nr 4/2017 (17)

www.fizjoterapiapolska.pl

83

nr 4/2017 (17)

Testy i ćwiczenia izokinetyczne w praktyce
fizjoterapeutycznej
Isokinetic testing and exercises in physiotherapeutic practice
Andrzej Czamara1(A,B,D,E,F,G), Katarzyna Krzemińska1(E,F),Aleksandra Królikowska1(E,F),
Łukasz Szuba1(E,F), Marek Kiljański2,3,4(F)
1Wyższa

Szkoła Fizjoterapii z siedzibą we Wrocławiu, Wrocław, Polska / The College of Physiotherapy, Wrocław, Poland
Szkoła Informatyki i Umiejętności w Łodzi, Polska/University of Computer Science and Skills, Lodz, Poland
3Wydział Lekarski i Nauk o Zdrowiu, Instytut Fizjoterapii, Uniwersytet Jana Kochanowskiego w Kielcach , Polska/
Faculty of Medicine and Health Sciences, Institute of Physiotherapy, Jan Kochanowski University in Kielce, Poland
4Pabianickie Centrum Rehabilitacji, PCM Sp. z o.o., Pabianice, Polska/Rehabilitation Center in Pabianice, PCM Sp. z o.o., Pabianice, Poland
2Wyższa

Streszczenie
Celem pracy było przedstawienie stanowiska na temat zastosowania pomiaró w, testó w i ćwiczeń wykonywanych w warunkach
izokinetycznych w izjoterapii w oparciu o przegląd literatury i własne doświadczenia. Omó wiono podstawowe zagadnienia
izjologii mięś ni, rodzajó w skurczó w i pracy mięś niowej oraz zmian napięcia mięś ni. Przedstawiono zasady przeprowadzania
pomiaró w wartoś ci momentó w sił mięś ni i oceny innych parametró w biomechanicznych wykonywanych w warunkach
maksymalnego napięcia izometrycznego i w warunkach dynamicznych – izokinetycznych. Dokonano charakterystyki ćwiczeń
przeprowadzanych w warunkach izokinetycznych oraz przeprowadzanych w warunkach izometrii (statycznych) w ró żnych
obszarach izjoterapii klinicznej. Zwró cono takż e uwagę na wskazania i przeciwwskazania w zakresie stosowanie tego rodzaju
testó w i ćwiczeń w praktyce izjoterapeutycznej w powiązaniu z innymi dziedzinami medycznymi.
Słowa kluczowe:
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Abstract
The aim of the paper was to present the attitude to measurements and exercises performed under isokinetic conditions during
physiotherapeutic procedures, based on the literature review and the authors’ experience. The authors discuss basic issues of
the physiology of muscles, types of muscle contractions and activity, and changes in muscle tension. They presents the
principles of torque value measurement and the assessment of other biomechanical parameters, carried out under conditions
of maximal isometric tension tone as well as under dynamic‑isokinetic conditions. The exercises performed under isokinetic
conditions and isometric (static) conditions are described in various aspects of clinical physiotherapy. Attention is focused on
the indications and contraindications to using such kind of tests and exercises in physiotherapy, as related to other branches of
medicine.
Key words:
kinesitherapy, isometry, dynamics, rehabilitation
Introduction
Skeletal muscles are excitable, contractile and their tension
changes. They generate force or torque. Muscles can also
inhibit,to some extent determined by physiology, excessive
external forces exerted on the human body. In isolate musc‐
les, or more often, in groups of muscles, can change their
tension (isometry) or length (isotony).
Muscle e tensioning, smoothly transformed into a dynamic
contraction, generates movement or locomotion. We owe
this to auxotonic contractions [1].
Auxotonic muscle contractions are present in most of our
everyday activities. This type of contraction assures, on one
hand, maintaining the vertical body position, enabling at
the same time movement performance. If the torque value
during a dynamic contraction is higher than the external
values (resistance, gravity), the direction of lever
movement in the joint is in accordance with the direction of
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muscle contraction and concentric contraction is genera‐
ted. During eccentric contraction, in turn, the value of
external forces is higher than muscle torque value and the
direction of lever movement in the joint is in accordance
with the direction of external force, opposite to muscle
contraction [1, 2].
In our everyday life, our muscles perform multiple alterna‐
ting concentriceccentric and eccentricconcentric contrac‐
tions during such activities as walking, going up and down
stairs, or during household and occupational activities,
thanks to the multilevel regulation of neuromuscular con‐
trol within the nervous system.
In the process of physiotherapy – rehabilitation, after im‐
mobilization and the required unburdening of a limb ,, e.g.
the lower limb, there are cases of muscular atrophy, resul‐
ting in the decrease in muscular strength level and distur‐
bance of agonist to antagonist muscle ratio. Such cases are
frequently accompanied by neuromuscular coordination di‐
sorders. It is possible to restore adequate levels of muscular
strength in patients with simple atrophies thanks to the in‐
troduction and adaptation of special exercises and kinesi‐
therapy approaches, which are applied individually,
according to the patient’s clinical picture. Restoring the
optimum level of muscular strength is possible through sti‐
mulation of twostage physiological processes. Through
adequately selected exercises applied during the first stage,
it is possible to increase the number of simultaneously acti‐
vated motor units [2, 3]. This means that the mechanisms
of proprioceptive neuromuscular facilitation (PNF) assure
a better synchrony of neuromuscular coordinatiom, muscle
tension, and next, muscle contraction, increasing this way
muscular strength. This is, however, a functional process,
not a structural one. At this stage, muscle mass does not in‐
crease. The systemetically continued exercises during
a long period of time with a defined progression, combined
with a proper dietary regimen and rest intervals, can trigger
another adaptive mechanism, involving an increase in mu‐
scle mass (hypertrophy), an increase of muscle transverse
crosssection and other possible compensatory mechanisms
[4, 5].
The above mentioned structural adaptation of muscles is si‐
gnificantly more durable. Muscle strength is not only im‐
proved but it is also maintained for a long time [2, 6, 7].
Mickle et al. (2016) have proved that changes in morpholo‐
gy including muscular strength are agerelated [ 5]. Korne‐
gay et al. (2016) point out that genetic factors that are
physiological regulators of muscle growth, play an impor‐
tant role in muscle mass shaping, making people more or
less predisposed to its increase or decrease [8].
Under isokinetic (dynamic) conditions, measurements
are taken at a constant movement velocity during exercises
belonging to the group of active resistance workout [9].
Special measuring systems are used for measurements and
exercises performed under isokinetic conditions [9,10, 11].
The tests involving follow up measurements and exercises
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can be carried out in closed or open kinematic chains
[9,12]. Moreover, the movements performed during this
type of workout are similar to natural people’s movements
in one or several joints.
The measurements taken under isokinetic conditions du‐
ring concentric muscle contractions are performed with
a maximal patients’ involvement and provide information
about the peak torque (PT) value obtained for the specific
preset angular velocity of movement per second (°/s).
However, the PT values obtained under isokinetic condi‐
tions, as compared with these obtained during the maxi‐
mal isometric tension are submaximal values. According
to Hill’s curve, there is a relationship between angular
velocity and peak torque: with the increase in angular ve‐
locity PT values decrease and the other way round, the
decrease in the values of the preset angular velocity per
second is directly proportional to the increase in the ge‐
nerated PTvalues [9, 12, 13]. Biomechanical (functional)
measurements and analysis of the results, carried out un‐
der isokinetic conditions, allow obtaining objective data
on PT values, generated by the studied group of muscles,
namely PT expressed in newton meters (N*m), Average
Peak Torque (Avg PT) expressed in N*m or the values
corresponding to the active range of motion (ROM) in
the studied joint, performed alternately by the group of
agonist and antagonist muscles and expressed in degrees
(°). The adequate computer program enables us to obtain
data on the total work (TW) or average work (Avg W),
performed by muscles and expressed in joules (J) or on
the maximum power (P) and average power (Avg P), ge‐
nerated by the muscles and expressed in watts (W). The
next parameter which is important for data interpretation
is the relative torque (RT) value, obtained by dividing PT
by the subject’s body mass value, expressed in kg. RT
values are expressed in N*m/ kg BM. The values of rela‐
tive power (RP), expressed in W/kg BM and relative
work (RW), expressed in jouls per kilogram of body
mass (J/kg BM) are also subject to analysis [9,12]. The
relative values of the above mentioned parameters are
useful for comparative assessment involving the compa‐
rison of the groups of study participants as they allow to
exclude the effect of possible betweengroup differences
in body mass values on the obtained result. Such parame‐
ters as the angle at peak torque, the preset angular veloci‐
ty of movement, expressed in angular velocity per second
(°/s) or radians (rad) are also analyzed. The analysis of
the obtained values also enables the interpretation of the
ratio of reciprocal relations and proportions of the obta‐
ined biomechanical parameter values between the studied
groups of muscles, e,g, the agonist to antagonist PT ratio
and many other measured or calculated paameters [9, 12
14]. As for the assessment of physiotherapy progress in
patients who sustained injuries of the upper or lower
limbs, the above mentioned values of the parameters ob‐
tained for the involved side are compared with the results
obtained for the uninvolved side and the control group
results.
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Measurements taken under conditions of maximum iso‐
metric tension (static conditions) allow determining iso‐
metric torque (IT) values for the studied group of muscles,
expressed in N*m, for the defined value of joint angle (°)
or the maximal force (MF), measured in newtons (N). Each
of the groups of muscles generates PT or force under static
conditions, for a defined angle of measuring lever in the jo‐
int. It means that there is a relationship between IT value
and the defined angle value in each group of muscles. Du‐
ring the analysis and interpretation of physiotherapy pro‐
gress, also relative torque (RT) values obtained under static
conditions are considered; these values are obtained by di‐
viding IT values by the participant’s body mass (kg),
expressed in N*m/kg/BM.
When interpreting the obtained measurement results, the ti‐
me of obtaining and maintaining IT, measured in seconds
(s) should be considered. The time of IT value decrease,
which is usually due to fatique of the studied group of mu‐
scles, is also important [15, 16, 17]. Biomechanical tests,
carried out under static (isometric) conditions as well as
exercise performance by patients under such conditions, in
the process of widely understood medical rehabilitation are
worthwhile only when their performance is justified from
the clinical point of view. Moreover, it is of note that inter‐
pretation of the results obtained from biomechanical tests is
part of clinical assessment (history taking and medical exa‐
mination) and an important element of complex objective
functional assessment of the patient.
Principles of measurement performance under static
and isokinetic conditions
There are principles and various methodological approaches
of test and training performance under static and dynamic
conditions, both in healthy individuals and patients, in the
process of physiotherapy – rehabilitation [912, 1520].
In the case of persons undergoing physiotherapeutic proce‐
dures, it is necessary to obtain consent for the study from
the physician and the potential participants. It is also neces‐
sary to explain the patient who is going to participate in
such a procedure and the purpose of the procedure, discuss
the approaches to be applied during the procedure and in‐
form the patient that he/she has to withdraw from the test
or training when pain or the first symptoms of fatigue are
present. Such facts should be included in the docummenta‐
tion. Next, calibration of the atested and operational me‐
asurementrehabilitation system is required. The patient
should do warm up exercises, suitable for his/her clinical
picture. Next, the test measurement should be taken witho‐
ut engaging the entire developed force. After that, the ma‐
in measurement is carried out. It is necessary to maintain
the same patient’s posture and the constant length of the
measuring lever arm. The center of the examined joint sho‐
uld be aligned with dynamometer axis. The patient should
be stabilized. On the ”start” command the patient starts the
measurement and interrupts it on the “stop” command. The
patient can also interrupt the measurement in cases of di‐
scomfort, pain or fatigue. In maximum isometric tension
test, the joint angle value is set on the measuring system for
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measuring IT of a given muscle group. Most often, 2 to 3 me‐
asurements are taken alternately for each muscle group and se‐
parately for each examined limb. The result with the highest IT
value or the mean value obtained from the measurements are
selected for the analysis, The constant angular velocity of the
movement per second (°/s) is determined for the isokinetic test
as well as the number of repetitions in a series and the length of
interval between the series. In the isokinetic test we can obtain
peak torque (PT) value, measured in N*m for a specifically pre‐
set angular velocity of movement. A PT value is not only affec‐
ted by the patient’s clinical condition, but also by the value of
the preset angular movement velocity per second, according to
the rule that a decrease in angular velocity per second comes
with a proportional increase in PT values. Initially, in the pro‐
cess of rehabilitation, the range of motion in isokinetic tests is
adapted to biomechanical and biological determinants of each
clinical picture. Besides, the mechanism of the so called „soft
final inhibition of the range of motion” is applied. This serves
reduction of shearing forces, causing excessive shifts of the jo‐
int levers during the test. Also special knee braces, restricting
this shift are applied [912].
The application of isokinetic tests
Functional studies using isokinetic tests and different forms
of isokinetic training, are applied in athlete populations [21,
22]. Hadzic et al. (2010) measured PT in extensor and fle‐
xor muscles of the knee joint in volleyball players. The aim
of the study was to create the reference group for professio‐
nal volleyball players [23]. Bamac et al. (2008) studied and
compared PT in knee joint extensor and flexor muscles of
the dominant limbs in volleyball and basketball players in.
The authors found that the specificity of a given sport disci‐
pline can influence the extensor to flexor PT ratio [24].
Isokinetic measurements as a part of treatment’s monitoring
allow determining the deficit level in the measured biome‐
chanical muscle parameter values in the involved limb du‐
ring physiotherapeutic procedures carried out in patients, as
comapared with the control group. The obtained values can
also be compared with the normative, reference values [13,
25]. The measurements and training carried out in isokinetic
conditions are most often applied in the assessment of cur‐
rent effects of physiotherapyrehabilitation as well as in late
assessment of musculoskeletal injuries and conditions [13,
2628].
For example, Collado et al. (2010) in their isokinetic tests
obtained higher PT values in foot evertor muscles in patients
undergoing rehabilitation with an extended eccentric tra‐
ining, as compared with the patients who underwent only
concentric training [29]. Hadzic et al. (2009) in their study
showed that too high PT values, generated under isokinetic
conditions by plantar flexor muscles and their disturbed bio‐
mechanical proportions in relation to foot dorsiflexors, in ca‐
ses of limited foot dorsiflexion can increase the risk of
secondary injuries of the talocrural joints [30]. Hartog et al.
(2010) applied isokinetic tests for the assessment of the acti‐
vity of biomechanical parameters of trunk muscles after sur‐

10

www.fizjoterapiapolska.pl

nr 4/2017 (17)

gical procedures [31]. Möller et al. (2002) compared the re‐
sults of isokinetic tests, obtained for two angular velocities
under concentric and eccentric conditions from foot plantar
flexor and dorsiflexor muscles in patients with damaged
Achilles tendons, undergoing conservative and surgical tre‐
atment. The results obtained after 6, 12 and 24 months did
not show any significant differences in PT values between
the studied groups. However, two years following the surgi‐
cal procedures, the authors atill noted maintaining PT defi‐
cits in foot dorsiflexor muscles, even up to about 27%, based
on the comparison of the values obtained from the involved
and uninvolved lower limbs [32].
The study carried out in patients who underwent surgical proce‐
dures using arthroscopy of the glenohumeral joint to obtain rota‐
tion of the arm under isokinetic conditions, revealed lower torque
values (deficits) in the muscles at the involved side as compared
with the uninvolved joints [33, 34]. Hughes et al. (2011), three
months following arthroscopic surgery of the damaged glenohu‐
meral joint structures, obtained lower torque values in arm rota‐
tor muscles as compared with the values obtained prior to the
surgery. The authors emphasize the role of systematic physiothe‐
rapeutic procedures. They also report that six months of regular
specialist exercises resulted in the improvement of torque and po‐
wer in the studied group of muscles, so that the values obtained
after that are more similar to the baseline values, obtained prior to
the surgery [35]. Szuba et al. (2016) [36] also present the pro‐
blems connected with shortened physiotherapeutic procedures.
Isokinetic measurements have been applied in the assessment
of minimally invasive knee joint arthroplasty [37]. Fabiś
( (2007) in his study showed that the applied isokinetic tra‐
ining including five 20minute long sessions five times a we‐
ek, between the twelfth and twenty fourth week of
physiotherapy following anterior cruciate ligament recon‐
struction (ACLR) resulted in the increase in PT values in
extensor and flexor muscles of the knee joint by more than 20 %
% [38]. Isokinetic tests were applied in patients with neural
conditions including Parkinson’s disease or peripheral neuro‐
pathy [3941].
One should exercise caution while applying isokinetic exer‐
cises in elderly patients, especially these with diagnosed cir‐
culatory and respiratory conditions, due to potentially
increased stress, affecting heart function, arterial blood pres‐
sure and increasing the risk of cerebral and cardiac hypoxia.
Valsalva phenomenon involves physiological response to
a preset excessive strength exercise; the consequences of this
phenomenon include impairment of the circulatory and re‐
spiratory system functions. This is connected with the incre‐
ase in the values of the small circle of blood circulation,
limiting the normal function of central blood circulation. The
consequences of the possible response include dangerous hy‐
poxia symptoms in patients with circulatory insufficiency.
For this reason, absolute and relative contraindications for
this type of exercises are accepted [2]. Indications for
strength exercises are clinically restricted in patiens with in‐
ternal conditions and their participation in rehabilitation pro‐
cedures and biomechanical studies requires consent from
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specialist physicians due to diabetic, cardiac or vascular
conditions, which is emphasized in the papers by Stevens et
al. (2014), Brünjes at al. (2016) and Stevens at al. (2015)
[42 44].
IIellamo et al.(1997) compared the response of heart rate
(HR) and arterial blood pressure (ABP) to the three preset
exercises, such as isokinetic, isometric and isotonic exer‐
cises including 30 repetitions for each type of exercise.
40% RM load was applied in young participants. The pe‐
ak systolic and diastolic pressure during the isokinetic
test reached high values at the level of about 191 mm Hg
and 121.6 mm Hg respectively. During the isotonic tests
the corresponding values (systolic and diastolic pressure)
were 198 and about 128 mm Hg respectively. During iso‐
metric exercises the lowest values of these parameters
were obtained, amounting to 168 i 102 mm Hg respecti‐
vely, however, the values of diastolic pressure were high.
Moreover, both under isotonic and isokinetic conditions,
the exercises resulted in a dynamic, significantly higher
incremental increase in HR values, compared with these
obtained during isomteric exercises. The authors noted
that despite the applied maximum load, dynamic exerci‐
ses result in an increased functional stress of the cardio‐
vascular system, which can be dangerous, especially for
patients with cardiac conditions [45]. Overend et al.
(2000) assessed the effect of submaximal (50% RM) con‐
centric exercises, done under isokinetic conditions, on
changes in hemodynamic parameters of circulation (HR,
ABP) in elderly and young participants.Concentric exer‐
cises resulted in a significantly higher stress in the circu‐
latory system in both studied groups, compared with the
effect of eccentric exercises. The authors pointed out that
the obtained results can influence the planning of rehabi‐
litation programs [46]. Other authors also analyzed the
course of hemodynamic responses from the circulatory
system during isokinetic tests [47, 48].
Corvalho et al. ( (2010) assessed two different programs of
exercises between the twelfth and twenty fourth week in
a sample of elderly people, doing standard exercises adapted
for their age, compared with the group of elderly people
who also participated in an extended exercising program,
combined with resistance training. The tests carried out un‐
der isokinetic conditions showed a favorable, statistically
significant increase in PT values (increase by over 20%) in
the studied groups of muscles in elderly participants [49]. In
order to reduce the effect of isokinetic exercises, contribu‐
ting to an excessive increase of hemodynamic cardiac re‐
sponse in middleaged males, Czamara et al. (2011)
modified isokinetic test protocol. They applied fewer exer‐
cises for each of the three preset angular velocities in the
isokinetic test and prolonged the rest intervals between each
series of exercises [50]. Panza et al. (2015) and Loenneke et
al. (2015) applied isokinetic and isometric tests in their as‐
sessment of the effect of medicines, e.g. statins, on biome‐
chanical parameters of muscles in patients treated for
internal diseases [51, 52].
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Tanaka et al. (2017) and Lustosa et al. (2017) studied the ac‐
tivity of muscle biomechanical parameters after sarcoma re‐
section and the effect of other oncological conditions on
muscular strength [5354].
Application of tests under static (isometric) conditions
The significant role of the authors of Polish publications
should be emphasized as they highlighted the problem of IT
measurements in subjects with no injuries of the musculo‐
skeletal system and other issues of widely understood phy‐
siotherapy
and
rehabilitation
procedures.
Such
measurements, carried out in peole with no musculoskeletal
injuries, involved in averagelevel physical activity and in
athletes, allow obtaining normative reference values concer‐
ning the topography and characteristics of PT, strength of
muscle groups and their reciprocal relations. Such measure‐
ments were carried out by Professor Dworak, representing
the “Poznan Schooll” [55]. Here, we should emphasize the
role of such an authority as Professor Kabsch in the develop‐
ment of biomechanics. Professor Bober et al. (1999, 2000),
representing the “Wroclaw School of Biomechanics” measu‐
red IT values in angle change function for extensor and fle‐
xor muscles of the studied hip, knee, glenohumeral and ulnar
joints (in the sagittal plane) in a sample of people with no
musculoskeletal injuries. The above cited authors measured
torque values every 10 degrees in the compartment of 8 to 13
ranges of angular values, depending on the studied joint. To‐
rque values in joint angle function, obtained for all the stu‐
died groups of flexor muscles, formed a parabola with the
shape and direction opposite to the IT parabola obtained for
extensor muscles. Moreover, the authors found that the hi‐
ghest torque values are generated both for flexor and exten‐
sor muscles of the ulnar joint in the angle of 6075 degrees
of forearm flexion and that IT values are characterized by
a relative balance between the studied groups of muscles.
The authors also showed that hip joint and knee joint exten‐
sor muscles reach twice as big values at 70° flexion angle,
compared with flexor muscles which reached their highest IT
values at 20° flexion angle in the studied joint [56, 57]. Trza‐
skoma (2003) studied IT values in various groups of muscles
in subjects with no musculoskeletal injuries, especially
among athletes [58]. Here, the substantial insight of the War‐
saw Center in the study of “Torque topography under static
conditions ” should be emphasized ” (Wit, Trzaskoma, Wy‐
chowański, Urbanik ,, Mastalerz and others). In the Warsaw
Center, the biomechanical relations between individual gro‐
ups of muscles were assessed and muscular strength was
analyzed in relation to other motor traits, both in athletes and
for the needs of rehabilitation [16, 59 62].
Czamara et al. (2005) measured torque in internal and exter‐
nal rotator muscles of the arm, depending on different values
of arm abduction in 100 subjects with no injuries of the gle‐
nohumeral joint. 3200 measurements were taken to obtain
normative data, which are reference values for patients un‐
dergoing physiotherapeutic procedures after glenohumeral
joint injuries. The authors showed that the strength of inter‐
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nal and external rotators of the arm, both in males and fema‐
les, depends of arm abduction angle. In the compartment of
angular values ranging from 0° do 70 °, the strength of inter‐
nal rotators of the arm is significantly higher than the
strength of external rotators of the arm. At the angle of 90°
of abduction, in turn, a relative balance between these two
groups of muscles is noted, mainly thanks to the physiologi‐
cal decrease in the strength of internal arm rotators [63]. Du‐
ławski et al. (2008) studied the IT values of the upper limb
abductor and adductor muscles. They showed that the musc‐
les abducting the arm in the glenohumeral joint reach PT va‐
lues for 0o angle of arm abduction and with the increase of
this angl to 120°, a significant decrease in IT values is obse‐
rved, even by 30 %. Conversely, the curve of IT values in‐
creases from 0° to about 40° of abduction, where it reaches
the highest value, next this value is maintained at about 60o
of abduction and falls abruptly with further increase in arm
abduction [64]. IT measurements were used under static con‐
ditions as the important determinants of complex treatment
monitoring in patients, including the assessment of physio‐
tharapy – rehabilitation [ 9, 12, 17,1920, 65, 66].
Conclusions
The analysis of the studies on the assessment of muscle func‐
tion using a dynamometer, presented during the last decade and
conducted in patients undergoing treatment after musculoskele‐
tal injuries, concerns most often the values obtained from the
tests carried out under isokinetic conditions [21, 25, 29, 3132,
34, 37, 40, 6769]. Thanks to isokinetic studies, we obtain valu‐
able information on all possible dynamic characteristics of the
studied group of muscles and neuromuscular coordination of
the musculoskeletal system. However, the values obtained in
these studies have some limitations concerning the interpreta‐
tion of the equally important characteristics of torque generated
under static conditions.
In the specialist reference sources there are few papers assessing
and analyzing the changes in both IT and PT values in muscles
under static (isometric) conditions as well as during isokinetic
measurements which are part of specialist physiotherapeutic
procedures, or during late assessment of this process.
Czamara et al. (2011) carried out a study aimed at the asses‐
sment of IT and PT value characteristics in the current physio‐
therapeutic procedure. They showed that a staged specialist
physiotherapy program, applied minimum six month follo‐
wing surgery, can result in almost twice as high incremental
increase of IT values generated by extensor muscles of the in‐
volved knee under isometric conditions and about 40 %% in‐
crease of IT values in knee joint flexor muscles. Moreover, the
obtained values can be more similar to those obtained for the
uninvolved knee joints. The authors also showed a significant
increase in PT values under isokinetic conditions, between the
seventeenth and twenty fourth week following knee surgery
in the same group of patients. However, at the end of the sixth
month, the isokinetic tests showed deficits of PT values in
extensor muscles of the involved knees (at the level of 9%) for
angular velocity of 600/s and were more critical in the asses‐
sment of physiotherapy progress [13].
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Another study by Czamara et al. (2011) revealed a signifi‐
cant increase in PT values in the muscles responsible for ti‐
bial rotation under isokinetic coditions as well as the
increase in IT values under static conditions in patients who
participated in a systematic six months physiotherapeutic
procedure, compared with the sixteenth and thirteenth week
following the surgery. The program enabled the patients to
obtain PT and IT values of the studied muscles responsible
for tibial rotation at the involved knee side, similar to those
obtained for the uninvolved knees and the results obtained
from the group of males who did not sustain any knee inju‐
ries. The authors showed that they obtained significantly bet‐
ter results than the males who sustained injuries on average
a year before the study and did not participate in systematic
physiotherapy [70]. Moreover, the authors found that both
types of tests applied under static as well as under isokinetic
conditions are useful for the assessment of physiotherapy
progress and are necessary for the analysis of torque deficits
in muscles responsible for internal and external tibial rota‐
tion.
In this study, however, measurements under static
conditions turned out more critical in their assessment of to‐
rque deficits in the studied groups of muscles as compared
with the results of isokinetic tests [70]. The presented data
indicate the need of muscular function monitoring, both in
static and dynamic conditions, as the functions are not cha‐
racterized by onetime and onelevel velocity of muscle
strength recovery and strengthspeed characteristics of indi‐
vidual groups of muscles. Moreover, the contemporary rese‐
arch tools allow (provided they are used rationally and
safely) the multiplane assessment of the biomechanical func‐
tion of muscles in the area of joints that are able to perform
movement in more than one plane of motion. The data on the
condition of biomechanical parameters of the studied group
of muscles may be an important supplementation of a com‐
plex functional assessment of treatment including widey
understood rehabilitation procedures for patients (supple‐
mentation of the result of medical examination, subjective
assessment of patients’ condition concerning sensation of pa‐
in, the patient’s everyday fitness, various forms of locomo‐
tion, neuromuscular coordination, proprioception, physical
fitness and capacity, etc.) [7178].
During the implementation of physiotherapy protocols in pa‐
tients after injuries, especially these of the musculoskeletal
system, regaining a proper level of muscular strength requires
two types of tests introduced in the right time, however, two
different types of training (including isometric and dynamic
workout) should be applied as well. Usually, at the beginning,
isometric training is applied. The participants require a con‐
sent from a specialist physician, a safe range of the preset me‐
asurement angle values and an adequate time period elapsed
from the injury/surgical procedure. Based on the IT values ob‐
tained from the measurement, the amount of submaximal load
– isometric tone with partial resistance (load), the time of iso‐
metric tone application and and the time of rest interval are
selected. When the patient’s clinical condition and the pro‐
cesses of tissue healing and adaptation allow to apply definite‐
ly more dynamic loads, we can introduce isokinetic tests, and
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next, isokinetic training with submaximal load within the usu‐
ally limited range of motion (ROM). During the final stage of
rehabilitation, training within a full ROM can be introduced
with a gradual load increase [79 83].
It is of note that, on one hand, isokinetic exercises are simi‐
lar to natural movements performed by people, on the other
hand, however, such movements can result in an increased
functional stress of the cardiovascular system, which may be
dangerous, especially for patients with cardiac conditions
and for elderly ones [45]. Moreover, the application of such
exercises should be adequately planned by a physiotherapist
as part of a physiotherapy protocol. The exercises can be in‐
troduced provided the patient’s clinical condition is relative‐
ly good, the process of tissue healing and adaptation to load
is correct and there are no possible biomechanic limitations
of the range of movements performed or/and the amount of
load applied.
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