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Summary

The goal of this study was to evaluate the effect of physiotherapy on the strength of muscles re-
sponsible for tibial internal rotation (IR) in male patients after anterior cruciate ligament recon-
struction (ACLR) using autografts of the semitendinosus and gracilis muscles (STGR).

Fifty-nine males were examined. The first group consisted of 19 patients subjected to 4-stage phys-
iotherapy following ACLR. The second group consisted of 20 males without knee injuries. The
third group consisted of 20 males who had not undergone systematic physiotherapy within the last
12 months following lower limb injuries. Moments of maximal strength (MMS), isometric torque
(IT), and peak torque (PT) were measured under static and isokinetic conditions using the Humac
Norm System. In the first group, IT measurements were performed during the 13th and 21st week
of physiotherapy, while PT measurements were performed during the 16th and 21st weeks of phys-
iotherapy following ACLR. In the control groups (II and III) the measurements were performed
once.

In the first group, the IT (13 weeks) and PT (16 weeks) values of internal tibial rotator muscles,
obtained from the operated extremities were significantly lower than the values obtained from the
uninvolved knees and the control group results. During the 21* week of physiotherapy, the results
obtained for IT and PT in patients after ACLR were similar to the values obtained from the unin-
volved knees and the results of the second group subjects.

The 21-week physiotherapy in ACLR patients favorably affected the PT values of tibial rotator mus-
cles of the operated knees. In the third group, the IT values did not indicate a complete improve-
ment after 12 months without systematic physiotherapy.
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BACKGROUND

Common knee joint injuries involve an anterior cruciate lig-
ament (ACL) tear. The patients usually undergo conserva-
tive treatment and surgery [1-3]. Surgery involves ligament
reconstruction using a central patellar ligament band graft
of the bone tendon-bone (BTB) type, as well as grafts har-
vested from the semitendinosus and gracilis muscles (STGR)
the Achilles tendon, the quadriceps muscle or artificial lig-
aments [4]. At present, anterior cruciate ligament recon-
structions (ACLR) are performed increasingly often using
autografts harvested from the semitendinosus and gracilis
muscles [5,6]. Zelle et al. (2006) indicated that such sur-
gical procedures may be effective and contribute to resto-
ration of knee joint stability [7]. The material for the ACL
graft is harvested from the muscles — semitendinosus (be-
longing to the hamstrings muscle group) and gracilis (be-
longing to the adductor muscles of the thigh) — and the
grafts are usually harvested from operated limbs [8]. These
muscles bend the knee joint and rotate the tibia on the fe-
mur. The semitendinosus and gracilis muscles bend and ro-
tate the tibia internally on the femur [9]. Graft harvesting
from these muscles for ACL reconstruction results in partial
damage of these muscles [10]. Under such circumstances,
the structure and volume of these muscle tendons change
and muscle strength is impaired. Studies on peak torque
(PT) of knee joint muscles, mainly in the sagittal plane in
patients after ACL reconstruction, are plentiful [11]; how-
ever, papers reporting PT induced in patients after ACLR
and affecting the knee joint in the transverse plane by tib-
ial rotation on the femur are sparse [12,13].

The issue of PT in the muscles contributing to tibial rotation
on the femur in patients after ACLR who underwent reha-
bilitation has caused us to pose a few questions. The first one
concerns the PT results, obtained for different values of tibial
rotation angle on the femur in the operated limbs compared
to the results obtained in the control groups. Is it possible to
restore the strength in muscles contributing to internal tibial
rotation on the femur? If so, how long does it take given the
fact that the graft was harvested from the semitendinosus and
gracilis muscles? Is it true that a special physiotherapy program
does not significantly contribute to the improvement of the
PT values in muscles contributing to tibial rotation in patients
after ACLR, because only the time after surgery is important?

The goal of this paper was to evaluate the effect of physio-
therapeutic procedures on PT values in muscles responsible
for internal tibial rotation under static and isokinetic con-
ditions in patients after ACLR using STGR grafts.

MATERIAL AND METHODS

The study was carried out in the Center of Rehabilitation
and Medical Education of the College of Physiotherapy in
Wroclaw. The subjects provided signed informed consent
prior to the study. The experiment was approved by the
university Research Committee. Measurements were per-
formed on 59 males under static and isokinetic conditions
of the muscles contributing to internal and external tibial
rotation. The subjects were divided into 3 groups.

Group I consisted of 19 males after endoscopic reconstruc-
tion of an isolated ACL tear (ACLR) by Mitek’s method

(JOHNSON & JOHNSON GATEWAY® Company) using the
autografts of the semitendinosus and gracilis muscles [14].
The grafts were harvested from flexor tendons of the operated
knee joint. Graft stabilization was performed by the Regidfix
method. The first group of subjects underwent a 4-stage phys-
iotherapeutic procedure [15]. Group II consisted of 20 males
with no lower limb injuries. Group III consisted of 20 male
amateur athletes, who had sustained lower limb injuries, on
average 12 months prior to the study, but did not participate
in systematic physiotherapy. Table 1 presents characteristics
of the basic somatic features of the studied cohorts.

Measurement of the moments of maximal strength
(MMS) - isometric torque (IT) in muscles responsible for
tibial rotation on the femur under static conditions

After medical examination, Group I subjects and the con-
trols obtained the orthopedist’s consent to participate in the
experiment. Each subject was informed about the purpose
and course of the study prior to anamnesis. Before the mea-
surements of I'T (Nm) under static conditions and PT under
isokinetic conditions, the subjects did a 12 minute warm-
up on a cycloergometer with a constant velocity of 60 rpm.
During the first 6 minutes a 50 watt (W) load was applied.
Next, the load was increased every 2 minutes by 5-10 W.

The warm-up was followed by a 5 minute break. After that,
IT values were measured in the muscles responsible for in-
ternal rotation of the crus towards the thigh and for alter-
nant external rotation of the crus in both lower extremities;
first the uninvolved limbs were studied in Groups I and III
and next, the right legs were studied in Group II. IT mea-
surements were taken under static conditions in 6 positions
of the rotation angle of the crus towards the thigh, name-
ly: 30°, 20°, 10°, during external rotation (ER) of the tibia,
during neutral rotation (NR) with a 0° rotation angle, and
next during a 10° and 25° internal rotation (IR) of the tib-
ia. The knee joint was stabilized at 80° flexion. The angle of
hip flexion was also 80°. The measurements were performed
using Humac Norm Testing & Rehabilitation Systems [16].
The measurement system was calibrated. Isometric torque
(IT) measurements were taken in the supine position. The
dynamometer axis was positioned according to the anatom-
ical rotation axis of the examined knee joint. The chair was
adjusted and the cushion was used to support the patient’s
cervical spine. The patient was stabilized using an oblong
belt stabilizing the lumbosacral spine at the level of anterior-
superior iliac spines and a 4-point belt, buckled at the level
of the fifth and sixth rib pairs. The examined knee was posi-
tioned at 80° flexion on a stabilizing support. The belt pro-
viding thigh stability was threaded through the lateral and
the middle buckle of the seat at the level of the lower third
of the thigh. The shank of the uninvolved leg hung beyond
the chair edge. During strength measurement, the subjects
had their arms crossed on the chest and the head leaned
against the chair. The range of movement was determined
in the examined extremity. The foot was placed in the sagit-
tal plane, in line with the shank and the thigh. The angle be-
tween the foot and the shank was 90°. Examination in each
position of the tibial rotation angle involved alternant max-
imal isometric tension (contractions) of the muscles con-
tributing to internal and external tibial rotation. The sub-
ject started maximal isometric muscle contractions on the
“start” signal and finished them on the “stop” signal. The
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Table 1. Characteristics of the studied groups. Mean values (X), standard deviation (SD).

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

X 34.20 176.84 81.63
Group [(n=19)

SD 8.20 8.80 11.84

X 27.15 180.80 79.05
Group lI(n=20)

D 7.23 4.67 8.10

X 28.55 180.65 77.10
Group llI(n=20)

SD 8.27 7.40 2.25

duration of a single contraction was 6 seconds. There were
45-second intervals between the contractions. On comple-
tion of the measurements in 1 position, the angle of tibial
rotation was changed. The positions were changed automat-
ically and the angles were in accordance with the preset po-
sition of tibial rotation on the femur. Patients from the first
group were examined initially during the 13" week and dur-
ing the 21* week of physiotherapy after ACLR. The second
and third group subjects were examined only once. The IT
of the muscles contributing to internal and external tibi-
al rotations were measured separately for the right and left
knees. There was a 2-minute interval between the first and
the second measurement. The highest obtained IT values
were selected separately for each examined muscle group
and each measurement angle of the right and left knee.

Peak torque (PT) measurement under isokinetic
conditions

PT values for the muscles contributing to tibial rotation on
the femur were measured in the patients during the 16"
and 21" week following ACLR. Such measurements were
performed only once in the control groups (groups Il and
IIT). The measurements were preceded by a warm-up peri-
od. During the procedure, the subjects assumed the baseline
position and the sequence of measurements for each knee
was the same as under static conditions. The examination
involved 2 series of concentric exercises performed by the
subjects under isokinetic conditions of alternant internal
and external tibial rotation with angular velocities of 60°/s
and 180°/s. Each series was preceded by 1 trial repetition.
The subjects started a series of exercises on the “start” com-
mand and finished on the “stop” command. The first series
included 5 repetitions performed with an angular veloci-
ty of 60°/s. The series of exercises was followed by a 90-sec-
ond interval. After that, the second series of exercises was
performed involving 8 repetitions with an angular veloci-
ty of 180°/s. On completion of the PT measurement of 1
knee there was a 2-minute break to prepare the measuring
apparatus and to allow the subjects to rest, and then the PT
values of contralateral knee were measured.

Statistical analysis

The results were then statistically analyzed. The mean val-
ues (X) and standard deviation (SD) of the obtained vari-
ables were calculated. The difference between the IT and
PT values of the operated and uninvolved limbs were cal-
culated using a non-parametric Wilcoxon'’s signed rank test

for dependent variables (groups). The between group dif-
ferences in the IT and PT values were determined using
the Mann-Whitney nonparametric U test for independent
variables. Statistical significance was accepted at the level
of p<0.05 [17].

The statistical analysis was carried out using a SPSS Statistics
v.17 Multilanguage program.

RESULTS

The first group of patients obtained significantly lower mean
IT values from the muscles contributing to internal tibial ro-
tation in all studied ranges of the measurement angle when
compared to the uninvolved knees during the 13" week fol-
lowing reconstruction. Table 2 presents these differences. The
significance level ranged from p=0.016 to p=0.001. During
the 21" week following ACLR, an increase in IT values for the
muscles to internal tibial rotation and, importantly, the results
obtained from the operated limbs, were closer to those ob-
tained from the uninvolved ones. No statistically significant
differences of the studied parameter were noted (Table 2).

During the 21* week of physiotherapy the IT values of the
muscles contributing to internal tibial rotation increased
as compared to the results obtained during the 13" week
after ACL reconstruction for each measurement angle.
For 4 of the 6 positions of the measurement angle, the in-
crease was statistically significant at a level from p=0.017 to
p=0.045. Only with 10° and 20° of tibial external rotation
did the increase in IT values of the muscles contributing
to internal tibial rotation become statistically significant as
presented in Table 3.

In the first group, during the 13" week after ACL, the mean
IT values of the muscles contributing to external tibial ro-
tation in the operated knees were lower compared to the
values obtained for the uninvolved knees. However, only at
25° of external rotation was the difference statistically sig-
nificant (p=0.05).

During the 21 week after ACLR (the second examination),
the results obtained for the operated knees were similar to
the values obtained for the same group of shank-rotating
muscles in the involved knees. This time, no statistically sig-
nificant differences were noted (Table 4).

During the 21* week following ACLR, no statistically signif-
icant differences were found between the IT values of the
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Table 2. Comparison of the IT values (Nm) of the muscles contributing to internal tibial rotation in the operated and uninvolved knees during the
13™ and 21* week following ACLR.

IT (Nm) the muscles contributing to internal tibial rotation in patients (Group ) after ACLR

n=19 13 week after ACLR (examination 1) 21 week after ACLR (examination 2)
Tibial
rotation  Operatedleg(Nm)  Uninvolved leg (Nm) Operated leg (Nm)  Uninvolved leg (Nm)
angle®
X SD X SD P X SD X SD P

RZ 30° 38.8 9.4 47.8 10.2 0.001 471 9.4 47.8 10.7 0.647
Rz 20° 35.7 9.8 411 9.1 0.009 43 9.0 4.4 10.2 0.984
Rz 10° 324 8.4 36.5 9.6 0.016 36.7 73 375 83 0.541
NR0° 26.6 8.6 32.8 9.6 0.001 32.9 5.7 30.9 6.9 0.471
RW 10° 22.9 6.2 286 8.5 0.003 27.5 6.4 29.7 8.5 0.132
RW 25° 15.5 5.7 212 7.6 0.002 203 5.0 21.8 7.4 0.231

ER — external rotation; IR — internal rotation; NR — neutral rotation.

Table 3. Comparison of the IT values (Nm) of the muscles contributing to internal tibial rotation Between the 13™ and 21+ week after ACLR in group .

Tibial rotation 13 week after ACLR (examination 1) 21 week after ACLR (examination 2)
angle () X SD X SD i
ER30° 38.8 9.4 47. 9.4 0.034
ER 20° 35.7 9.8 423 9.0 0.093
ER10° 324 8.4 36.7 73 0.171
NRO° 26.6 8.6 329 5.7 0.045
IR10° 22.9 6.2 27.5 6.4 0.042
IR 25° 15.5 5.7 203 5.0 0.017

ER — external rotation; IR — internal rotation; NR — neutral rotation.

Table 4. Comparison of the IT values of the muscles contributing to external tibial rotation in the operated and uninvolved knees during the 13™ and
21 week after ACLR.

IT (Nm) of the muscles contributing to external tibial rotation in group | — patients after ACLR

n=19 13 week after ACLR (examination 1) 21 week after ACLR (examination 2)
Tibifll Operated leg(Nm)  Uninvolved leg (Nm) Operated leg (Nm)  Uninvolved leg (Nm)
rotation

angle° X SD X SD P X SD X SD p
ER 30° 204 9.4 22,0 6.7 0.343 25.27 8.13 22.81 9.46 0.135
ER20° 26.5 9.6 29.6 7.8 0.079 29.31 9.63 29.18 9.40 0.407
ER10° 311 8.9 334 8.7 0.097 34.22 7.77 32.63 7.61 0.678
NR0° 34.4 8.9 36.2 9.2 0.268 36.40 8.20 35.40 8.05 0.643
IR10° 36.2 8.6 384 8.9 0.106 37.40 8.07 37.81 7.97 0.422
IR25° 36.8 8.5 39.8 8.0 0.035 38.18 8.19 39.72 7.68 0.983

ER — external rotation; IR — internal rotation; NR — neutral rotation.
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Table 5. Comparision of the values between the muscles contributing to internal and external tibial rotation in group | patients during 21 week

following.

IT of the muscles contributing to internal tibial rotation

IT of the muscles contributing to external tibial rotation

Tibial (Nem) (Nm)
::ntgalte“(m) 21 wfe'i’!.’é'tlr ACLR Group Il P o weGeIi?:?tcler ACLR Group P
X ) X s X ) X )

R30° 471 94 446 103 085 252 8.1 275 63 0455
R20° 423 90 395 01 081 293 96 338 63 009
R10° 367 73 370 44 0498 342 77 3 83 034
NROS 329 57 33 55 0921 364 82 390 84 0297
R10° 275 64 270 53 085 374 80 407 88 0338
R2° 203 500 190 54 oMs 381 8.1 £33 84 0112

ER — external rotation; IR — internal rotation; NR — neutral rotation.

Table 6. Comparison of the IT values of the muscles contributing to tibial rotation during the 21 week after ACLR and the results obtained from
group Il subjects who did not participate in any systematic physiotherapeutic program.

IT of the muscles contributing to internal tibial rotation

IT of the muscles contributing to external tibial rotation

Tibial (Nm) (Nem)
;(l)ltgalte“("; 21 weglz::uflt)elr ACLR Group Il , weglzoauflt)elr ACLR Group Il "
X s X ) X ) X )

R30° 471 04 382 121 0054 252 8.1 26 81 0121
R2° 423 900 35 105 0014 293 96 292 92 034
R1° 367 73 2s 77 0005 342 77 3 12 0349
NRO° 329 57 255 89 0002 364 82 348 106 0757
R10° 275 64 201 64 0004 374 80 363 109 0978
R2° 203 500 140 48 0001 381 8.1 40.1 132 0391

ER — external rotation; IR — internal rotation; NR — neutral rotation.

muscles contributing to internal and external tibial rotation
in the operated knees in patients after ACLR and the ana-
logical values of the control groups (Table 5).

Group I (patients who underwent systematic physiotherapy
after ACLR) obtained significantly higher IT values from
the muscles contributing to internal tibial rotation dur-
ing the 21* week of physiotherapy in 5 of 6 ranges of mea-
surement angles as compared to Group III (patients who
had sustained lower limb injuries, but did not participate
in systematic physiotherapy). The significance level for the
different angles of measurement ranged from p=0.014 to
p=0.001 between the IT values of the muscles contributing
to internal and external tibial rotation in different groups,
as presented in Table 6.

In the first group of patients, a statistically significant in-
crease was noted in the PT values obtained from the muscles

contributing to internal tibial rotation in the operated knees
under isokinetic conditions for both preset angular veloc-
ities, namely 180°/s and 60°/s (p=0.028 and p=0.037, re-
spectively) during the 21* week following reconstruction
when compared with the values obtained during the 16™
week following reconstruction (Table 7). A statistically sig-
nificant increase in the PT values obtained from the muscles
contributing to external tibial rotation was noted (p=0.001
and p=0.002, respectively). Importantly, the results obtained
from the operated leg during the 16" week following ACLR
in the isokinetic test with a constant velocity of 180°/s were
significantly lower than the results obtained from the unin-
volved legs (p=0.005). The results obtained for the muscles
contributing to internal tibial rotation in the patients dur-
ing the 21 week following ACLR were similar to those ob-
tained from the uninvolved legs, and no statistically signif-
icant differences were noted. A similar tendency, albeit at
a higher level of the obtained PT values, was noted in the

CR527



Clinical Research

Med Sci Monit, 2011; 17(9): CR523-531

Table 7. Comparison of the PT values of the muscles contributing to internal and external tibial rotation under isokinetic conditions in group |

(patients) between the 16™ and 21 week postoperatively.

PT internal tibial PT internal tibial PT external tibial PT external tibial
rotation (Nm) rotation (Nm) rotation (Nm) rotation (Nm)
Angular Group | Group | Group | Group |
velocity°/s  — knee after ACLR — uninvolved knee —knee after ACLR —uninvolved knee
X SD X SD X SD X SD
180°/s _ _
i 27.05 5.93 30.33 452 p=0.005 26.88 5.84 28.16 4.66 p=0.119
- 16" week
180°/s _ _
o 30.82 6.2 32.00 5.46 p=0.145 3131 6.18 31.56 7.83 p=0.568
— 21 week.
p=0.028 p=0.130 p=0.001 p=0.046
63 Is 3237 6.94 38.00 6.79 p=0.001 31.43 738 34.93 8.04 p=0.015
- 16™ week
68 /s 36.82 6.74 37.76 8.02 p=0.797 37.00 7.30 38.00 8.35 p=0.549
— 21" week

p=0.037 p=0.659

p=0.002 p=0.055

Table 8. Comparison of the PT values obtained from the muscles contributing to internal and external tibial rotation under isokinetic conditions
between the operated limbs of group | patients during the 21 week after ACLR and the results obtained from group Il and IIl.

Group | PT of the Control groups

Group | PT of the Control groups

musdes contributing  PT of the muscles musdes contributing  PT of the muscles
Angular to internal tibial contributing to external tibial contributing
velocity°/s rotation of the to internal tibial rotation of the to external tibial p
operated leg rotation operated leg rotation
X SD X SD X SD X SD
180°/s
30.82 6.20 32.70 6.10 p=0.336 31.31 6.18 32.00 5.12 p=0.736
—Group I
180°/s _ _
30.82 6.20 28.61 571 p=0.380 31.31 6.18 30.50 5.27 p=0.577
—Group Il
_ g?mﬁ) | 3682 6.74 38.85 8.44 p=0.384 37.00 7.30 35.80 6.51 p=0.544
B 662):; i 3682 6.74 33.78 6.58 p=0.135 37.00 7.30 3433 6.81 p=0.261

isokinetic test performed with a velocity of 60°/s. During
the 16™ week of physiotherapy, the PT values obtained from
the muscles contributing to internal tibial rotation in the
operated legs were significantly lower (p=0.001) when com-
pared to those obtained from the uninvolved legs. During
the 21* week of physiotherapy, a statistically significant in-
crease in the PT values was noted in the muscles of the op-
erated knees and the results were similar to those obtained
from the uninvolved legs. During the 21* week following
ACLR, no statistically significant differences were noted be-
tween the results obtained from the operated and uninvolved
legs (p=0.797) (Table 7). Analysis of the PT values obtained
from the muscles contributing to external tibial rotation
in the operated knees of patients from the first group re-
vealed that with the angular velocity of 60° /s applied during

the first measurement (16" week of physiotherapy) the val-
ues were significantly lower when compared to those ob-
tained from the same muscle group in the uninvolved legs
(p=0.015). The measurements performed during the 21*
week of physiotherapy showed a significant increase in the
values obtained from the operated knees, which were sim-
ilar to the results obtained from the uninvolved legs. The
examination carried out during the 21* week after ACLR
did not reveal any significant differences between the re-
sults obtained from both legs (p=0.549) (Table 7).

Analysis of the results presented in Table 8 indicates that
during the 21* week of physiotherapy the PT values ob-
tained from the muscles contributing to internal and ex-
ternal tibial rotation were similar to the results of Group II
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subjects (males with no knee injuries), and did not reveal
any statistically significant differences. A similar tendency
was noted when we compared the results obtained from
the above-mentioned muscle groups contributing to tibial
rotation between Group I and Group III subjects. Subjects
in the first group obtained higher PT values from the mus-
cles contributing to internal and external tibial rotation
in the operated knees for both preset angular velocities as
compared to the Group III subjects; however, no statistical-
ly significant inter-group differences were noted (Table 8).

DiscussIioN

Knee bending with internal and external tibial rotation is
performed mainly by the muscles belonging to the ischio-
crural muscle group and some posterior tibial muscles,
particularly the triceps of the lower leg. The studied issue
is essential as it pertains to the evaluation of the PT values
obtained from the muscles contributing to internal tibial
rotation in males participating in a 4-stage rehabilitation
program after ACL reconstruction using grafts harvested
from the semitendinosus and gracilis muscles. These mus-
cles, when bending the knee, contribute to internal tibial
rotation. We assumed that the procedure should contrib-
ute to changes in the PT ratios in muscles for internal (ad-
verse) to external tibial rotation. As for this muscle group,
we did not see any reason for substantial strength impair-
ment. The results of our study confirmed this thesis; this
was especially visible postoperatively during the 16" week.
Ristanis et al (2009) reported a delay in bioelectric stimu-
lation in ACLR patients at the side of graft harvesting, as
revealed by electromyography [18].

Moreover, our literature review demonstrates that there are
not enough studies dealing with this issue. In our study, we
determined IT values of the studied muscle groups under
static conditions for 6 angles of internal tibial rotation and
6 angles of external tibial rotation on the femur. The mea-
surements ranged from 30 degrees of external rotation to
25 degrees of internal rotation of the tibia.

In the second group of males without ACL injuries we ob-
tained IT values of muscles contributing to tibial rotation,
depending on the angle of tibial rotation. The results were
shaped as 2 parabolas, reflecting the different obtained by
IT values depending on the measured joint angle and the
studied muscle group contributing separately to internal
and external tibial rotation. The values obtained for the
uninvolved knees show a physiological pattern, which was
the goal of the rehabilitation program for ACLR patients
in terms of strength moments restoring in the above-men-
tioned muscle groups.

In the first group of ACLR patients, the measurements per-
formed during the 13™ week of physiotherapy under stat-
ic conditions revealed significantly lower IT values of the
muscles responsible for internal tibial rotation for most of
the studied angles when compared to the uninvolved knees
and the results obtained from the control group of males
without knee injuries. Restoration of muscle strength may
be achieved by alternant isometric and dynamic training
with a high load and also with adequately selected level of
intensity of exercise performance. However, during the first
stage of physiotherapy, intensive training with a high load

applied on hamstrings was contraindicated as time was need-
ed to heal the site of graft harvesting from the tendons of
the semitendinosus and gracilis muscles, affecting also the
blood vessels and the surrounding soft tissues. Therefore,
due to the above-mentioned biological conditioning, exer-
cise with a partial load for the hamstrings was postopera-
tively introduced at the end of the sixth week. During subse-
quent weeks, the load and intensity were increased. During
the exercise involving hamstrings, we tried to rotate the foot
and lower leg internally, alternating with neutral rotation. In
addition, concentric-eccentric exercises with an increased
load were gradually introduced [15].

As a result, by the 21* postoperative week we had managed
to restore baseline IT values of the muscles contributing to
internal tibial rotation under isometric conditions for the
6 studied measurement angles. Moreover, the IT values ob-
tained from the muscles contributing to internal tibial ro-
tation at the site of the graft harvesting were significantly
higher than the values obtained from the Group III subjects
(males with lower limb injuries, who did not participate in
systematic physiotherapy). We may assume that, apart from
spontaneous healing of the graft harvesting site and its his-
tologic reconstruction, the applied systematic, gradual re-
habilitation program with an adequately selected load fa-
vorably affected IT restoration in ACLR patients. During
the 21 week after ACLR, the IT values obtained from the
muscle groups contributing to and the external internal
tibial rotation in the operated knees were similar to the re-
sults obtained from the uninvolved knees under isokinet-
ic conditions and to the results of the control groups, ob-
tained for both preset angular velocities — 180°/s and 60°/s.
The measurements were performed during concentric ex-
ercises with alternant internal and external tibial rotation
[16]. The dynamics of changes in the PT values obtained
under isokinetic conditions were lower when compared to
the results of IT measurements taken under static condi-
tions. These results were affected by the time of initiating
the first measurements under isokinetic conditions (16"
postoperative week) compared to the results obtained
during the 13" week after reconstruction, performed un-
der static conditions. It should be stressed that during the
13™ week after ACLR a subsequent third stage of rehabili-
tation was started, involving exercise with increased load,
intensity and difficulty [15]. The PT values and their incre-
ments, obtained under isokinetic conditions in ACLR pa-
tients between the first and second test for angular veloci-
ty of 180°/s, were lower compared to higher increments in
this biomechanic parameter for angular velocities of 60°/s,
and even lower values were obtained with 180°/s, compared
to the results obtained under static conditions. The results
and correlations are in agreement with Hill’s equation de-
termining the correlation between strength development
and the speed of muscle shortening. In practice it means
that the higher the preset angular velocity per second, the
lower is the IT value of the studied muscle group and vice
versa [19]. When evaluating the strength and strength-
speed parameters in the process of complex treatment of
ACL injuries, attention was paid to the decrease in IT val-
ues, obtained from the quadriceps muscle of the thigh and
to the effect of this phenomenon on further treatment out-
come. Obviously, the discussed issue is essential as it may af-
fect the results of later treatment [20,21]. The studies deal-
ing with the analysis of IT and relative strength moments
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(RSM) obtained from knee extensor and flexor muscles af-
ter ACL reconstruction under static and isokinetic condi-
tions are numerous [22-25]. Not only the relative values,
but also the IT ratios for particular muscle groups and the
correlations between the results obtained under static and
isokinetic conditions, are essential in restoring strength in
muscles affecting the operated joint [15,26]. Additionally,
apart from isokinetic measurements, electromyography
was performed in ACLR patients [27]. However, most of
the studies evaluated changes in PT and the related values
obtained in the sagittal plane. There have also been stud-
ies evaluating tibial rotation, mainly during passive motion,
forced in tests using a robot model [28,29]. Moreover, tib-
ial rotation was studied during a tridimensional gait analy-
sis while performing complex specific rotations of the tibia
on the femur in patients after 1- and 2-bundle ACL recon-
struction [30]. Obviously, too few studies have been con-
ducted so far to evaluate IT in muscles, which bend the
shank in the sagittal plane contributing to tibial rotation.
Popieluch et al. (2009) presented the results of IT in mus-
cles contributing to tibial rotation before surgery, but did
not report the changes resulting from IT generation dur-
ing and after physiotherapeutic procedures [12]. Viola et
al. (2000) noted a decrease in IT values in muscles con-
tributing to internal tibial rotation on the femur in ACLR
patients, finding that graft harvesting from the semitendi-
nosus and gracilis muscles reduced the strength of these
muscles when compared to analogous muscles of the un-
involved leg. The difference between the muscle strength
in the operated and uninvolved leg was still noted postop-
eratively after 40-50 weeks [13].

Armour etal. (2004) evaluated the strength of muscles con-
tributing to tibial rotation after 2 years following ACLR, us-
ing grafts harvested from the semitendinosus and gracilis
muscles; the rotation was performed under isokinetic con-
ditions with 60°/s, 120°/s and 180°/s. For all the preset an-
gular velocities, the authors noted lower PT values in the
muscles contributing to internal tibial rotation when com-
pared to the uninvolved legs [31]. Our study results ob-
tained from Group III (control group of males who sus-
tained lower limb injuries on average 12 month before the
study, and who did not participate in any systematic reha-
bilitation program) also indicated that the strength of the
muscles contributing to internal tibial rotation was not fully
restored. We wonder why the results of our measurements
taken in the first group of ACLR patients differed so much
from the results obtained by the above-cited authors and
our results obtained from the third group.

Erikkson et al. (2001) found that 1 year after tendon graft
harvesting for ACL reconstruction, the tendons partly re-
generate [32]. Feretti et al. (2002) confirmed the features
indicating regeneration and after 2 years — signs of advanced
reconstruction at the site of graft harvesting [33]. Leis et al.
(2003) carried out biomechanic examinations on semiten-
dinosus muscles in rabbits, including resistance to stretch-
ing in the tendons where grafts were harvested — 16 weeks
following the harvesting, the authors noted that the me-
chanical value of the harvested material reached 23% of
healthy tendon quality, and within about 28 weeks follow-
ing graft harvesting, it reached 68% of healthy tendon qual-
ity [34,35]. Histologic studies indicate that the healing pro-
cess of graft harvesting sites takes some time.

Based on our study results and the literary review we can as-
sume that healing process is extremely important. However,
the healing alone, without a gradual and adequately per-
formed rehabilitation program, cannot restore strength of
these muscle groups in ACLR patients.

In order to verify our initial study results, we plan to con-
tinue the study on a larger sample.

CONCLUSIONS

1. Between the 13" and 21* weeks of systematic physiothera-
py, there occurred strength improvement in muscles con-
tributing to internal tibial rotation of the knees after ACL
reconstruction.

2. At the 21* week of physiotherapy, the IT and PT values ob-
tained under static and isokinetic conditions, respective-
ly, in ACLR patients were similar to the values obtained
from the uninvolved knees of patients and the results of
the males with no lower limb injuries.

3. During the 21* week following ACLR, the patients ob-
tained higher IT values in muscles contributing to inter-
nal tibial rotation in the operated knees when compared
to the results of the males with lower limb injuries who
did not participate in any systematic physiotherapy pro-
gram.
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