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Diagnostic value of the hamstring to quadriceps ratio
in monitoring of the effectiveness
of supervised 6-month physiotherapy in males
after Anterior Cruciate Ligament Reconstruction (ACLR)
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Purpose: The aim of the study was to assess the usefulness of isometric torque (IT) and peak torque (PT) of the hamstring to quadri-
ceps muscles ratio (H/Q ratio) in monitoring the effectiveness of physiotherapy (PH) in males after ACLR. Hypothesis: The H/Q ratio is
a diagnostic tool for monitoring of the effectiveness of the 6- month PH after ACLR. Methods: Twenty males 6 months after ACLR (ACLR
group) and 20 male controls underwent IT and PT (60°/s and 180°/s) bilateral measurements of H and Q muscles. The IT and PT were nor-
malized to body mass, and expressed as relative IT (RIT) and relative PT (RPT). The RIT and RPT H/Q ratios, and Limb Symmetry Index
(LSI) were calculated. Results: In the ACLR group, the RIT for the H and Q, the RIT for the H/Q ratio and most of the RPT, as well as the
H/Q ratio, ROM and LSI values of the operated knee, were not significantly different (NSD) than those of the non-operated side (NOS)
or the control group. The between-group comparison of the H/Q ratio for RIT and RPT weren’t NSD. The isokinetic test at 180 °/s
showed lower RPT, H/Q ratio and LSI values for the Q muscle than those of the NOS (p = 0.042, p = 0.001). Conclusions: The H/Q ratio, in
combination with the RIT, RPT and LSI, is a useful diagnostic tool for monitoring the effectiveness of 6-month PH after ACLR. Restor-
ing the correct H/Q ratio can reduce the risk factor for ACL graft rupture.
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sports, which are characterized by quick changes in the

direction of movement and have a high rate of knee
joint injuries [22], [25]. The H/Q ratio has been util-

1. Introduction

The hamstring to quadriceps ratio (also called the
H/Q ratio) is used for assessing the reciprocal strength
of the hamstring and quadriceps muscles [14], [26]. It
is typically utilized by athletes preparing for competi-
tions and by therapists during physical therapy after
knee joint injuries. The H/Q ratio is considered to be
a screening tool for predisposition to knee injuries.
During rehabilitation after a knee injury, the H/Q is
used as a target reference due to the importance of
having a balanced flexor-to-extensor ratio in stabiliz-
ing the knee joint [10]. The usefulness of the H/Q
ratio has been assessed in athletes practicing contact

ized as a predictor for knee joint injuries, accounting
for the patient’s gender and age [7], [8], [13], [20]. It
has also been used in graft assessment for ACLR [9]
and in the assessment of long-term outcomes of knee
joint treatments [28]. There are few papers confirming
or excluding the usefulness of the H/Q ratio in moni-
toring consecutive stages of supervised physical ther-
apy in patients who have had ACL injuries [2], [5].
The H/Q torque ratio is also important because one of
the main goals of physiotherapy is to restore muscle
strength and normal biomechanical muscle balance in
the operated knee joint. Kyritsis et al. [16] reported
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criteria for returning to sport after ACLR, one of which
was the strength of knee joint muscles. In the study,
the authors demonstrated that deficits in the H/Q
strength ratio were associated with an increased risk
of rupturing the ACL graft [16].

The aims of the present study were to assess the
usefulness of isometric torque (IT) and the isokinetic
peak torque (PT) of the hamstring to quadriceps ratio
(H/Q ratio) and to assess such parameters as the sym-
metry index, ROM and pain in monitoring the effective-
ness of a 24-week supervised postoperative physiother-
apy regimen (SVPh) in males who have undergone
ACLR and who want to return to their sport.

2. Materials and methods

2.1. Participants

The postoperative physiotherapy and tests were
carried out in accordance with the Declaration of Hel-
sinki at the Center of Rehabilitation and Medical Edu-
cation and the College of Physiotherapy in Wroclaw.
All participants were informed about the aims of the
study and provided their written informed consent
form for participation. A written consent was obtained
from the Senate Research Ethics Committee of the
College of Physiotherapy in Wroclaw.

The criteria for inclusion and exclusion are given
in Fig. 1. From the initial number of 90 patients after

ACLR, after the conditions of exclusion from the study,
20 people who had isolated total ACL rupture were se-
lected. Thus, they did not have significant coexistence
damage, which would require surgical treatment. We
tried to choose the most homogeneous group for greater
reliability of research.

Table 1. Characteristics of the study participants

) Age Body mass | Body height
Testing [years] [ke] [om]
rou
grotp X SD X SD X SD
ACLR group 27.80 | 5.48 | 82.759.00 | 183.60| 7.83
[n=20]
Control group 24.85 | 3.12 | 82.95|9.16 | 181.85| 5.45
[n=20]
P 0.88 0.30 0.76

ACLR - anterior cruciate ligament reconstruction; SD — stan-
dard deviation; n — number of individuals; x — arithmetic mean,
p — significance level.

Based on the exclusion criteria, 20 males who have
undergone ACLR qualified for the study. Participants
were athletes after primary unilateral ACLR using
semitendinosus (ST) or semitendinosus and gracilis
(STGR) muscles tendons, harvested from the operated
leg. Participants’ physical activity levels before injury
were ranked as level 7 in the Tegner Activity Level
Scale (TAS). The patients underwent a supervised
minimum 24 weeks of four-staged postoperative
physiotherapy with a physiotherapist from the Center
of Rehabilitation and Medical Education and were

INITIAL SAMPLE

Males after ACLR presented in the
rehabilitation cemter
between 2005 and 2007 (n=90)

Males excluded from the study accordmg
to these exclusion critena

*history of surgical procedures of the

meniscus (n= 15),

*articulate cartilage (n=4),
*collateral ligaments (n=6),

*secondary ACL reconstruction (n = 1),

Rehabilitatvon procedure starting from
the 15t week afier ACLR

*ACL reconstruction in the secomd knee
Joint (n = 0),

T,

*ACL reconstruction using oiher grafis
than semitendinosus and
semitendinosus/gracillis muscles (n=7),

*other injunies requinng surgery (n={}
* men with: developmental defects (n=0),

* negative resulis of the onthopedic
assessment (n=3),

Mlales selected for the study (n=20)

Healthy male volunteers (n=200)

“I'L".\L'r lllillt "; \u‘\_‘l\.lf. \t\\iilﬂ\ nr

supervised phyvsiotherapy (n=32).

*pain, swelling and limited ROM in the
kneee joint on the day of test performance
(m=2).

Fig. 1. Flowchart of the study
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assigned to the ACLR group (n = 20). The supervised
physiotherapy sessions were held 3 times a week for
2 hours per session. The control group included male
athletes (with a TAS physical activity level of 7)
without knee joint injuries (n = 20). Table 1 presents
the detailed anthropometric characteristics of the two
groups. There were no statistically significant differ-
ences in age, body mass and body height between the
two groups.

2.2. Surgical procedure

Arthroscopy was carried out using standard an-
teromedial (AM) and anterolateral (AL) operative
access. The primary unilateral ACL reconstruction
was performed using ST (n = 3) or STGR (n = 17)
grafts. Graft fixation was performed using standard
stabilizing methods. All patients were operated on by
the same two senior orthopedic surgeons.

2.3. Postoperative
physiotherapeutic procedure

ACLR patients underwent a four-stage supervised
postoperative physiotherapy regimen (lasting a mini-
mum of 24 weeks and a maximum of 32 weeks), that
has been previously described [2], [5]. The patients
also had to perform learned exercises at home. The
main goals of stage I (1-5 weeks postoperatively)
were to eliminate the side effects of the early postop-
erative period, restore ROM in the operated knee
joint, and perform isometric exercises, proprioception
exercises and gait training with partial unloading of
the operated lower limb. Stage 11 (6—-12 weeks post-
operatively) included a continuation of the workout
from stage I, an active workout of the muscles affect-
ing the operated knee joint, resistance exercises for
the large groups of lower limb muscles beyond the
area of the operated knee joint and exercises on a cy-
cle ergometer. The degree of difficulty of the proprio-
ception exercises was increased by using an unstable
surface. Walking without crutches was introduced at
the end of Stage II. During stage III (from 13th to 20th
week postoperatively), patients began monitored iso-
metric training with gradual quadriceps femoris resis-
tance in the operated leg. After reaching 70% strength
in the quadriceps and hamstring muscles of the oper-
ated knee joint and ground reaction force (corre-
sponding to 2.5 times their body mass on a ten-
sometric platform during a one leg jump), jogging and
then running on a treadmill were gradually introduced.

Next, jumping and plyometric exercises were intro-
duced, as well as movement coordination exercises
and operational movement techniques, which were
individually chosen for each patient. After the 16th
week, strength training was initiated under isokinetic
conditions for the extensor and flexor muscles of the
knee joint, within a limited ROM. The goal of stage
IV (21 weeks to 6-8 months postoperatively) was
recovery and compensation of strength, developing
jumping ability, speed and agility, dynamic proprio-
ception and maximizing patient’s physical capacity.
The introduced exercises were specific to the given
sport discipline or occupational activity of each ath-
lete [2], [5].

2.4. Measurement approaches

Six months after ACLR (ACLR group) and the
Control group underwent IT and PT (60°/s and 180°/s)
bilateral measurements of H and Q muscles. Maximal
Isometric Torque (IT) assessments were carried out
during isometric tests of the quadriceps (Q) and ham-
string (H) muscles. In both groups, each workout was
preceded by a 12-minute warm up on a cycle er-
gometer for each leg. Isometric tension was main-
tained for 10 seconds, and there was a 2-minute inter-
val between the first and second repetitions. IT
measurements were started in the quadriceps muscles,
next, the patient changed positions and IT values were
measured in hamstring muscles. The highest IT values
were selected for further analysis. On the same day,
after a 15-minute rest, maximal torque was measured
using an isokinetic test. In the test, the maximal peak
torque (PT) values of quadriceps and hamstring mus-
cles of the knee joint were measured [N-m]. Range of
motion (ROM) values, expressed in [°], were also
measured, according to previously described research
method [4]. Measurements were taken in a seated
position using HUMAC NORM Testing & Rehabili-
tation System (CSMI Computer Sports Medicine, Inc.,
Stoughton, MA, USA). Two angular velocities were
applied during the measurements, specifically 60°/s
(5 repetitions) and 180°/s (8 repetitions) with a 2-minute
interval between the series of measurements [9]. In the
ACLR group, the IT and PT measurements were taken
immediately after the 24th postoperative week. In the
Control group, IT, PT and ROM were measured once,
first for the right and then for left of the knee, while in
the ACLR group, they were first measured in the unin-
volved knee joints and then in the operated knee.

The IT H/Q ratio was calculated by dividing the
IT value obtained from the knee flexor muscles by
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the IT value of the knee extensor muscles: IT H/Q

ratio = RIT hamstring muscles (H) . The PT H/Q

RIT quadriceps muscles (Q)

ratio was calculated by dividing the PT value ob-
tained in knee flexor muscles by the PT value of
the knee extensor muscles: PT H/Q ratio =
RPT hamstring muscles (H)

RPT quadriceps muscles (Q)

The Limb Symmetry Index (LSI) was used to as-
sess the symmetry level of values, such as the RIT and
RPT of the lower limbs and to compare the results
between the two groups. In the ACLR group, the LSI
under isomeric and isokinetic conditions, respectively,
was calculated using the following formulas,

LSI=

RIT quadriceps or hamstring muscles of the operated knee joint

K. KRZEMINSKA, A. CZAMARA

2.5. Statistical analysis

Statistical analyses were conducted using SPSS
Statistical software, vol. 20. The PT and IT values
were normalized to body mass and expressed as rela-
tive PT, RPT (N-mkg' bm) and relative IT, RIT
(N-m-kg ™' bm), respectively. The arithmetic mean (x)
and standard deviations (SD) were calculated for each
variable. The distributions of the studied variables was
analyzed using Shapiro—Wilk normality tests. Statisti-
cal significance of between-subject differences were
assessed using Wilcoxon signed rank tests, while be-
tween-group differences were measured using Mann—
Whitney U-tests for independent samples. For the

LSI=

~ RIT quadriceps or hamstring muscles of the nonoperated knee joint

RPT quadriceps or hamstring muscles of the operated knee joint

100, (1)

*100 .

The same formula was applied in the control group
for the left and right leg. The LSI is a measure of
strength as a function of the operated limb with respect
to the non-operated limb. The LSI values are com-
monly used for strength tests in patients after ACLR to
calculate the inter-limbs difference, with values lower
than 90 commonly being considered as a cut off for
return to sport [27].

Before each test, a 100-millimeter Visual Analogue
Scale (VAS) was used to assess pain intensity prior to
the measurement [1]. Measurement were stopped when
pain occurred during the measurement.

~ RPT quadriceps or hamstring muscles of the nonoperated knee joint

2

comparison of the independent samples, ANOVAs
were used with Tukey’s post-hoc tests. Statistical
significance was set at p < 0.05.

3. Results

Twenty-four weeks post-operation, the RIT (0 °/s)
and RPT values of the ACLR group achieved an angu-
lar velocity of 60 °/s, which was similar to those ob-
tained from the non-operated side for both studied

Table 2. The RIT values from the isometric test (0 °/s) in the ACLR group and the RPT values
from the isokinetic tests (60 °/s and 180 °/s) for the individual tests and the control group

RIT and RPT (N-m-kg™' bm) in the ACLR group RIT and RPT (N-m-kg ' bm) in the control group
Angular Quadriceps muscles of the knee joint Quadriceps muscles of the knee joint
TEST . p p
velocity Operated Non-operated Right Left
Isometric 0°/s 3.72 £0.95 3.86 +£0.97 0.139 3.71+0.87 3.78 £0.93 0.313
Isokineti 60 °/s 2.56 +0.56 2.71 +0.48 0.080 2.63 +0.45 2.46 +0.27 0.026
ineti
SO T80 975 1.81+0.40 2.06+ 031 <0.001 1.89 +0.30 183£027 | 0111
Angular Hamstring muscles of the knee joint Hamstring muscles of the knee joint
TEST . P P
velocity Operated Non-operated Right Left
Isometric 0°/s 1.51+0.38 1.63 +0.33 0.099 1714037 1.61+044 | 0.070
L. 60 °/s 1.55+0.30 1.65+0.25 0.055 1.56 +0.26 1.51+0.33 0.209
Isokinetics
180 °/s 1.16 £ 0.24 1.24 +£0.21 0.023 1.08 £ 0.22 1.07+0.19 0.643

ACLR - group after anterior cruciate ligament reconstruction, Control group — participants with no injuries in the musculoskeletal system x
— arithmetic mean, p — statistical significance level, RIT — relative isometric torque obtained under conditions of isometric toning, expressed in
kg of body mass a (N-m-kg™" bm), RPT — peak torque obtained in isometric conditions, expressed in kg of body mass (N-m-kg™" bm).
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groups of muscles. The differences were statistically
insignificant (Table 2).

Lower RPT values for the Q and H muscles were
maintained at an angular velocity of 180 °/s, com-
pared with the non-operated side. The differences
were statistically significant, however, the LSI values
were above 90% and insignificant from a clinical per-
spective (Table 4). The trend observed in the ACLR
group was similar to that noted in the control group,
where five of the six measurement results did not
show significant differences between the RIT and
RPT values in the studied muscle groups, compared to
the left knee joints (Table 2).

In the ACLR group, differences in the 24-week
postoperative H /Q ratio for RIT (0 °/s) and the H/Q
ratio for RPT (60 °/s) between the operated knee
joints and the non-operated knee joints were not

statistically significant (Table 3). In addition, the
cut-off values of the differences in the H/Q ratio
for RPT (180 °/s), which bordered statistical sig-
nificance, were noted only at an angular velocity of
180 °/s.

There were no statistically significant differences
between groups for the H/Q ratio for RIT (0 °/s) or for
RPT (60 °/s and (180 °/s) between the operated knee
joints in the ACLR group and the right and left knee
joints in the control group (Fig. 2).

After 24 weeks, there were no significant differ-
ences in the LSI for RIT (0 °/s) and RPT (60 °/s)
measurements of quadriceps and hamstring muscles
of the ACLR group compared to the control group. The
only statistically significant differences were observed
in the quadriceps muscles in the isokinetic test at
a velocity of 180 °/s (Table 4).

Table 3. The H/Q ratio values obtained in the ACLR group in the isometric test and in the isokinetic test
for each measurement and in the control group

ACLR group Control group
Angular . . . .
TEST velocity Studied knee H/Q ratio [%] p Studied knee H/Q ratio [%] P
Operated Non-operated Right Left
Isometric 0°/s 0.42 +£0.12 0.45+0.13 0.339 |0.48+0.13| 0.45+0.16 0.057
Isokinetics 60 °/s 0.62+0.11 0.62 +0.10 0.852 |0.58+0.10| 0.59+0.08 0.511
! 180 °/s 0.65+0.11 0.60 + 0.09 0.042 |0.60+0.08| 0.62+0.09 0.276

ACLR - group after anterior cruciate ligament reconstruction, Control group — participants with no injuries in the
musculoskeletal system x — arithmetic mean, p — statistical significance level, H/Q ratio — reciprocal relations between
the biomechanical parameters of the hamstring to quadriceps [%].

"0y
(%] goo p = 0,365 p=0923 p = 0,058
70%
60%
50%
40%
30%
20%
10%
0%
0 /s 60 °/s 180 °fs

angular velocity

B ACLR Group: operaterd knee joint m Control Group: left knee joint Control Group: right knee joint

p: statistical significance level

Fig. 2. Comparison of the H/Q ratio obtained in the operated knee joint (I) in the ACLR group
during the isometric test and in the isokinetic test for the left (II) and right (IIT) knee joint measurements in the control group
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group (Table 5).

K. KRZEMINSKA, A. CZAMARA

No pain was reported on the VAS scale in either

The measurement of flexion and extension (ROM) in
the knee joints during the isokinetic tests showed no
statistically significant differences between the studied

Table 4. Differences in the LSI for RIT and RPT during the isometric and isokinetic tests,
between the ACLR and control groups 24-weeks postoperation.

knee joints in either groups. There was a statistically
significant difference in knee joint flexion between the
operated and the non-operated knee joints of the ACLR
group (4.5°, difference less than 4%), but the differences
were insignificant from clinical point of view (Table 6).

Limb Symmetry Index (LSI) expressed in % for RIT and RPT

Angular Quadriceps muscles Hamstring muscles
Test . )4 P
velocity ACLR group | Control group ACLR group | Control group
Isometric 0°/s 96.89+12.11 | 101.85+8.20 | 0.079 | 93.83£20.12 | 94.19+12.71 0.970
Isokineti 60 °/s 9492+ 13.73 | 93.95+11.25 | 0478 | 93.90+13.29 | 96.58+10.74 | 0.510
meti
SORINCUES 77180 °%s | 87.50+11.29 | 97.10+-8.32 | 0.030 | 93.85+11.24 | 99.89+ 12.71 | 0.133

ACLR group — group after anterior cruciate ligament reconstruction; Control group — participants with no injuries
in the musculoskeletal system, = — standard deviation, x — arithmetic mean, p — statistical significance level, LSI — Limb
Symmetry Index for RIT and RPT.

Table 5. Pain measured using the VAS scale in the ACLR group
during the isometric and isokinetic tests and in the control group

100-millimeter Visual Analog Scale (VAS)

ACLR group Control group
Test Angu?ar Studied knee p Studied knee p
velocity
Operated Non-operated Right Left
Isometric 0°/s 0.00 0.00 n/a 0.00 0.00 n/a
Isokinetics 60 °/s 0.00 0.00 n/a 0.00 0.00 n/a
180 °/s 0.00 0.00 n/a 0.00 0.00 n/a

ACLR - group after anterior cruciate ligament reconstruction, Control group — participants with no injuries in the
musculoskeletal system, x — arithmetic mean, p — statistical significance level, VAS — Visual Analogue Scale — pain
assessment scale.

Table 6. Range of motion (ROM) of knee flexion and extension in the isokinetic
velocities of 180 °/s and 60 °/s in the ACLR and control groups

ROM 180 °/S
) Knee joint extension Knee joint flexion
Testing group p p
Operated Uninvolved Operated Uninvolved
ACLR group 1.45+3.10 2.10+1.62 0.545 109.45 +6.77 112.75+7.31 0.073
Right Left )4 Right Left P
Control
OMTOTEIOUP TR 104 | 2.05+1.67 | 0.184 | 106.60+823 | 108.80+9.13 | 0254
ROM 60 °/S
) Knee joint extension Knee joint flexion
Testing group ; p . p
Operated Uninvolved Operated Uninvolved
ACLR group 2.65+4.17 2.75+3.16 0.873 108.70 = 7.81 113.15+£7.13 0.012
Control Right Left p Right Left p
ontrol grou
BN 400504 | 560+604 | 0218 | 10575+1007 | 107.90%1057 | 0203

ACLR group — group after anterior cruciate ligament reconstruction, Control group — participants with no inju-
ries in the musculoskeletal system, + — standard deviation, x — arithmetic mean; p — statistical significance level,
ROM - Range of motion [°] of the knee during isokinetic tests.
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4. Discussion

The present study suggests that the operated knee
joints of the ACLR group achieved values similar to
those obtained from the non-operated knee joints and
those of the Control Group after 24-weeks postopera-
tively for most of the measured biomechanical pa-
rameters (RIT, RPT, H/Q ratio, LSI and ROM). The
H/Q ratios in the isometric and isokinetic tests were
similar to those obtained in the non-operated knees
and in the control group. The results show that the
H/Q ratio is a useful diagnostic parameter for moni-
toring the effectiveness of regular, 6-month super-
vised physiotherapy in patients after ACLR, espe-
cially when combined with analysis of real RIT, RPT
and ROM values. The results also suggest that this
method is also characterized by a lack of pain in the
operated knee joints.

There are numerous publications confirming the
diagnostic value of the H/Q torque ratio [6], [19]. In
a meta-analysis by Kim et al. [15], the authors
hypothesized that despite a decrease in the quadri-
ceps and ischiocrural muscle group strength due to an
ACL tear, the H/Q ratio is be relatively unchanged
compared to the corresponding value from the non-
operated leg due to the decrease in strength in both
muscle groups. In a retrospective study carried out in
53 patients after ACLR, Haillotte et al. [12] showed
that though differences in quadriceps strength of ap-
proximately 15% persisted compared to the non-
operated leg at 24-weeks post operation, the values
of the H/Q ratio were normal and similar to the nor-
mal physiological state. Some authors have reported
that the H/Q ratio is not a good diagnostic parameter
in the assessment of physiotherapy progress or sport
training [23]. Lee et al. [17] conducted isokinetic tests
in 25 patients after ACLR and 25 patients with no
injuries to the musculoskeletal system. The ACLR
patients had significantly lower absolute torque values
in the hamstring and quadriceps muscles of the knee
joint and H/Q ratio values close to the corresponding
values in the control group. Thus, the conclusion was
that the H/Q ratio is not a good diagnostic parameter.
Moreover, the cited paper did not present any infor-
mation on the physical therapy process or the adher-
ence of ACLR patients to the physiotherapy sessions.
Likewise, Grygorowicz et al. [11] assessed the sensi-
tivity and justifiability of the conducted tests based on
340 reports on isokinetic studies in professional soc-
cer players. The authors concluded that the H/Q ratio
is of no diagnostic value. However, due to the uni-
formity of the study sample (only professional soccer

players), it is difficult to assess the usefulness of this
ratio in monitoring physiotherapy procedures after
ACLR. Oliveira et al. [21] used the H/Q ratio to assess
the effect of Human Immunodeficiency Virus on knee
joint flexor and extensor strength. This was found to
be useful in the assessment of muscle strength asym-
metry between the lower limbs in patients subjected to
isokinetic tests.

Why is it so important to restore the correct H/Q
ratio for the strength of the knee joint flexor-to-
extensor muscles after ACLR? In the present study, the
ACLR group received grafts to reconstruct the ligament
with tendon flexor muscles in the surgical knee, re-
sulting in a reduction in the strength of these muscle
groups. In addition, quadriceps strength in the oper-
ated knee was reduced by the injuries and the surgery.
During the first two stages of postoperative physiother-
apy, it was, therefore, necessary to limit the active ex-
ercises performed with resistance in the quadriceps
muscle in the open kinematic chain of the operated
knee joint in order to avoid excessive shear force on
the reconstructed anterior cruciate ligament [5]. In
the last stage of postoperative physiotherapy, is im-
portant to restore muscle strength in the operated
knee joints and a proper muscular balance. Specifi-
cally, it is critical to restore the so-called biome-
chanical flexor-to-extensor ratio of the peak torque
values in the involved knee joints [5]. Restoring
biomechanical parameters and neuromuscular coor-
dination between the extensor and flexor muscle
ratio of the isometric and peak torque values in the
operated knee joint can decrease the shear force af-
fecting the anterior cruciate ligament (ACL). This is
particularly true within the last twenty or so degrees
of extension in the open kinematic chain. This means
that strong muscle flexors and a correct H/Q ratio
similar to that in the non-operated side or to those
from control subjects protect the ACLR graft from
damage. According to Kyritsis et al. [16], deficits in
the hamstring-to-quadriceps strength ratio are asso-
ciated with an increased risk of an anterior cruciate
graft rupture. Lee et al. [18] demonstrated that defi-
cits in the hamstring to quadriceps ratio and ham-
string strength increase the risk for hamstring strain
injury during soccer [18].

This study had some limitations. Measurements
were only performed in patients who had received
ACLR and who participated in a regular, systematic
supervised physiotherapy program for 6 months (3 times
a week), led by a specialized physical therapist. The
patients also had to perform learned exercises at home.
The results were not compared to values obtained for
patients who participated in fewer or less-regular su-
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pervised physiotherapy sessions. Making such com-
parisons may allow for more critical evaluation of the
effect of some vital factors, including the influence of
the number of physiotherapy sessions attended or the
frequency and regularity of supervised physiotherapy
sessions attended on H/Q ratio values. It would also
enable more comprehensive assessment of the useful-
ness of the H/Q ratio for monitoring the progress of
physiotherapy [3]. Another limitation concerns the
measurements that were performed only in one plane
of motion and the analysis of only the relative torque
values for the studied groups of muscles and the H/Q
ratio [3]. The analyzed parameters should also be as-
sessed regarding power values, mean work, mean power
and the time of PT development. This is important
since work values have an impact on the torque values
in each repetition, the total number of movement
repetitions in the isokinetic test, and the full range of
motion (the path of covered movement). Moreover,
future studies should introduce biomechanical meas-
urements in the transverse plane for the tibia rotating
muscles and a proper biomechanical index for these
muscles should be determined [3]. Assessment of the
usefulness of the H/Q ratio should be extended by
adding: multijoint and multiplane measurements, joint
mobility measurements, the patient’s subjective assess-
ment, other functional locomotion and all-body fitness
tests, and neuromuscular coordination measurements
such as those taken while running or jumping com-
bined with a clinical assessment of the patient [24].
The strength of the study was that it used a precise
physiotherapy regimen for assessment in the ACLR
group [2]. All the patients being assessed underwent
six months of physiotherapy according to a uniform
protocol at one rehabilitation center. They were moni-
tored in the same conditions and with the same time
intervals after the surgery. The measurements were
performed both under conditions of maximal isomet-
ric tension and under isokinetic testing. Dynamic con-
ditions are an important aspect of this study and simi-
lar approaches have rarely been mentioned in the
literature [4].

5. Conclusions

The H/Q ratio combined with RIT, RPT, LSI,
ROM is useful in monitoring the effectiveness of
a supervised physiotherapy regimen performed regu-
larly for 6 months by patients after ACLR who want
to return to the sport. Most of those biomechanical
parameters for the flexor and extensor muscles of

operated knee joints were similar to those observed in
the non-operated knee joints and the control group.
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