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Background. There is evidence for violation or a complete change in the arm swing cycle during walking in a number
of pathologic conditions.

Aim. We assess the functional state of the shoulder and elbow joints in normal conditions and with joint hypermobility
syndrome (JHS) using the kinematic instrumental method of analyzing gait.

Material and methods. We studied 27 adolescent girls 12-15 years old with JHS and healthy subjects. A Vicon motion
capture analysis system (Vicon, Oxford, Great Britain) was used to record biomechanical parameters.

Results. A decrease in limb movement amplitudes was noted in the shoulder joint around the frontal and sagittal axes
in patients with JHS compared to the norm. During the arm swing cycle in the normal state, the shoulder is in a state
of internal rotation, whereas in the girls with JHS, the shoulder is in a state of external rotation for most of the arm
swing cycle. The elbow joint in the JHS subjects showed a significant increase in flexion angle of the forearm in the
swing phase of 41.5° + 0.90° and a decrease in this angle in the stance phase. The JHS group also showed a decrease
in power of the muscles acting on the shoulder joint.

Conclusions. A common sign of changes in the range of motion of the links of the upper limb in the shoulder and
elbow joints in subjects with JHS was decreased amplitude of their flexion and decreased power of the joints. In the
adolescents with JHS in the shoulder joint, a significant decrease in the internal rotation angles and reduction of the
limb was found.

Keywords: gait cycle; motion capture and analysis system; shoulder and elbow joints; hypermobility syndrome of joints.
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O60c1{03anne. MMeIOTCSI OaHHbIE O HapyHIeHI/H/I VIV TIOJTHOM M3MEHEHUU IIMKIIa nepeHoca pyK Hp]/[ XOHI)6€ HPI/I pfme
MATOOTUYECKUX COCTOSHMUIA.

Ilenp — orleHKa (PYHKLMOHAIBPHOTO COCTOSIHMS IUIEYEBOTO U IOKTEBOTO CYCTABOB B HOPMe M IIPY CMHAPOME TUIIEPMO-
6unbHOCTU cycTaBoB (CI'MC) ¢ mcrmonb3oBaHMeM KMHEMaTUYeCKOTO MHCTPYMEHTATIBHOTO METOfa aHaayu3a IOXOAKM
YyeyloBeKa.

Marepuan n merogsl. O6beKTOM UCCIeNOBaHUS ObUM 27 [IeBOUEK MOLPOCTKOBOTO B Bo3dpacte 12-15 metr ¢ CTMC
n 3JIOPOBI>I€ I/ICHI)ITyeMI)Ie. BI/IOMexaHI/I‘IeCKI/Ie napaMeprI peI‘I/ICTpI/IpOBa}II/I HpI/I IIOMOIIIM CUCTEMBI 3aXBaTa M aHAa/IM3a
neikenus Vicon (Okcdopa, Bemnkobpuranus).

B For citation: Vorontcova Ol, Udochkina LA, Baranets MS, et al. Kinematic instrumental analysis of the shoulder and elbow joint in normal conditions and with hypermobility
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PesynbrarThl. YCTaHOBIEHO CHIDKEHME aMIUINTY/bI ABIDKEHNIT KOHEYHOCTH B II/IEYEBOM CYCTaBe BOKPYT (POHTAIBHOIL,
caruTTanbHol ocell y mauyeHToB ¢ CI'MC no cpaBHeHMio ¢ HopMmolil. Ha mpoTskeHum Bcero IUK/Ia 1Iara B HOpMe
IUIeY0 HAXONUTCS B COCTOSTHMM BHYTPEHHeIl poTaluy, TOrfa Kak B rpymme gesodek ¢ CITMC 60mblnyio 4acTh LUKIA
HepeHoca IJIeY0 HaXOJUTCA B COCTOAHMM Hapy)KHOI poranyu. B yokxreBom cycrase B rpyme obcnenyembix ¢ CTMC
BBIAIB/IEHO 3HA4YMMOe YBeIudueHNue yrima crubaHus mpenrviedbs B ¢ase mepeHoca Bmeper 41,5 + 0,90° u yMeHbleHe
3HaYeHNUI! 9TOro yria B ¢ase mepexoca Hasap. B rpymme gesyutexk ¢ CITMC ompezeneHo CHUXXeHMe MOIIHOCTY PaboThI
MBIIIL, BO3/JE/ICTBYIOIIMX Ha IIEYE€BON CYCTaB.

3akmouyenne. OOIMM IPU3HAKOM M3MeHeHNUT o6beMa JABIDKEHNUI! 3BeHbeB BEepXHell KOHEYHOCTH B IIEYEBOM I JIOK-
TEBOM CycTaBax B rpymmne obcmenyemsix ¢ CTMC 6510 yMeHbllleHVe aMIUIUTYAbI MX CTUOAHNS U CHVDKEHME MOLIHO-
cTu paboTsl cycTaBoB. B rpymme nogpoctkoB ¢ CIMC B mredeBoM CycTaBe HAOMIO[A/IOCh 3HAYUTEIBHOE YMEHbIIEHIE
YITIOB BHYTPEHHel pOTaliuy U IpUBeJeHMA KOHEYHOCTI.

KnioueBbie croBa: LUK/ HOIara; CucreéMa 3axBaTa UM aHa/IM3a NBUXXKECHUA; I/IeYeBOI U JIOKTEBOI CYCTaBbl; CMHIPOM

I‘I/Il’IepMO6I/I]’IbHOCTI/I CYCTaBOB.

Background

Joint hypermobility syndrome (JHMS) is
the major clinical manifestation of genetically
determined systemic connective tissue dysplasia.
The problem of diagnosing hereditary disorders of
the connective tissue is one of the most complicated
diagnoses in pediatrics and pediatric orthopedics
because of the diversity of mutations and clinical
polymorphisms. The ICD-10 includes only five
nosological forms of hereditary disorders of the
connective tissue (e.g., JHMS) (M35.7). JHMS is
characterized by an increase in the range of
movements in the joints compared with the average
statistical norm detected in adolescence with
a frequency from 6.7% to 39.6% [1]. The kinematic
instrumental gait analysis estimates the numerical
indicators of the functional state of the joints of
the upper and lower extremities. The majority of
previous studies have concentrated on the analysis
of the state of the supporting, spring, and motor
functions of the passive part of the musculoskeletal
system, and the function of skeletal muscles in the
normal condition as well as under the pathological
conditions of the lower extremities, pelvis, and spine.
In this case, the movement of the upper extremities
while walking in a step cycle is poorly understood.
When the motion-capture optoelectronic systems
were developed, the role of the upper extremities in
the step cycle attracted scholars’ attention. Several
scholars demonstrated that the restriction of hand
movements during walking affects the decrease in
gait stability in the mediolateral, anteroposterior,
and vertical directions [2]. Hand movement
with impaired balance plays a significant role in
restoring lost body balance [3]. In addition, moving
hands during walking help to reduce the vertical
component of the support reaction force [4, 5].

As a result of restriction or the complete absence
of hand movements during walking, the amplitude
of shift of the mass center along the vertical
increases [6].

The analysis of these studies enabled us to
put-forward a hypothesis on the effect of hand
movements during walking to reduce energy
consumption as a consequence of minimizing
neuromuscular efforts aimed at stabilizing the
body balance [7, 8]. A disorder or a complete
alteration in the hand-swing cycle during walking
was noted in several pathological conditions. The
kinematic characteristics of gait have been studied
in patients with patellofemoral pain syndrome [9]
and hypermobile form of the Ehlers-Danlos disease
[10, 11]. However, these studies were performed for
studying the kinematics of the lower extremities and
pelvis during walking. No study has concentrated on
the analysis of the biomechanical parameters related
to the joint condition of the upper extremities
during walking in patients with JHMS.

This study aimed to assess the functional
state of the shoulder and elbow joints in normal
condition as well as in JHMS using the kinematic
instrumental method of analyzing a human’s gait.
To achieve this aim, the following tasks were set:
1) Determine the quantitative indicators related to
the functional state of the shoulder and elbow joints
in the norm and 2) Identify the kinematic aspects
of the shoulder and elbow joints in adolescent girls
with JHMS.

Material and methods

In this study, the cycle of transferring hands
during a person’s walk was used [12]. Overall,
27 adolescent girls aged 12-15 years were enrolled
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Table 1
Maximum angles of movement of limb segments in the hand-swing cycle
Joint Moverment Forward swing phase Backward swing phase
Period of falling Period of rise Period of falling Period of rise
Shoulder Flexion X
Extension X X
Adduction X
Abduction X X
Internal rotation X X
External rotation X X
Elbow Flexion X
Extension X X

in the study, according to the accepted biological
scheme of age division into periods, proposed in
1965 by the Institute of Physiology of Children
and Adolescents [13]. In addition, 22 healthy
female subjects (height, 1.64 £ 0.26 m; weight
49.5 * 2.3 kg, and the length of the lower extremities,
0.80 £ 0.02 m) were recruited. The inclusion
criteria were the absence of any cardiovascular,
neurological, or musculoskeletal disorders; visible
postural or motor impairments; the normal range
of movement preserved; and the level of muscle
strength. The study group comprised five female
patients with JHMS (height, 1.70 £ 0.12 m; weight,
47.5 + 3.4 kg; length of the lower extremities,
0.85 + 0.04 m).

The studies were performed in real-time mode.
The subjects were asked to perform a series of
seven passes along a dynamometric platform
with an arbitrary speed of 1.2 £0.1 m/s in the
healthy subjects and 0.92 £ 0.1 m/s in patients
with JHMS.

Biomechanical parameters were recorded using
the Vicon motion-capture and analysis system
(Oxford, UK), which included 10 Vicon N40
infrared cameras, AMTI two-section dynamometric
platform (OR6-5-1000, Watertown MA, USA), and
Vicon Nexus and Vicon Polygon software (UK).
We investigated the angles of flexion-extension and
adduction-abduction, rotation of the extremities
in the shoulder joints, flexion-extension of the
forearms in the elbow joints, and the power of the
shoulder and elbow joints. The power of the joints
used in the skeletal model was determined as the
scalar product of the moment of forces and the
angular velocity of movement in the joint, which

was considered as an absolute value with a unit
of W/kg.

The Plug-in Gait full body model with 39 markers
was mounted on the subjects in accordance with
the guidelines [14]. According to the analysis of
the graphic materials obtained by registering the
movements of the upper extremities during walking
in the healthy subjects, the maximum angles of
movement of the limb segments in the hand-swing
cycle were calculated (Table 1).

All data were statistically analyzed using
Mathcad software. Intergroup differences were
considered significant at p < 0.05.

Results

The movements of the upper extremities during
walking were typically cyclical. The cycle onset was
the achievement of the extreme posterior upper
position with the hand, the middle of the cycle was
the extreme anterior upper position of the hand,
and the end of the cycle was the return of the hand
to the extreme posterior upper position. The cycle
of the swing of the upper limb coincided in time
with the step cycle of the ipsilateral lower limb. This
enabled us to integrate the cycles of movement of
the lower and upper extremities in the temporal
parameter.

The hand-swing cycle included two phases: the
upper forward limb swing phase and the upper
backward limb swing phase, and each phase took
50% of the cycle-time. Each phase comprised one
rising and one falling period (25% of the cycle-
time each). Borders between phases and periods
represented the moments of the occupation of the
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Kinematic parameters of the shoulder

and patients with JHMS

Table 2
and elbow joints in the step cycle in healthy subjects (Control)

Forward swing phase Backward swing phase
Joint Movement
Control JHMS Control JHMS

Shoulder Flexion -4.2+0.30 -5.7 £ 0.50* 0 0

Extension -239+1.10 -16.6 £ 0.70* -26.6 £ 0.90 -18.5 + 0.60*

Adduction 21.3 £ 0.50 12.5 + 0.70* 0 0

Abduction 17.4 £ 0.40 7.4 £ 0.60* 16.8 £ 0.50 6.5 £ 0.40*

Internal rotation 229+ 0.80 3.9 £ 0.50* 23.5+£0.60 0*

External rotation 15.2 £ 0.60 -4.9 + 0.40* 14.2 + 0.60 -6.7 £ 0.50*
Elbow Flexion 0 41.5 £ 0.90* 53.3+1.10 0%

Extension 353+ 1.20 30.8 = 0.90* 33.9+1.10 32.0 £0.80

Note. *significant differences of mean values in group with p < 0.05; JHMS, patients with joint hypermobility syndrome; Control,

healthy subjects

extreme upper backward and forward position of
the hand as well as two moments of the symmetric
position of the hands.

Table 2 shows the kinematic parameters of the
shoulder and elbow joints obtained in the study
of healthy subjects and patients with JHMS of the
same age.

In patient with JHMS, as in the healthy subjects,
during walking, the shoulder was in a state of

extension, and the amplitude of changes depended
on the phases and periods of the hand-swing
cycle. There was a decrease in the amplitude of
limb movements in the shoulder joints around the
frontal axis in patients with JHMS compared with
the healthy subjects. Thus, in the forward limb
swing phase, the mean value of the extension angle
in healthy subjects was -23.9 + 1.10°, whereas it
was —16.6 + 0.70° in patients with JHMS; in the
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Fig. 1. Hllustration of the shoulder joint rotation (screenshot
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of the Vicon Polygon program). The dashed line represents

patients with joint hypermobility syndrome, and the solid one represents healthy subjects
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Fig. 2. Illustration of elbow joint flexion (screenshot of ViconPolygon program). The dashed line represents patients with
joint hypermobility syndrome, and the solid one represents healthy subjects

backward swing phase they were -26.6 £ 0.90°
and -18.5 £ 0.60°, respectively. Extension in the
backward limb swing phase was uneven; the gradual
increase in extension in the falling period loses
momentum and slows down.

During walking, the shoulder is constantly in
a state of adduction, minimally coinciding with the
beginning and end of the swing cycle and maximally
falling in the period of the rise of the forward swing
phase [12]. The movements of the limb in the
shoulder joint around the sagittal axis in patients
with JHMS were different from those in the healthy
subjects. As presented in Table 2, in the forward
swing phase, the mean value of the adduction angle
in healthy subjects was 21.3 + 0.50°, whereas it was
12.5 + 0.70° in patients with JHSM.

During the entire cycle of a step in the normal
condition, the shoulder is in a state of internal
rotation; the indicators may change, and reach the
peak in the period of the rise in the forward swing
phase and the period of the fall in the backward
swing phase. The minimum value coincides with
the beginning and end of the swing cycle [12].
In patients with JHMS, during most of the swing
cycle, the shoulder was in a state of external
rotation, and the maximum value coincided
with the beginning and end of the swing cycle.

The maximum value of internal rotation in the
period of the rise of the forward swing phase was
3.9 + 0.50°, whereas it was in the period of the fall
of the backward swing phase (Fig. 1).

In the study of the elbow joint kinematic profile
in patients with JHMS, a significant increase in
the angle of flexion of the forearm was noted in
the forward swing phase (41.5 + 0.90°), whereas
a decrease in the backward swing phase was
detected (Fig. 2).

Changes in the kinematic parameters of
movements of the segments of the upper limb in
the shoulder and elbow joints are accompanied by
marked changes in their kinetic parameters. This
was clearly observed in the changes of the power
of the muscles acting on the shoulder joint. Thus,
the extreme posterior and anterior positions with
the upper extremity were accompanied by decrease
in the power of the shoulder joint to 0.0075 W and
0.01 W, respectively (Fig. 3).

Discussion

The movement of the upper extremities in
a walking person is poorly understood. This is
partly because of the entrenched view about the
insignificant contribution of hand movements to
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Fig. 3. Illustration of the power of the shoulder joints in patients with joint hypermobility syndrome (dashed line) and
healthy subjects (solid line)

the human gait pattern. Another reason is related to
ineffective efforts to analyze hand movements using
the step cycle or recreating the cyclical actions of
the hands [15]. For the first time, to study arm
locomotion during walking, we developed and
applied the hand moving cycles during walking,
synchronized in real-time with a step cycle, using
the Vicon optical-electronic motion-capture system.
This enabled us to achieve detailed parameters
related to the kinematics and kinetics of the shoulder
and elbow joints and implement three-dimensional
modeling of the movements.

No similar clinical studies have been reported in
the literature.

A reduction in the amplitude of movement of
the segments of the upper limb in the shoulder and
elbow joints in patients with JHMS was noted, that
may serve as a compensatory response to hypermo-
bility of the joints to ensure an optimal performance.

Conclusion

The kinematic study of the joints of the
upper extremities for the analysis of a human’s
gait using the motion-capture technique provides

a quantitative assessment of the state of the
movement using three-dimensional modeling, and it
can be used as a diagnostic technique for JHMS and
other pathological conditions of the musculoskeletal
system.

In this study, quantitative data were obtained,
which characterized the kinematics and kinetics of
the shoulder and elbow joints of healthy subjects
and patients with JHMS during walking. A common
sign of changes in the range of motion of the links of
the upper limb in the shoulder and elbow joints in
patients with JHMS was a decrease in the amplitude
of flexion and in the power of the joints.

In patients with JHMS, a significant decrease
in the angles of internal rotation and the limb
adduction in the shoulder joint were recorded.
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