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Immobilization of the joint leads to the formation of immobilization
contracture, which is accompanied by a decrease in the elasticity
of tendons and muscles, i.e. loss of full contraction and stretch-
ing. The torque in human joints is one of the key indicators in as-
sessing rehabilitation. Objective. To study the effect of changes in
the strength, length of muscles and tendons of the elbow joint on
the torque in flexion. Methods. The basic OpenSim model arm26
was used for modeling. To determine the change in the length
of the components of the muscle-tendon element (MTE), their length
was determined at a 90° angle of elbow flexion. The decrease in
muscle strength was considered a loss per day for elbow flexors —
1.2 %, extensors — 1.1 %. The decrease in strength was calculated
for a period of immobilization of 45 days. Three models were cre-
ated: Normal — a model without changes in muscle parameters;
Contracture — a change in the length of muscles and tendons;
Contracture + muscle (CM) — an additional decrease in muscle
strength. Results. The obtained data of torques when changing
the length of the MTE components showed their increase in condi-
tions of unchanged isometric muscle strength. But this option is not
possible after immobilization of the limb. Therefore, it is closer to
the real model of CM, in which the torque is significantly reduced
by the amount of decrease in muscle strength. These models show
a tendency that the change in the components of the MTE due to
immobilization increases the joint torque and, when trying to ap-
ply excessive force during joint development, can lead to traumatic
consequences. During immobilization, the flexor muscles shorten,
which prevents the patient from fully extending the elbow joint.
Conclusions. This work on predicting the elbow joint torque ge-
nerated by the muscles can be useful in studying specific clinical
situations with elbow joint contractures, but cannot be fully trans-
ferred to practice due to the significant conventionality of the mo-
del parameters. However, the modeling method can show trends
in changes in muscle function parameters when their geometry
changes.

3uepyxomnenns cyenoba npuzeoouns 00 hopmysanHs iMmooiniza-
YillHOT KOHMPAKMypu, KA CYNPOBOOANCYEMbCI 3HUICCHHAM €dC-
MUYHOCME CYXOJICUTIKI® | MA318, MOOMO 6mMpamor0 NOGHOYIHHO20
ckopouenns/posmsieyeants. Kpymuui momenm y cyenobax noounu
€ 0OOHUM 3 KIIOYO0BUX NOKAZHUKIE NIO YaAC OYiHIOBAHHSA Pe3Ybma-
mie peabinimayii. Mema. Busuumu énaug 3minu cunu, 008i#cuHu
M08 [ CYXOXHCUTIKIG JIKMBOBO2O CYen00a HA KPYMHULL MOMEHM 3a
seunanus. Memoou. [{na mooenosanHs GUKOPUCIAHO 6A308) MO-
deav OpenSim — arm26. 3miHy 0082#CUHU KOMNOHEHMIE M 33080~
cyxoarcukogoeo enemenma (MCE) susnauuiu 3a ixuboro 008i#CUHOIO
3a Kyma 3euHants 1ikmvoeo2o cyeaoba nio 90°. 3menwennam cumu
Ms316 8eadcany empamu 3a 000y O 32UHAUIE TIKMbOBO2O CYelo-
b6a— 1,2 %, poseunauie — 1,1 %. Po3paxogysanu 3MeHueHH s CUTU
ons mepminy immoobinizayii 45 0i6. Cmeoperno 3 mooeni: Normal —
0e3 smin napamempis m’s3zie; Contracture — 3smina 008IHCUNU M A316
i cyxoxrcunxis; Contracture + muscle (CM) — dooamkogo 3men-
wenHsa cuau masie. Pesynomamu. Ompumani 3navenua Kpymuux
Momenmig 3a 3miHu 008xcunu komnonenmie MCE nokazanu ixne
3POCMAHHA 8 YMOBAX HEe3MIHEHOI I30MempuuHoi cunu ma3ig. Ane
MaxKuil 8apiaHm HemMoNCaUSULl nicisa iMmooinizayii Kinyiexu. Tomy
onudicue 0o peanvhoeo € modens CM, Konu Kpymuui MOMeHm no-
MIMHO 3MEHULYEMbCA HA BENUYUHY NOCAAONEHHS CUNU M A3186.
Haseoeni mooeni demoncmpyromn, wjo 3mina xomnonenmie MCE
BHACTIOOK IMMOOLNI3ayil 30i1bUye KpYmMHULl MOMeHm cyenoba ma,
6 pasi HamaeanHsi 6 npoyeci @iziomepanii cyenoba npuxiacmu
HAOMIpHE 3YCUTLISL, MOJCe NPU3BECHU 00 MPAGMAMUYHUX HACTIO-
Kig. 3a immobinizayii M’ a3u-32uHayi 6KOPOUYIOMbCS, WO 3A6aNCAE
nayicHmosi NoGHicmIo po3icHymu JiKmvogutl cyenob. Buchosku.
IIpocro3ysanns KpymHo2o MOMenmy JiKmb08020 cy2noda, AKUll
CMEOPIOIOMb M 31, MOJHCe OYMU KOPUCHUM O BUGHEHHS KOHKDem-
HUX KITHIYHUX CUMMYayitl 3a KOHMPAaKmyp ybo2o cyanoda, aie 1iozo
He OOYIIbHO NOBHICIO NEPeHOCUmuU 8 KIIHIYHY NPpAKMUKy depes
SHAUHY YMOBHICMb napamempie mooeneu. 3acmocosanuii Memoo
MOOeIOBAHHS MOJice NOKA3amuy meHOeHyii 3a 3MiH napamempis
Gyurkyionyeanns m’azie y pasi moougikayii ixuvoi eeomempii.
Kurouosi cnosa. Mamemamuune MoOen08anHsi, TiKmbo8uil cyeioo,
KpPYMHULL MOMEHM, KOHMPAKnypa.
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Introduction

It is a well-known fact that immobilization
of a joint leads to the formation of an immobiliza-
tion contracture. Due to long-term immobilization,
a number of changes occur both in the joint itself and
in periarticular tissues. As a result of the slowing
of blood circulation, there is a shortage of tissue nu-
trition, which triggers their physical (loss of cartilage
hydration, decrease in muscle strength) and morpho-
logical (reorganization of the biochemical structure)
changes. In the case of temporary immobilization (up
to 6 months), changes in the joints are either mostly or
completely eliminated, during longer periods of im-
mobilization, the tissues of the joints and muscles un-
dergo permanent irreversible restructuring [1, 2].

A decrease in the elasticity of the tendons (“hard-
ening” of the muscles), that is, the loss of the ability
to fully contract/stretch is one of the obvious changes
that occur in the joint after immobilization. This is
the most important cause of joint contractures.

Torque in a person's joints is one of the key indi-
cators when evaluating the results of rehabilitation.
Computer modeling has become a modern method
of researching the work of muscles during movement.
It helps to identify the factors that cause movement
disorders, to assess the biomechanical consequences
of possible treatment methods. OpenSim is software
for developing, analyzing and distributing such simu-
lations. In OpenSim, the musculoskeletal model
consists of a set of rigid bodies connected by joints.
Muscles cover these joints and create forces that ac-
celerate the body according to the laws of physics.

Purpose: to study the influence of changes in
the strength, length of muscles and tendons of the el-
bow joint on the torque during bending.

Material and methods

The basic OpenSim model — arm26 [3] was used
for simulation.

Basic principles of muscle biomechanics

Let us present technical characteristics for under-
standing the methods of studying the effect of con-
tracture on force and joint moment due to changes in
the length of muscle fibers and tendons in the Open-
Sim software [4].

The most famous model of the musculotendinous
element (MTE) is the Hill model. Fig. 1 shows its
improved model, which is used to determine the force
of muscle contraction [5]. It includes a sequential
elastic element (SE), a passive elastic element (PE),
a contraction element (SE), a visco-deformable ele-
ment (VE) and the pentagonal angle of muscle fibers

(pars penina) (¢) (Fig. 1) .

According to Hill's muscle model, the relationship
between muscle length (/,,), muscle fiber length (Z,)
and tendon length (/)) is described by the formula [6]:

Ly =1,,- cosp + 1, + L. Q)]

Muscle strength is calculated according to
the formula:

FM:(FCE+FPE+FVE).COS¢' (2)

The active force produced by a muscle depends on
its activation, length, and speed.

To study the effect of muscle length (/) on its force
(F) according to the general Hill model, four initial
parameters are used: optimal muscle fiber length (/,,),
maximum isometric muscle force (F),), tendon sag
length (/,), angle ¢ (pentation angle).

A muscle produces its maximum active force
(Fy0) when the muscle fiber length (/) corresponds
to the optimal fiber length (/). Although the opti-
mal fiber length is different for different muscles,
the isometric force-generating capacity of any musc-
le can be characterized by the muscle's current fiber
length relative to its optimal length. When the length
of the muscle fiber exceeds its optimal length, the pa-
rallel elastic element stretches, creating a passive
force that depends on the length of the muscle, re-
gardless of activation. If the tendon is stretched be-
yond the sag length (/,), it also creates a passive force.
Since the muscle works in series with the tendons,
the force of the muscle and the force of the tendon
must be in balance, given the angle of pentation (¢).

Torque (Nm)

To understand torque, it is important to define
the concept of torque lever. It is the perpendicular
distance from the axis of rotation to the line of action
of the force. The moment arm determines the quali-
ty of the torque and changes depending on the angle
of force application (Fig. 2, a). The torque depends on

Fig. 1. Model of the musculotendinous element and the forces
acting during muscle contraction
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the amount of force (muscle force), the angle of appli-
cation of the force and the length of the torque lever.

The torque creates a biomechanical movement,
that is, the movement of the lever system (bones).
Being able to maximize the torque that a muscle
can generate will allow it to be optimally strengthe-
ned. The greater the torque a muscle can produce,
the greater the movement is created on the limbs
(lever) of the body. So, to increase the mobility
of the joint, it is possible to manipulate the change in
torque. The amplitude of the movement of the joint
does not always correlate with the amount of torque
that the muscle can create. Given that the length
of the lever (the length of the forearm) does
not change, the torque will only be affected by
the strength of the muscle. Modifications to muscle
strength in the model are described below.

The greatest torque occurs when the force is ap-
plied at an angle of 90°.

In the elbow joint, the torque (7)) is generated by
the muscle and transmitted through the tendons (Fy;)
and the radius of the elbow joint () (Fig. 1), calcu-
lated according to the formula [§].

1 :FSE'rj- 3

Anatomical basis for changing models

In conditions of immobilization, the elbow joint
is bent at 90°. That is, the flexor muscles of the joint
decrease their length, and the extensors, on the con-
trary, increase it.

We do not consider pronation and supination
movements of the forearm. In the model, only flexion
of the elbow joint up to 90° is provided, therefore,
in order to study the work of the extensors, the joint
movement coordinate file was extended to extension.

Coordinates of flexion movements — from 0° to
90°, extension — from 90° to 0°

Changes in the model involved modification
of muscle length and strength in accordance with im-
mobilization at an angle of 90° and loss of strength
of the standard duration of uncomplicated extra-arti-
cular injuries of the upper limb — 45 days.

In the case of immobilization of the elbow joint
in a 90° bent position, the length of the MTE com-
ponents of the flexor muscles is forcibly reduced. On
the contrary, the elements of the extensor muscles are
stretched. Long-term immobilization affects the con-
dition of the musculotendinous element by “fixing”
the length of its components. Immediately after re-
moval of immobilization, joint mobility is sharply
limited, even regardless of the duration of immobi-
lization. With a decrease in the length of the mus-
cle components, the active force of the muscles
decreases, and with an increase in the length and
strength of the muscles, the mobility of the joints is
restored.

During the simulation, we assumed that imme-
diately after removing the immobilization at an an-
gle of 90°, the length of the components of the mus-
cle-tendon element would correspond to the length
at this bending angle. Based on the fact that mus-
cles lose strength during immobilization, accord-
ing to a meta-analysis [9], the loss of flexor strength
of the elbow joint is 1.2 % per day, the loss of exten-
sor strength is 1.1 % per day. Indicators of changes in
muscle and tendon parameters are given in the Table.

3 models were created:

Normal (N) — basic, without changes in muscle
parameters;

Contracture (C) — with a changed length of mus-
cle and tendons (according to calculations);

Contracture + muscle (CM) — previous model
with changed muscle strength (according to
calculations).

LEVER MOMENT =
perpendicular distance from
the axis to the line of force

Lever arm ]

[a]

POWER SYSTEM

Fu — muscle strength

F, — rotational force

(Torque or biomechanical moment)
Fx — compressive strength

(joint stability)

Fg — force of gravity

(weight of the lever)

rj— joint radius

j — pentation angle

Mechanical Advantage = FM/FO = Fu/Fo

b

Fig. 2. Torque of the elbow joint [7]: a) moment of the lever in the power system; b) free-body force diagram of the analysis

of the components of the force system (including torque)
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Due to the fact that the rehabilitation of the re-
covery of movements in the elbow joint also involves
strength exercises, the modeling of the active moment
was studied with the activation of the force by 50 %.
The torque is calculated relative to the modulation
time, in 1 s there is 90° bending, in 2 s — full exten-
sion of the joint.

Results and their discussion

Movements in the elbow joint occur only in one
plane. Flexion and extension are performed by two
groups of arm muscles: anterior and posterior.

Bending in the elbow joint is provided by the mus-
cles of the anterior group: biceps brachii, which has
two heads (biceps long and biceps short) and bra-
chialis. In the process of bending the elbow joint,
a torque is created. In the case of changes in the com-
ponents of MTE that occur during immobilization,
the moment of the joint will also change.

The length of the muscle affects the force that
the muscle can develop. In model C, the length
of the components of the musculotendinous element
(Table) was changed, which accordingly affected
the force developed by the muscle. Because the torque
depends on the force and radius of the joint, given
that the dimensions of the joint remain constant, it is
the strength of the muscle that will be responsible for
the magnitude of the torque of the joint.

During flexion of the elbow joint, the components
of the MTE change their length in different ways.
The change in the length of the MTE components
affects the ratio “muscle strength” < “fiber length”
of the muscle and, accordingly, this ratio may be vio-
lated at different angles of elbow joint flexion.

The diagrams show the fotal fiber-force of a mus-
cle, which is equal to the sum of its passive and ac-
tive forces (without / full activation of the muscle).
Since the passive part of the muscle's strength is
taken over by the tendon, its total strength will in-
clude the strength developed by the tendon and mus-
cle tissue. The development of the muscle strength
curve for the SM model will be parallel to the curve
of the C model, but 50% smaller.

Let us consider the effect of the changed muscle
strength on the torque of the joint. It will be different
during flexion of the joint without load, i. e. without
muscle activation, and with 50% activation.

Changes in the moment of the elbow joint by
m. Biceps Long is shown in Fig. 3.

Normally, during bending at an angle of 90°,
the long head of the biceps muscle tissue shortens by
20 %, and the length of the tendons increases by 3 %
(Table). The normal muscle strength curve is shown
in Fig. 3, a. The maximum occurs at a bending angle
of 45°, and the minimum at 90°. The passive moment
is normally 1 Nm at a bending angle of 45°. Dur-
ing the activation of m. Biceps Long is active along
the entire bending trajectory [10], which corresponds
to the diagram in Fig. 3, ¢

In model C, after changing the length of the MTE
components, the force curve mirrored its direction.
The muscle is in tension when the joint is fully ex-
tended, and reduces the force during flexion to 45°,
and increases in the case of further movement to an
angle of approximately 75°, remaining in an excited
state until the moment of extension to the same an-
gle. Excitation of the muscle is visible on the curve
of the passive moment, that is, the tendons are maxi-
mally stretched when bending the angle up to 45°,
and minimally — 90°. The change in passive moment
during extension mirrors the flexion curve.

In the CM model, in addition to the change in
the length of the MTE components, the muscle
strength is reduced. The force development curve
from the bending angle is parallel to the curve
of model C, but reduced by 50 %. The passive moment
curve, accordingly, is also similar to that of model C,
but the peak values are also reduced by 50 %, with
a minimum at a bending angle of 90°.

During the active moment, the curves of the N
and C models are close, because the muscle strength
of the C model is greater, and the moment is also
by about 3—5 %. The curve of the SM model has
a similar shape with a decrease in the maximum by
the amount of reduction in the isometric strength
of the MTE components.

Table
MTE parameters in elbow joint models
Muscle Length of the components of the musculotendinous element (m) Muscle strength (N)
optimal in 90° bending nominal loss (%) remainder
muscle tendon muscle tendon within a day 45 days
Biceps long 0.116 0.272 0.092 0.281 624.30 1.1 49.5 315.27
Biceps short 0.132 0.192 0.092 0.198 435.56 1.1 49.5 219.96
Brachialis 0.086 0.054 0.067 0.055 987.26 1.1 49.5 498.57
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Let us consider how the force of m. Biceps Short
changes with an alterations in the length of the MTE
components (Fig. 4, a).

Isometric force of m. Biceps Short is less than that
of m. Biceps Long, the strength curve is smoothed.
In the interval from 0° to 45° of flexion, the strength
of the muscle does not change, and from 45° to 90°,
a decrease in isometric force is observed. During
stretching, the curve is mirrored.

In the case of changing the components of MTE,
a decrease in the length of the muscle fibers by 30 %
and an increase in the tendon by 3 % was recorded in
model C, the force curve is similar to m. Biceps Long,
but smoothed and has smaller values.

Passive torque of m. Biceps Short normally has
minor changes in torque and two maxima — at a joint
flexion angle of 30° at the level of 0.215 Nm and at
a 90° flexion — 0.189 Nm, so it can be assumed that
the passive torque is constant. A significant change
in the force curve due to changes in the length
of the MTE components shows the maximum torque
at a bending angle of up to 30° exceeding the norm
by 90 % (up to 3.5 Nm) with a decrease at an angle
of 90° to the norm. The reverse process of extension
repeats the increase in torque up to 30° and its gra-
dual decrease. For the CM model, the torque curve
has a similar trajectory to the C model, with a maxi-
mum torque of 1.8 Nm at a 30° bending angle, and
a minimum of 90° bending at 0.1 Nm, which is below
the norm. The maximum of the C model is greater
than the N model by 5 to 20 % at various bending mo-
ments, and the CM model is less than twice the norm.

In the case of muscle activation by 50 9%,
the curves have the same torque trajectory with
a gradual increase to an angle of 90°, but the torque
of the C model exceeds from 5 to 21 % depending on
the bending angle, the torque of the N model, and for
the CM model — the torque is 50 % less than normal.

Let us consider the change in the force of m. Bra-
chialis (Fig. 5, a). Because the humerus is quite short,
but the strongest of the arm muscles, the changes that
occur during immobilization affect its strength, and
given that it is solely responsible for elbow flexion, it
is this function that suffers.

Normally m. Brachialis during a fully extended
elbow joint is tense. That is why the most comfort-
able position of the hand is with slight elbow flexi-
on. The strength of the muscle decreases after
a bending angle of 40° and reaches a minimum at
an angle of 90°. In the case of a change in the length
of the MTE components — the length of the muscle
fibers decreases by 20 % and the length of the tendons
increases by 1 %, the curve of the isometric force

of the muscle changes dramatically. Under the con-
ditions of a fully extended elbow joint, only due to
the increase in the length of the tendons, the isomet-
ric force of the muscle decreased by 4.5 %, and up to
a bending angle of 70°, the muscle force continues to
increase and remains unchanged up to 90°. That is, in
model C, the force curve has an inverted trajectory
relative to model N.

Passive torque of m. Brachialis normally has
a smoothed character with a maximum of 0.375 Nm
under the conditions of a fully extended joint and
during bending at 90° — 0.2 Nm. As can be seen in
the diagram (Fig. 5, b), model C is characterized by
a significant (by 87 %) increased initial torque (up to
3 Nm) and a rapid decrease in the norm in the case
of an elbow joint bent at 90°. For the CM model,
the torque curve is similar to the C model, but more
smoothed, with lower extreme values — 1.5 Nm for
an extended joint and 0.1 Nm for an angle of 90°,
which is less than the norm.

When the muscle is activated by 50 % for
the C model, the reduction in the length of its compo-
nents is leveled off and the torque is almost close to
normal, but exceeds it. For the CM model, the torque
is parallel to the normal, but reduced and more
smoothed, that is, the muscle is not able to perform
the normal movement of the joint.

Let us consider the torque developed by the flexor
muscles in passive and active modes of operation
(Fig. 6)

Simulation findings showed that normally during
flexion of the elbow joint, the total force developed
by the flexor muscles is 100 N with a maximum at
full extension of the joint. The change in the length
of the MTE components leads to an increase in force
activation with a 0° joint angle in the C model to
730 N, in the CM model to 370 N. At a 90° joint angle,
the total muscle force for all models is almost 10 N.
The passive moment in the norm has a maximum at
a bending angle of 30° — 1.8 Nm, at an angle of 90°
the torque is 1.2 Nm. The torque of the C model
increased sharply to 9.5 Nm at the joint angle in
the range from 20° to 30° with a minimum at 90° —
1.2 Nm. In the SM model, the torque also has a maxi-
mum in the range from 20° to 30° — 5 Nm with
a minimum of 0.6 N at an angle of 90°.

The active torque normally has a smooth increase
to 32 Nm up to a joint angle of 70° and remains un-
changed, in the C model it increases sharply through-
out the bending range with a maximum of 36 Nm
at a joint angle of 90° The active torque curve
of the CM model is similar to the previous curve with
a maximum of 18 Nm.
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Fig. 3. Characteristics of m. Biceps Long for joint flexion/extension: a) total fiber-force (N) of models N and C; b) passive torque
(without activation); ¢) moment during muscle activation by 50 %
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Fig. 4. Characteristics of m. Biceps Short for joint flexion/extension: a) total fiber-force of models N and C; b) passive torque (without
activation); ¢) moment during muscle activation by 50 %
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Fig. 5. Characteristics of m. Brachialis for joint flexion/extension: a) total fiber-force of models N and C; b) passive torque (without
activation); ¢) moment during muscle activation by 50 %
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Fig. 6. Characteristics of the flexor muscles for bending/extending the joint: a) fotal fiber-force of the N and C models; b) passive
torque (without activation); ¢) moment during muscle activation by 50 %
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Discussion

Muscle strength is affected by a change in mus-
cle length under the conditions of its contraction, so
its tension occurs at different moments of its length
[11]. A change in muscle length is associated with
a change in the angle of the joint, that is, its change
affects the force of muscle contraction and their func-
tion [12], therefore, the angle of flexion of the joint is
a variable that affects the maximum force of the mus-
cle [13-15].

According to J. E. Kasprisin and M. D. Gra-
biner [16], the shorter the muscle length, the greater
the muscle activation. Mostly, changing the length
of the muscle affects its activation.

In their study, J. Yang et al. [17] proved that the bi-
ceps muscle strength was highest at a joint angle
of 56°. It is at this point that it is 20 % more than
at rest. The obtained modeling results coincide with
the indicators of the experimental study, although
the biceps heads were considered separately in the re-
search, the maximum muscle strength for the normal
model falls on the interval from 45° to 60°.

No publications were found on the study
of the change in muscle strength in the event
of a change in their length for the same subject, so we
can only focus on mathematical calculations — that
is, a decrease in muscle length increases its activation
and strength.

Regarding experimental studies of elbow joint
moments for elbow joint contracture, only one publi-
cation was found on the study of elbow joint strength
and torques in children with immobilization contrac-
tures after a unilateral fracture of the distal humerus
[18]. The experimental conditions differed from
the modeling conditions, the initial angle of the el-
bow joint was 45° due to the presence of a flexion
contracture (10.8 £ 9.5)° and flexion was performed
to the maximum possible level (more than 130°). That
is, the values of full extension were omitted from
the analysis. But the peak torque values produced
by the flexor muscles also coincide with our results.
That is, the maximum falls on the interval 50°-60°
and does not exceed (2.7 £ 1.2) Nm in the interval
of spread from 1 to 5 Nm; according to the results
of our research, it is known that in the interval from
45° to 90° of the joint angle, the maximum torque
is 1 Nm, and the maximum occurs at a bending an-
gle of 30° — 1.8 Nm. The authors assume that vari-
ous tissues are involved in limiting joint mobility,
so the moment on the injured joint varies signifi-
cantly — from 1 to 5.5 Nm with a median of 3 Nm.
We did not study the strength of the muscles of the el-

bow joint, so we cannot compare, but the obtained
moment indicators coincide with the curve of the CM
model — that is, with the changed length of the MTE
components and reduced muscle strength.

Analyzing torque indicators for changes in
the length of the components of the musculotendi-
nous element, we determined their growth in con-
ditions of unchanged isometric muscle strength.
But such an option is practically impossible after
injuries and immobilization of the limb. Therefore,
the CM model is closer to practical application —
that is, changing the length of muscles and reduc-
ing their strength. The model shows the change in
the components of MTE and muscle strength during
immobilization at an angle of 90° and their state is
transferred to the model, which mostly does not cor-
respond to practical application and has a large vari-
ability. These models only show a tendency to change
the components of the MTE due to immobilization,
which increases the torque of the joint and when try-
ing to apply excessive force during the development
of the joint, can cause traumatic consequences.

The results of the modeling are not advisable to
fully transfer to the treatment of the patient due to
the great variability of the functioning of the limb
after injury and immobilization. However, it is un-
equivocally recommended that in the case of reha-
bilitation measures for the development of the elbow
joint in a passive mode, a torque that does not exceed
2 Nm should be applied.

Conclusions

Our research on predicting the torque of the elbow
joint, which is created by the muscles, can be use-
ful for studying specific clinical situations for elbow
joint contracture, but it is not advisable to use it in
full in practical activities due to the significant con-
vention of the model parameters. Although the mode-
ling method carried out can show tendencies to
change the parameters of muscle functioning during
the change of their geometry.

Conflict of interest. The authors declare no conflict
of interest.

References

1. Tyazhelov, O., Khasawneh, A. A. M., Karpinska, O., Karpin-
sky, M., & Bitsadze, M. (2023). Conceptual model of the pro-
cess of formation of immobilization contractures. Orthopae-
dics, traumatology and prosthetics, (3—4), 52—61. https://doi.
org/10.15674/0030-598720223-452-61

2. Couppé, C., Suetta, C., Kongsgaard, M., Justesen, L., Hvid, L. G.,
Aagaard, P., Kjer, M., & Magnusson, S. P. (2012). The effects
of immobilization on the mechanical properties of the patellar
tendon in younger and older men. Clinical Biomechanics, 27
(9), 949-954. https://doi.org/10.1016/j.clinbiomech.2012.06.003

3.  Holzbaur, K. R. S., Murray, W. M., & Delp, S. L. (2005).



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. Ne 4

10.

11.

A Model of the Upper Extremity for Simulating Muscu-
loskeletal Surgery and Analyzing Neuromuscular Control.
Annals of Biomedical Engineering, 33 (6), 829-840. https://
doi.org/10.1007/s10439-005-3320-7

Introductory OpenSim Tutorial at GCMAS 2015. Annual
Meeting, Portland, Oregon, USA. Retrieved from https://
www.etouches.com/ehome/gecmas2015/220035/?&

Shao, Q., Bassett, D. N., Manal, K., & Buchanan, T. S.
(2009). An EMG-driven model to estimate muscle forces
and joint moments in stroke patients. Computers in Biology
and Medicine, 39 (12), 1083—1088. https://doi.org/10.1016/].
compbiomed.2009.09.002

Hu, B., Tao, H., Lu, H., Zhao, X., Yang, J., & Yu, H.
(2021). An Improved EMG-Driven Neuromusculoskeletal
Model for Elbow Joint Muscle Torque Estimation. Ap-
plied Bionics and Biomechanics, 2021, 1985741. https:/
doi.org/10.1155/2021/1985741

Hamm, K. (2020). Biomechanics of Human Movement. Retrieved
from https://pressbooks.bccampus.ca/humanbiomechanics/
Radmilovic, M., Urukalo, D., Jankovic, M. M., Dujovic, S. D.,
Tomi¢, T. J. D., Trumi¢é, M., & Jovanovié, K. (2023). Elbow
Joint Stiffness Functional Scales Based on Hill’s Muscle Model
and Genetic Optimization. Sensors, 23 (3), 1709. https:/doi.
org/10.3390/s23031709

Campbell, M., Varley-Campbell, J., Fulford, J., Taylor, B.,
Mileva, K. N., & Bowtell, J. L. (2019). Effect of Immobilisation
on Neuromuscular Function In Vivo in Humans: A System-
atic Review. Sports Medicine, 49 (6), 931-950. https://doi.
org/10.1007/540279-019-01088-8

Ethier, J. (2019). Short Head Biceps Exercises. Retrieved
from https://builtwithscience.com/workouts/short-head-bi-
ceps-exercises

Kendal, F. P., McCreary, E. K. (1983). Muscle Testing and

12.

14.

15.

16.

17.

18.

Function (3rd Ed.). Williams & Wilkins.

An, K. N., Kaufman, K. R., & Chao, E. Y. S. (1989). Physio-
logical considerations of muscle force through the elbow joint.
Journal of Biomechanics, 22 (11-12), 1249—1256. https://doi.
org/10.1016/0021-9290(89)90227-3

. Koo, T. K. K., Mak, A. F. T., & Hung, L. K. (2002). In vivo

determination of subject-specific musculotendon parame-
ters: applications to the prime elbow flexors in normal and
hemiparetic subjects. Clinical Biomechanics, 17 (5), 390-399.
https://doi.org/10.1016/s0268-0033(02)00031-1

Hansen, E. A., Lee, H.-D., Barrett, K., & Herzog, W. (2003).
The shape of the force—elbow angle relationship for maximal
voluntary contractions and sub-maximal electrically induced
contractions in human elbow flexors. Journal of Biomechanics,
36 (11), 1713-1718. https://doi.org/10.1016/s0021-9290(03)00167-2
Linnamo, V., Strojnik, V., & Komi, P. V. (2006). Maximal
force during eccentric and isometric actions at different el-
bow angles. European Journal of Applied Physiology, 96 (6),
672—-678. https://doi.org/10.1007/s00421-005-0129-x
Kasprisin, J. E., & Grabiner, M. D. (2000). Joint angle-de-
pendence of elbow flexor activation levels during isometric
and isokinetic maximum voluntary contractions. Clinical
Biomechanics, 15 (10), 743—749. https://doi.org/10.1016/s0268-
0033(00)00036-x

Yang, J., Lee, J., Lee, B., Kim, S., Shin, D., Lee, Y., Lee, J.,
Han, D., & Choi, S. (2014). The Effects of Elbow Joint Angle
Changes on Elbow Flexor and Extensor Muscle Strength
and Activation. Journal of Physical Therapy Science, 26
(7), 1079-1082.

Eastman, J., White, H., Evans, J., Augsburger, S., Wallace, J.,
Riley, S., & Iwinski, H. (2022). What is the minimum torque
required to obtain passive elbow end range of motion? Gait &
Posture, 93, 235-239. https:/doi.org/10.1016/j.gaitpost.2022.02.010

The article has been sent to the editors 23.10.2023

EFFECT OF CHANGES IN THE LENGTH OF THE COMPONENTS
OF THE MUSCULOTENDINOUS ELEMENT OF THE ELBOW FLEXOR MUSCLES
ON THE ISOMETRIC FORCE AND JOINT TORQUE

O. A. Tyazhelov !, O. D. Karpinska !, M. D. Rykun !, O. Yu. Branitskyi ?

! Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv
2 National Pirogov Memorial Medical University, Vinnytsya. Ukraine

D41 Olexiy Tyazhelov, MD, Prof. in Orthopaedics and Traumatology: alzhar3001@gmail.com

D4 Olena Karpinska: helen.karpinska@gmail.com
< Mykola Rykun, MD: riggenkiy@gmail.com
> Oleksandr Branitskyi, MD, PhD: branicki2018@gmail.com



