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Movement dynamics in the elbow joint. Reference range of
movables in the examined joint. Preliminary reports

Dynamika ruchu w stawie tokciowym. Zakres referencyjny ruchomosci w badanym stawie.
Doniesienia wstepne

Marzena Mandziuk(®BEF) Marlena Krawczyk-Suszek(®P), Blanka Martowska(®.EF),
Weronika Cyganik(EF)

Katedra Fizjoterapii, Kolegium Medyczne, Wyzsza Szkota Informatyki i Zarzgdzania w Rzeszowie /
Department of Physiotherapy, Faculty of Medicine, University of Information Technology and Management in Rzeszow, Poland

Abstract

Introduction. Studying changes of motion ranges in time by means of electrogoniometers provides valuable
and clinically meaningful data. The aim of the present thesis was an analysis of the kinematic parameters of
the elbow joint in the sagittal plane while performing motor tasks imitating simple activities of everyday life.
Material and methods. The research group included 50 randomly selected people, aged 21-25 years old. The
study, carried out with the use of Noraxon 1400 L system as well as compatible biaxial electrogoniometers,
required the participants to perform a specified sequence of motor tasks: 1. Placing the hand on a table. 2.
Placing the hand on a box. 3. Lifting a cup to the mouth. 4. Wiping the face with a tissue. 5. Combing hair. 6.
Placing the forearm sideways on a table. The data was compiled by means of The Smart Analyzer program
while the statistical analysis was carried out via the statistical program Statistica 6.0 PL.

Results and conclusions. The research showed a statistically significant correlation between gender and the
mean values of the motion range in elbow joint during performed movements. There was no statistically
significant relation noted between gender and other studied parameters.

Key words:
range of mobility, biaxial electrogoniometer, elbow joint

Streszczenie

Wstep. Badanie zmian zakresow ruchu w funkcji czasu za pomocg elektrogoniometréw dostarcza cennych
i znaczacych klinicznie danych. Celem niniejszej pracy byta analiza parametréw kinematycznych stawu
lokciowego w ptaszczyznie strzatkowej podczas wykonywania zadan ruchowych, przypominajacych proste
czynnosci dnia codziennego.

Materiat i metody. Grupe badana stanowito 50 oséb w wieku od 21 do 25 lat. Zastosowano dobor losowy.
Badanie przeprowadzono za pomocg urzadzenia Noraxon 1400 L i kompatybilnych z nim dwuosiowych
elektrogoniometrow. Przeprowadzenie badania polegato na wykonaniu w kolejnosci wskazanych zadan
ruchowych. Do opracowywania danych wykorzystano program SMART Analyzer. Analize statystyczna
przeprowadzono w programie Statistica 6.0 PL.

Whyniki i wnioski. Badania wykazaty istotna statystycznie zalezno$¢ miedzy ptcig

i Srednimi warto$ciami zakreséw ruchomosci w stawie tokciowym podczas wykonywanych ruchéw. Nie
wykazano istotnosci statystycznej miedzy ptcig a pozostatymi analizowanymi parametrami.

Stowa kluczowe:
zakres ruchomosci, dwuosiowy elektrogoniometr; staw tokciowy

94 www.fizjoterapiapolska.pl
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Introduction

The dynamics of motion can be presented with the use of an
electrogoniometer directly attached to the body of a test
subject in the rotational axis of the examined joint. The test is
highly accurate and reproducible, while collected information
is considered to be useful and clinically significant [1]. The
registered data show functional status of the test subject,
changes in articular angles per unit of time and accurately
reflect the kinematics of movement.

Physical agility is determined by normal range of mobility
which can be measured in order to assess basic motor
functions.

Objective

The aim of this paper was an analysis of kinematic parameters
of the elbow joint in the sagittal plane while performing
specific motor tasks resembling basic daily living activities,
and identification of motion range norms in the examined joint
in a group of healthy subjects.

Material and methods

A group of 50 randomly selected people 68% females (N = 34)
and 32% males (N = 16) participated in the study. The study
group was selected at random and was not targeted. The ratio
of males and females in the study reflects the structure of the
studied student group illustrating the composition of the youth
population in our research. In addition, the average values of
movable parameters in subsequent activities were analyzed for
the compared groups allowing for an assessment of the afore-
mentioned parameters and a comparison of the average values
between the two groups. The age of the tested individuals was
from 21 to 25 years old, with the average age oscillating around
23 + 1.5 years. The biggest group was made up of individuals
aged 24 years. The detailed characteristics is shown in Table 1.

Table 1. Characteristics of the test group

Females [n = 34] Males [n = 16]

Mean Standard deviation Mean Standard deviation

Age [years] 23.2 1.4 23.0 1.5 0.308

The height of the participants ranged between 1.53 m and
1.90 m. The individuals who were 1.69 m tall made up the
biggest group. The body mass of the test subjects was
between 45-100 kg. The average value of the body weight
was 64 + 12.47 kg. Themean body mass index value (BMI)
fluctuated in the range of 22.06 + 3.03. The lowest rate for
this parameter was BMI = 16.33, while the highest reached
BMI = 27.78. The study’s eligibility criterion was lack of
defects within the upper limbs’ region. The individuals with
any history of upper extremity injury were excluded from
the study. None of the subjects did any systematic physical
activity involving the upper limbs.

www.fizjoterapiapolska.pl 95
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In the research Noraxon 1400 L system was used to register
signals from biomechanical sensors and the full data
analysis was performedvia MyoResearch XP Master
Edition software. The set-up of the measuringstation
(Figure 1) consisted of a table 74 c¢cm high, a chair 44 cm
high and a computer. The following items were als
outilized in the research project: a medical scale with
a height rod, a box 25.4 cm high, a plastic cup weighing
2.924 decagrams, a tissue, a VELCRO tape and other
materials for the purpose of EGM attachment. Point X was
marked 10 cm from the edge of the table, located exactly at
the extension of the sagittal plane of the shoulder girdle.
Prior to the testing, each of the participants was instructed
to sit on a chair facing the table, in an erect position
without leaning, with lower extremities joined and looking
straight ahead. The knee joints were to be placed under the
table top and the distance between the chair and the table
should have allowed for a slightly flexed elbow joint
position at the first movement of the upper limb. The test
group was requested not to converse or make any
additional movements.

A twin-axis electrogoniometer was attached using fibre
straps to the lateral aspect of the arm and forearm. The
participants were asked to supinatethe upper limb. Mobility
in the sagittal plane (flexion and extension) was assessed.
Figure 2 shows the positioning of two twin-axis
electrogoniometers: on the acromioclavicular joint and the
elbow joint, however the current paper focuses on the
elbow joint study only. At the beginning the participants
received detailed description of the tasks and were trained
on how to perform the exercises. The instructions
emphasized the need for replication of the exact
movements performed duringthe daily living activities.

The following sequence of tasks was carried out in the
study: 1. Placing the hand on a table. 2. Placing the hand
on a box. 3. Lifting a cup to the mouth. 4. Wiping the face
with a tissue. 5. Combing hair. 6. Placing the forearm
sideways on a table. These motions are examples of
functional tasks reflecting daily life activities of patients
with neurological disorders. The six actions listed above,
out of 17 activities described in The Wolf Motor Function
Test (WMFT) [2], allow to assess speed, quality and
strength of upper limb motor skills. The test provides
a reliable method wused in post-stroke or brain
injuredpatients focusing rehabilitation efforts on the
patient’s functional defects [3]. It allows to expose motor
deficiencies of upper extremities.

The WMFT consists of 17 tasks; 15 items demonstrating
the patient’s functional capabilities and 2 strength items.
All exercises are designed in a set sequence, starting with
proximal and finishing with distal upper limb parts. The
WMFT evaluates the speed of single and multiple
functional movements as well as assesses the individual’s
independence while performing basic daily life activities
[4]. In over 16 countries the WMFT constitutes the most
frequently used tool for preparation of rehabilitation
programs [5].
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Fig. 1. The measuring station Fig. 2. The positioning of EMG attachment

A SMART Analyzer program was used to process the data.
Figure 3 shows sample diagrams of the elbow joint in the right
and left upper extremity (of a randomized subject) for the six
activities performed.
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Fig. 3. The ranges of movement in the elbow joint: A-the right upper extremity, B-the left upper extremity (own material)

The results have been statistically analysed. The interrelation
of variables was evaluated by means of the Student's t-testand
non-parametric Mann-WhitneyU Test, whereas the Shapiro-
Wilk test was performed to test for normal distribution of the
measurablevariable.

Results

The use of an electrogoniometer allowed for taking a database de-
scribing the range of motion in a given pond and analyzing the pa-
rameters of the range of motion performed in individual activities.
In this study the mean range of movement + SD in the elbow
joint was assessed. In the first activity, for the right upper limb,
the mean flexion value in the elbow joint was 30.7 + 7.3, in the
second activity 49.1 + 9.2, in the third 56.54 + 7.8, while when
performing the forth activity, the mean value of the analysed
parameter was 71.3 + 8.5. In the remaining activities the mean
value reached 71.4 + 9.6 and 47.6 £+ 7.9 respectively (Table 2).
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Table 2. Statistical parameters of flexion in the right upper-limb elbow joint

Descriptive statistics [n = 50]

Median Min Max
Activity 1
Mean 30.7 31.3 17.2 46.3 7.3
Standard deviation 16.3 16.3 5.8 24 .4 39
Activity 2
Mean 49.1 49.2 30.0 75.8 9.2
Standard deviation 23.5 23.2 12.7 36.6 5.1
Activity 3
Mean 56.54 57.4 41.4 73.9 7.8
Standard deviation 322 32.6 3.1 43.1 5.7
Activity 4
Mean 71.3 70.7 53.1 93.1 8.5
Standard deviation 40.3 39.7 27.3 50.7 5.4
Activity 5
Mean 71.4 69.6 53.0 94.6 9.6
Standard deviation 39.8 40.2 27.0 52.3 5.6
Activity 6
Mean 47.6 46.9 32.2 71.0 7.9
Standard deviation 22.0 22.4 12.2 31.6 43

For the left upperlimb, in the first activity the mean value of
flexion was 33.9 + 7.1, in the second 38.3 + 7.8 and the third
57.8 + 7.8. In the fourth activity the mean value of the
analysed parameter reached 71.6 + 7.7 and in the remaining
activities 72.6 £ 8.9 and 49.1 £ 9.2 respectively (Table 3).

Table 3. Statistical parameters of flexion in the left upper-limb elbow joint

Descriptive statistics [n = 50]

Median Min Max
Activity 1
Mean 33.9 34.1 21.0 49.0 7.1
Standard deviation 17.4 17.9 8.9 26.1 35
Activity 2
Mean 38.3 36.5 25.7 58.7 7.8
Standard deviation 20.1 19.7 12.4 30.2 3.8
Activity 3
Mean 57.8 573 43.6 76.2 7.8
Standard deviation 32.9 33.2 21.5 38.9 3.7
Activity 4
Mean 71.6 71.8 52.4 88.9 7.7
Standard deviation 41.7 42.7 25.5 50.1 4.7
Activity 5
Mean 72.6 73.4 53.5 95.3 8.9
Standard deviation 41.4 42.4 22.3 49.5 5.5
Activity 6
Mean 49.1 49.2 30.0 75.8 9.2
Standard deviation 23.5 23.2 12.7 36.6 5.1
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In every activity, for both the right and left upper extremity,
the mean value of the elbow joint range of motion was
analysed, taking into account the participants’ gender. In
activities 3.4 and 5 there were statistically significant
differences found (p < 0.05) between the mean measurements
for the right upper-limb. The mean value was significantly
higher in the female group. In the other assessed activities of
the right upper extremity, no major differences were
observed.

An analysis of the mean movement range in the elbow joint of
the left upper-limb points to significant differences in the
mean measurements in activities 1, 2, 3 and 5 (p < 0.05). The
remaining activities where the left upper extremity was used,
did not produce any significant variance between the
compared groups.

The researchers also carried out an analysis of the mean mo-
tion range value in the elbow joint of the dominant limb indi-
cated by the participants. However, there were no significant
differences noted in any activity for this variable (Table 4).

Table 4. Correlation of parameters in the elbow’s range of motion according to the subject’s gender

Females [n = 34] Males [n=16]

SD 95% +95%, X SD -95%

The right upper-limb

Activity 1 313 16.8 28.7 33.8 29.5 15.3 25.5 33.4 0.423
Activity 2 35.6 19.8 32.8 38.3 33.8 17.3 30.1 37.4 0.440
Activity 3 58.7 33.7 56.4 60.9 52.1 29.2 47.5 56.6 0.004
Activity 4 74.0 42.0 71.2 76.7 65.8 36.6 62.1 69.4 0.001
Activity 5 74.2 41.6 71.3 77.2 65.4 36.0 60.3 70.4 0.003
Activity 6 48.5 22.7 45.8 51.2 45.8 20.5 41.5 50.1 0.265
The left upper-limb
Activity 1 35.5 18.6 33.2 37.8 30.5 14.9 26.7 34.3 0.018
Activity 2 40.0 21.4 37.2 42.8 34.8 17.5 31.7 38.0 0.016
Activity 3 59.9 34.3 57.3 62.4 53.3 30.1 49.6 56.9 0.008
Activity 4 72.6 43.1 70.0 75.3 69.3 38.7 65.1 73.5 0.157
Activity 5 74.8 42.9 72.0 77.6 68.1 38.2 63.2 73.0 0.011
Activity 6 50.1 24.4 46.8 533 47.2 21.6 423 52.0 0.309
Discussion

The proposed research method is an analytical tool for
studying human ranges of motion. It is worth mentioning that
it can replace many other tests or functional scales used so far
by physiotherapists and medical practitioners, and can deliver
meaningful, actual and reliable numerical data. The
application of electrogoniometers in a healthy, adult
population has provided valuable information on the changes
of joint angles in time [6].The use of an electrogionometer
also allows to monitor movement dynamics during specific
activities. The measurements presented in this paper resulted
in a collection of data on the kinematicsof the elbow joint
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motionobserved during performance of basic daily activities.
It is vital to understand the mechanisms behind normal and
weakened mobility in order to prompt functional
improvement.An electrogionometeris a helpful tool for
verification of standard and impaired motion patterns. The
resultant SD values acquired in the course of this study
indicate that it may be possible to set up kinematic parameters
in such way so they have normative function as norms.

In the specialist publications the data from the analysis of the
upper limb movement by means of an electrogionometer have
already been provided. In their research Guzik-Kopyto and her
colleagues specified the minimum and maximum values of
angles and the range of the elbow joint motion during
maximum force flexion and extension movements [7]. Piecko
also produced a similar study on this subject [8].

The above mentioned authors regard the mean flexion value in
the elbow joint of 111.93 as the maximum flexion, in our
study the mean value in all six activities ranged from 30.7 to
71.4 for the right upper extremity and from 33.9 to 72.6 for
the left. There are many studies where etectrogoniometers
have been used to measure angles in the upper limb joints in
a population of young, healthy and fit individuals practicing
weight lifting [9] or combat sports [10].

The use of EGM in the group of healthy subjects was intended
to illustrate the kinematics of the elbow joint. There is a need
to carry out more research using electrogoniometers; in many
studies electrogoniometric measures in the upper limb joints
have proven to be far more accurate than the ones taken with
a universalgoniometer [11].

Bereska et al. showed that the range of motion in the elbow
joint  when throwing a dart to a target using
electrogoniometers is in the range of 80-140° [12]. In turn,
other researchers used electrogoniometry to measure precise
hand movements. They came to the conclusion that a smaller
range of movement is required to grip larger tools [13]. The
proposed diagnostic method is also used in neurosurgery,
where kinematics of the wrist joint movement in carpal tunnel
syndrome can be assessed in office workers [14].

The current research used a number of simple movements
which derive from the Wolf Motor Function Test (WMET).
Following a stoke, patients suffer from muscle paralysis and
lose their ability to function normally. Proper diagnostics and
monitoring of the rehabilitation process are of paramount
importance [15, 16]. Many researchers deem it reasonable to
use the new diagnostic tool before and after rehabilitation for
evaluation of functional abilities of the upper extremity in post
stroke patients [17, 18, 19].

Restoration of the upper limb function after a stroke is a huge
challenge of the rehabilitation process. An increase in the
range of movement in the elbow joint usually occurs one year
after the stroke incident [20]. It is necessary to focus all
rehabilitation efforts on the patient reaching the highest degree
of self-sufficiency. With this in mind, it may be possible to
carry out comparative studies evaluating the ranges of motion
in the right or left upper limb joints of paretic stroke
patientsperforming simple everyday activities as per the
WMET test and with the application of electrogionometers.
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Conclusions

1. There was a correlation between the subjects’ gender and
the mean values of the motion range in the elbow joint in the
sagittal plane, which occurred in most tested movements for
both the right and left upper extremity.

2. There was no correlation found between gender and other
tested parameters.
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