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Abstract

Introduction. The study examines the problem of dominant arm function loss in rural adult patients due to work-related
accidents. The types of risks involved in farmyard work include falling from a height, manually moving loads, overturning/
accident whilst driving an agricultural tractor, noise and vibration, use of pesticides, and the risk of being cut or injured.
The study focuses on adaptation of the non-dominant arm.
Objective. The main aim of the study was evaluation of visual-motor coordination on the basis of performance of the nondominant hand in patients after the loss of function of the dominant arm.
Materials and method. The research sample consisted of 52 patients with a permanent or temporary loss of function or
severely limited function of the dominant arm. The subjects were patients with arm amputations due to various occupational
injuries sustained while operating agricultural and construction machinery and forestry equipment, following traumas or
complicated medical surgeries of the arm, or due to car accidents. The following tests were applied in the analysis: I) Dufour
cross-shaped apparatus test for assessing visual motor-coordination; II) paper-and-pencil tests and the Relay Baton motor
fitness test; III) anthropometric measurements; IV) Edinburgh Handedness Inventory; and V) a questionnaire survey.
Results. The results of the apparatus and motor tests indicate the same tendency: reaction to stimuli measured on the
basis of performance of the non-dominant arm is longer in shorter and older patients.
Conclusions. Visual-motor coordination, as measured by the performance of the non-dominant arm, is significantly affected
by the subject’s body height and arm length.
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INTRODUCTION
The development of modern civilization, mechanized
agriculture and forestry, and means of transportation and
industrialization, involves risks of traumas and subsequent
loss of function of the extremities. The number of amputees
and patients admitted to specialist clinics with medical
problems disturbing the proper function of the arms is on
the increase. It is still difficult to assess the precise number
of amputees worldwide [1]. In 2005, there were 1.7 million
amputees in the United States, and this number is estimated
to double by 2050 [2]. Every year, 185,000 amputations are
performed in the USA [3], and the cost of amputations carried
out in 2009 amounted to more than 8 billion dollars [4].
Similar reports on amputations in Europe and Asia are also
available [5, 6].
In the majority of the general population the dominant
arm is the right arm, which reflects the dominance of the
left cerebral hemisphere in performing motor tasks [7–10].
In the past, when knowledge on human neurobiology was
limited, left-handed children were often trained to use their
right arm for performing simple chores at home and at school.
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However, research shows that such practices failed to bring
a switch in the children’s handedness since, sooner or later,
they resorted to using their dominant arm [11, 12]. On the
other hand, the situation of amputee patients after permanent
loss of function of their (usually dominant) right arm can
generate some research interest. There have been very few
publications on this issue. A recent study proved that patients
with permanent loss of function of the dominant arm (due
to amputation) could attain the same level of performance of
the non-dominant arm as the dominant arm (e.g. in drawing
precision), if undergoing regular, intensive and long-term
training [13]. This can be an important indication for the
direction of rehabilitation of such patients.
Standard rehabilitation procedures for patients after the loss
of function of the arm are aimed, first of all, at maintaining
general fitness and maintaining or improving muscle
strength of the damaged arm. Another significant aspect
of rehabilitation is restoration of the range of motion of the
entire shoulder girdle as close as possible to the physiological
norm [14]. In amputee patients a parallel procedure is the
appropriate use of prostheses [15]. The present research
therefore deals with the situation in which a professionally
and socially active person has lost the manipulative functions
of the dominant hand in the course of daily and occupational
activities.
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OBJECTIVE

Table 2. Mean values of selected characteristics of patients aged 20–40
years

The main aim of the study was evaluation of visual-motor
coordination on the basis of performance of the non-dominant
hand in patients after the loss of function of the dominant
arm. The study intended to examine the relationship between
patients’ anthropometric parameters and the effectiveness
of patients’ training to perform motor tasks with the nondominant arm. The study also attempted to select the most
optimal medical equipment for assessment of patients’ visualmotor coordination in physiotherapeutic practice.

Item Characteristic (age bracket 20–40 years)

Mean value (from among
all examined patients in the
group)
X

Male – 16 (84.2%).
Female -3 (15.8%)

min-max
-

1.

Gender

-

2.

Age [years]

29.7

20–40

3.

Body height [cm]

175.5

160–190

4.

Body mass [kg]

73.7

54–92

-

-

Education

MATERIALS AND METHOD

5.

The research sample consisted of 52 patients with permanent
or temporary loss of function or severely limited function of
the dominant arm. The male subjects were patients with arm
amputations due to various causes, or following traumas or
complicated medical surgeries of the arm, which had led to
their temporary or permanent disability. They were mainly
victims of work accidents that occurred during operating
agricultural and construction machinery and forestry
equipment. In the female patients under study, the main
cause of their dominant arm function loss were car accident
injuries.
One-third of the examined patients were women. The
subjects’ mean age was 45.5 years, with body mass between
50 kg – 109 kg (mean 73.9 kg), and mean body height of 171 cm
(153 cm – 194 cm). More than 60% of subjects had a vocational
and secondary education (32.7% and 30.8%, respectively).
They included chainsaw operators, construction workers,
glaziers and other physical workers following occupations
involving upper limb-threatening conditions. Subjects with a
higher education constituted about 25% of the sample, while
the remaining subjects (13.4%) had an elementary education.
Table 1. Mean values of selected characteristics of the study sample
Mean value (from
among all examined
patients in the group)

Item Characteristic

X
1.

Male – 36 (69.2%).
Female – 16 (30.8%)

Gender

min-max

-

-

Age [years]

45.5

20–84

3.

Body height [cm]

171

153–184

4.

Body mass [kg]

73.9

50–109

-

-

Education

6.

Elementary 13.4%.

Vocational 32.7%.

Secondary 30.8%.

Higher 23.1%

Time after loss of function of the dominant arm
[days, years]

2.8 years 1 day-33 years

Patients’ self-assessment of eyesight
7.

Very good
Good 19.3%.
28.8%.
Poor 0%

8.
9.

Good +
corrective lenses
42.3%.

-

-

Very poor 9.6% -

Right-, left-handedness
Right – 100% l-0%
Dominant arm length [cm]

Vocational 36.8%.

Secondary 26.3%.

Higher 26.3%

Table 3. Mean values of selected characteristics of patients aged 41–60
years
Item

Characteristic
(age bracket 41–60 years)

Mean value (from among all
examined patients in the group)
X

min-max

-

-

Male 69.2%
Female 30.8%

1.

Gender

2.

Age [years]

52.8

41–60

3.

Body height [cm]

169.9

153–192

4.

Body mass [kg]

76.1

55–109

-

-

Education
5.

Elementary 11.5%

Vocational 38.5%

Secondary 30.8%

Higher 19.2%

Table 4. Mean values of selected characteristics of patients above 60
years of age
item

Characteristic (patients above 60 years
of age)
Male 28.6%
Female 71.4%

Mean value (from among all
examined patients in the group)
X

min-max

-

-

1.

Gender

2.

Age [years]

66.7

61–84

3.

Body height [cm]

163

160–175

4.

Body mass [kg]

64.9

58–78

-

-

Education

2.

5.

Elementary 10.6%.

82

68–97

5.

Elementary 14.3%.

Vocational 0.

Secondary 57.1%.

Higher 28.6%

All subjects were right-handed; 42.3% declared their eyesight
as good but requiring corrective lenses. The mean number
of years of loss/reduction of function of the dominant arm
in the patients was 2.8 years.
Assessment of the adaptation abilities in patients after the
loss of function or with limited function of the dominant arm
focused on the analysis of visual motor coordination. The
adaptation ability was understood as an ability to adjust to
new motor conditions. The studied parameter of visual-motor
coordination consisted of movements of the non-dominant
hand. The research methods included:
Apparatus tests for assessment of patients’ coordination
abilities. Patients’ visual motor coordination was assessed
using the Dufour Cross-Shaped Apparatus (Alfa-Electronics)
(Fig. 1)
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      Figure 1. Dufour Cross-Shaped Apparatus.

The Dufour Cross-Shaped Apparatus is a compact
device with a front panel with 49 buttons, surrounded by
light-emitting stimuli. The stimuli are placed on either
side and on the top of the panel. Subjects must press the
button that corresponds to the two lamps from horizontal
and vertical lines that are lit at the same time, testing their
reaction to the light stimuli. [15–17]. Each patient carried
out three trials at a random rate and at set rates of 30 and
40 light stimuli per minute. The obtained data on patients’
individual, mean and total reaction times, number of errors,
minimal and maximal reaction times, and stimuli which
yielded errors were processed by a computer.
Functional tests for assessment of patients’ coordination
abilities. ‘Paper-and-pencil tests’ involving copying two
geometric drawings with the non-dominant hand: a circle
(‘Circle Test’) and an atypical square (‘Atypical Square Test’)
on forms within two solid lines (Figs. 2 and 3). The drawing
time was measured with a stopwatch, and the number of
errors, i.e. deviations from the course within the lines, was
counted for each subject.

   Figure 3. The form used in the Atypical Square Test

performed in a standing position. The time of test performance
was measured with a stopwatch.

Figure 4. Execution of the Relay Baton test

The Relay Baton test is the authors’ own motor test for
assessment of coordination abilities. It consists of imitating
a sequence of movements demonstrated by the examiner.
The sequence used in the test indicates effectively the level of
development of coordination abilities of the non-dominant
hand.
Anthropometric measurements. The arm length was
measured between the acromion /a/ and the dactylion iii /
da iii/ (a-da III), whereas the body height was measured as
the length between the vertex /v/ and the base on which the
patient was standing /B/ (B-v). The measurements were made
with the anthropometric tape [24].

    Figure 2. The form used in the Circle Test

The two functional tests were based on the Developmental
Test of Visual-Motor Integration (an improved version of
the Beery-Buktenica Developmental Test of Visual-Motor
Integration) and the Visual-Motor Coordination Test
assessing visual-motor perception [18–23].
The Relay Baton motor test consisting of moving back and
forth a 40-cm long ‘relay baton’ (6 cm in diameter, 0.2 kg)
held in the hand of the extended non-dominant arm, as fast
as possible without visual control (Fig. 4). The test was

Edinburgh Handedness Inventory (EHI). A questionnaire
assessing the degree and type of lateralization, consisting
of 10 items describing the use of the appropriate hand to
perform activities of daily living [25–28].
Survey questionnaire. The authors’ own survey questionnaire
was used to obtain data on patients’ health state.
The methodology and study protocol were approved by the
Bioethical Committee of the Poznań University of Medical
Sciences on 8 October 2009.
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RESULTS
The processing of results involved two statistical analyses.
The first considered the subjects’ age, and the other, selected
anthropometric parameters. In the first analysis, the subjects
were divided into three age groups:
–– from 20 – 40 years of age (Group 1);
–– from 41 – 60 years of age (Group 2);
–– over 60 years of age (Group 3).
Since in statistical analysis three groups were compared
at the same time, a non-parametric Kruskal-Wallis test was
applied, which revealed statistically significant differences
(Tab. 5).
Table 5. Comparison of results in three age groups together
Age groups

Result

Significance
level p

Motor test Circle Test

Group 1 and Group 3

H=
10.88

p ≤ 0.01

Motor test Atypical Square Test

Group 1 and Group 3; H =
Group 2 and Group 3 10.86

p ≤ 0.01

Motor test Relay Baton Test

Group 1 and Group 3; H =
Group 2 and Group 3 11.20.

p ≤ 0.01

Apparatus Random rate – mean
test
reaction time

Group 1 and Group 2; H =
Group 1 and Group 3 15.50.

p ≤ 0.001

Apparatus Random rate – total
test
reaction time

Group 1 and Group 2; H =
Group 1 and Group 3 18.19.

p ≤ 0.001

Apparatus 30 stimuli/min.-mean
test
reaction time

Group 1 and Group 2; H =
Group 1 and Group 3 16.44.

p ≤ 0.001

Test type

Test

Apparatus 30 stimuli/min. – total
Group 1 and Group 2
test
reaction time

H=
8.01.

p ≤ 0.05

Apparatus 40 stimuli/min. – total Group 1 and Group 3; H =
test
reaction time
Group 2 and Group 3 9.79.

p ≤ 0.01

H=
9.26.

p ≤ 0.01

Apparatus 40 stimuli/min. –
Group 1 and Group 3
minimal reaction time
test

The results clearly show that younger subjects performed
coordination exercises faster and with greater precision.
The subjects’ anthropometric parameters in the second
analysis included:
–– body height (Parameter 1);
–– non-dominant arm length (Parameter 2), between the
acromion and the dactylion III.
Spearman’s rank correlation coefficient used in the analysis
revealed statistically significant correlations between the
results of the following:
–– Circle Test and Parameter 1 (p ≤ 0.01; R = – 0.381795);
–– Atypical Square Test and Parameter 1 (p ≤ 0.05; R = – 0.34);
–– Relay Baton Test and Parameter 1 (p ≤ 0.001; R = – 0.53).
–– Apparatus Test – mean reaction time at a random rate and
Parameter 1 (p ≤ 0.05; R= – 0.31). These results indicate
that shorter persons required more time to perform the
test at a random rate;
–– Apparatus test – total reaction time at a random rate and
Parameter 1 (p ≤ 0.01; R = – 0.38);
–– Apparatus test – mean reaction time at 30/min
and Parameter 1 (p ≤ 0.05; R = – 0.31);
–– Apparatus test – minimal reaction time at 30/min
and Parameter 1 (p ≤ 0.05; R = – 0.34).

The relationships between subjects’ body height and results
of all three types of applied fitness and apparatus tests show
that tall patients required less time to perform all the testing
procedures.
–– Circle Test and Parameter 2 (p ≤ 0.01; R = – 0.41);
–– Atypical Square Test and Parameter 2 (p ≤ 0.01; R = – 0.35);
–– Relay Baton test and Parameter 2 (p ≤ 0.001; R = – 0.53);
Comparison between the non-dominant arm length and
results all three types of motor tests showed that patients
with shorter arms required more time to perform specific
testing procedures.
DISCUSSION
Research on adaptation in the case of disabilities caused by
a temporary or irreversible loss of function of the dominant
hand has been relatively recent. It is therefore rather difficult
to compare the presented selection of methodology and
analysis of results with those by other authors. So far, only
Phillip and Frey have tackled the subject in their MRI study
of brain function during movements of the non-dominant
arm [14]. Although studies on visual motor coordination (a
determinant of adaptation in the present study) in medical
sciences have been conducted before [29, 30], they rarely
concerned aspects of loss of function of the dominant hand
[31, 32].
However, there have been a substantial number of
research publications on work-related accidents in rural
areas in different parts of the world [33–35]. Researchers
have also established a number of classifications of
accidents, including injuries of the upper extremity [36,
37]. The types of risks involved in farmyard work include
falling from a height, manually moving loads, overturning/
accident whilst driving an agricultural tractor, noise and
vibration, use of pesticides, and risk of being cut/injured [38].
Unfortunately, these accidents do not happen only to rural
adults performing various works, but also to children. These
problems must be addressed, proper school programmes
should be provided and access to hazardous equipment
should be restricted [39]. All these measures must lead
to an awareness that occupational accidents and injuries
in agriculture have serious psychological and economic
consequences [40, 41].
Interpretation of the results of the presented study was
based on the calculation of statistically significant differences
between the results of functional and motor tests (Circle,
Atypical Square, Relay Baton tests) and apparatus tests
(random rate, 30/min, 40/min). The results confirm that
the best visual motor coordination (understood as the body’s
adaptation) following the loss of function in the dominant
hand can be expected in patients from the youngest age
group (professionally active), and the worst in patients over
60 years of age. Statistically significant differences were found
between these two groups, between patients’ age and test
results. Similar observations were made regarding a group of
patients aged 41 – 60 years of age. A lack of such differences
can be justified by the wide age span in the oldest group of
patients. In almost all cases, a characteristic tendency of
decreasing visual motor coordination with age could be
noted, i.e. longer times of reaction to specific stimuli and
performance of motor tasks.
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The presented study also examines the possible influence
of two anthropometric parameters (body height and length
of the non-dominant arm that performed given motor
tasks in able-bodies and disabled individuals) on visual
motor coordination. The study results show that structural
predispositions of the human body determine the proper
quality of movements indicating the level of visual motor
coordination in the examined study sample.
Analysis of both parameters in the study sample showed
that tall persons with long arms performed new motor
tasks faster with their hitherto less active non-dominant
upper extremity (i.e. the adaptation process advanced
more effectively). This is reflected by statistically significant
correlations between test results and body height or arm
length. It is important that body height appears to be a ‘more
significant’ parameter in the examined group of individuals,
as indicated by correlations with all fitness test results (Circle
Test, Atypical Square Test and Relay Baton Test) and the
majority of apparatus test results (random rate and 30/
min). The most significant indices in the presented study
included total reaction time and minimal reaction time. As
for relationships with the other parameter, i.e. non-dominant
arm length, significant correlations were only revealed for
the motor fitness tests.
Results of the analysis of the influence of anthropometric
parameters on visual-motor coordination in patients after
the loss/significant reduction of function of the dominant
arm seem to indicate that shorter persons have generally
lesser possibilities of adaptation. A similar study on a larger
research sample could be a significant indication for modern
neurorehabilitation in which recovery from injuries is related
to changes in brain organization. The obtained results are
‘averaged out’; therefore, there may be shorter persons
with a high level of adaptive abilities as well as tall persons
experiencing difficulties in performing motor tasks using
their non-dominant arm.
The presented research was a valuable experience which
yielded some unexpected conclusions. The measurement
procedures were themselves exercises that can be effectively
used in standard hospital treatment of these patients. Among
the applied measurements the easiest to perform in each age
group of patients were motor tests, being a sort of ‘warm-up’
before objective measurement tests using the cross-shaped
apparatus. Some of the examined patients reported that
the motor activity imposed by the examiners on their left
hand (all of them were right-handed) was the first such an
attempt in their life. Even the effort to sign their consent to
participate in the experiment with their non-dominant hand
was a valuable and satisfying rehabilitation exercise for them.
If the testing protocol described above is treated as a
normal rehabilitation session, then the ‘warm-up’ consisting
of motor tests was followed by the main exercises comprising
visual motor coordination training using the cross-shaped
apparatus. Although the apparatus is most commonly used
in psychology and occupational medicine [15], it turned
out to be a very good, portable and practical rehabilitation
device. The apparatus tests constituted, indeed, an interesting
experience for the patients.
The research subject of the study aroused great interest
among the participating patients and medical staff. The
study sample, especially the male subjects, constituted a very
specific group. They were usually young or middle-aged males
who were the bread-winners in families with many children,

who could have worked for many years had it not been for
the accident and resulting injuries. Despite many safety
developments in agriculture or forestry, work accidents in
these areas cannot be entirely eliminated. Therefore, efffective
procedures and solutions in medical rehabilitation must be
implemented.
CONCLUSIONS
The study provided good grounds for assessment of visual
motor coordination in three age groups of patients with
regard to two anthropometric parameters. The results show
obviously that not only the patient’s age, but also body height
and arm length are crucial for determining the level of visual
motor coordination, as manifested by movements of the nondominant hand; the level of adaptation was much higher in
the youngest and tallest studied patients.
The study can be also beconsidered to be of a utilitarian
character as the applied testing methods proved to be useful
tools for the assessment of visual motor coordination in
physiotherapeutic practice.
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