 
PT of knee flexors and standing knee flexion angle). Inagaki 
et al. (2013), based on an evaluation of knee stability and clin-
ical outcome, found no differences between the ST and STGR 
groups 2 years after ACLR reconstruction [40]. Yosmaoglu and 
Baltaci [41] compared the results of a multi-joint lower-limb 
tracking-trajectory test, the PT of knee extensors and flexors 
at 60°/s and 180°/s, and anterior tibial translation in patients 
who received ST and STGR grafts 12 months after ACL recon-
struction. They found that the side-to-side differences in flex-
or peak torque at 60°/s were significantly higher in the STGR 
group than in the ST group. The other side-to-side differenc-
es did not significantly differ, suggesting that preservation of 
the GR might improve postoperative athletic function [41].

The ST and GR muscles also contribute to internal shin rota-
tion; thus, it has been suggested that harvest of these tendons 
can result in internal shin rotation weakness. Although GR is 
not truly a hamstring muscle, and is considered to be a mus-
cles of the medial compartment of the thigh, which is a mus-
cle that flexes and medially rotates the shin at the knee [42]. 
Interestingly, Ahlen and Liden [43], evaluating a group of pa-
tients with a mean time since ACL reconstruction (STGR) of 
8.5 years, demonstrated significant side-to-side differences 
in flexion PT but no significant PT deficit in internal shin ro-
tation. Because of significant weakness in deep knee flexion, 
the authors suggested avoiding STGR autografts for athletes 
who depend on strength in deep flexion [43]. Other authors 
have reported an association between lack of weakness in the 
muscles responsible for internal shin rotation and completion 
of a systematic physiotherapy program [23]. The internal shin 
rotation torques under static and isokinetic conditions in the 
operated legs of patients 21 weeks after ACL reconstruction 
with an STGR graft were similar to the values obtained from 
their uninvolved legs, and to the results from healthy partic-
ipants; however, these values were significantly higher than 
those obtained from males who did not participate in any sys-
tematic physiotherapy program after ACL reconstruction [23]. 
The results that we obtained for external shin rotation torque 
were similar to those reported by Viola et al.; they showed no 
statistically significant differences in PT between reconstructed 

and contralateral knees at any angular velocities [20]. The IT 
of the muscles responsible for external rotation also did not 
significantly differ between limbs in our study. However, our 
analysis of side-to-side differences in the PT of internal shin 
rotation differed from the findings of Viola and Sterett [20]; we 
obtained similar values in each leg. Our results also differed 
from those of Segawa and Omori [21], who noted that the in-
ternal shin rotation PT of the involved limb was decreased in 
the STGR group, but not in the ST group at 1 year after sur-
gery. Thus, they recommended harvesting the ST tendon only 
to minimize harvesting morbidity [21]. The side-to-side differ-
ences in PT reported in the current study were lower than the 
deficits in internal rotation strength that were found in the 
involved extremity as compared with the uninvolved side by 
Armour and Forwell [24] 2 years after ACL reconstruction us-
ing STGR grafts. Nevertheless, our analysis in the STGR group 
showed a side-to-side difference in IT values of muscles inter-
nally rotating the shin at one of the angular positions of the 
shin towards the femur (IR 25°). This indicates that 24 weeks 
of physiotherapy may not be enough to correct between-limb 
differences in internal shin rotation strength, and the phys-
iotherapy program may need to be extended in this group of 
patients because the loss of muscle strength at deep internal 
rotation and flexion angles can influence performance in var-
ious sports activities. The possibility of increased risk of rein-
jury due to internal shin rotational weakness, and that inter-
nal shin rotation deficits could be clinically significant in sports 
requiring shin rotation, has also been discussed by Armour 
and Forwell [24].

Information about the reliability of a measurement when us-
ing a specified test protocol in a given participant or patient 
group is needed for these measurements to be useful [44–46]. 
A high degree of reliability allows us to evaluate whether the 
change in torque output that occurs following physical ther-
apy or a clinical intervention is a true change. The protocols 
that we used to measure internal and external shin rotation 
torque under static and isokinetic conditions have very high 
reliability. The test-retest performed under isokinetic condi-
tions confirmed the results of other studies

This study evaluated the IT and PT of the muscles responsible 
for internal shin rotation in patients that had undergone ACL 
reconstruction with or without GR tendon harvesting. The re-
sults showed no differences in IT and PT between the groups 
of patients and the control group. However, at deep internal 
rotation, side-to-side differences in IT of muscles internally ro-
tating the shin occurred in STGR group. This suggests that re-
habilitation in a group of patients after ACLR with ipsilater-
al autologous ST tendon graft with additional harvest of GR 
tendon should focus on muscle strengthening in deep inter-
nal rotation and flexion. On the other hand, it might suggest 
harvesting of only ST tendon whenever possible.
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Conclusions

Comparison of IT and PT measurements performed after 24 
weeks of postoperative rehabilitation generally showed no dif-
ferences between patients who underwent ACL reconstruction 
with ipsilateral hamstring autograft with the use of semiten-
dinosus tendon graft and patients who received a combina-
tion graft consisting of semitendinosus and gracilis tendons. 
Nevertheless, there was an influence of gracilis tendon har-
vest on internal shin rotation isometric torque at deep inter-
nal rotation angle.
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