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Background: Activities of daily living require balance in the oblique direction and persons with neurological
disorders have balance issues in the oblique direction for performing functional tasks. There is a dearth of
literature for assessing dynamic balance in the oblique direction.
Objectives: To establish and report reference values for oblique direction reach tests and to assess the validity
and reliability of the oblique direction reach test in Saudi young adults.
Methods:  Two hundred and six medical students (120 males, 86 females) were recruited by random sampling for
this study.  Subjects were measured for distance reached in the oblique, forward, and lateral directions on graph
paper, which was mounted on a white board.
Results: The mean and standard deviation for the oblique direction reach was 22.06  7.17 cm.  A positive
correlation was observed between oblique reach and height with and r - value of 0.56  (P < 0.01). The intra and
inter-rater reliability was shown with intraclass correlation coefficiency values of 0.97 and 0.86, respectively
(P < 0.001). Concurrent validity with the forward reach test and lateral reach test were shown with  r - values of 0.78
and 0.73, respectively (P < 0.01).
Conclusion:  We established the normal values for oblique direction reach tests in Saudi young adults.  This test
is valid and reliable for measuring the limits of stability in the oblique direction.
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Balance is the capacity to control the center of
mass in association to the base of support. (1) Balance
is a complex process that involves the integration of
information from the visual, vestibular, somatosensory,
and musculoskeletal systems, and also from higher
centers like the brain. (2)  Balance can be classified as
static and dynamic balance.

Balance is required for maintaining a static posture
or for stabilizing a dynamic movement.  Therefore, it
is a critical component for performing daily activities
independently. (3)  People with different neurological
pathologies such as stroke, traumatic brain injury,

Parkinson’s disease, multiple sclerosis, cerebellar
disorders, cerebral palsy, and intellectual disabilities
demonstrate impaired balance.  Lack of balance has
a profound impact on daily life in performing tasks
that are potentially destabilizing such as reaching,
lifting, and leaning.(1)

Physical therapy rehabilitation programs focus
to restore this balance and thereby improve the
activities of daily living.  In the clinical setting, valid
and reliable outcome measures are available to detect
the changes in balance performance.(4)

The gold standard method of assessing
balance is by computerized posturography, but it
requires sophisticated and expensive equipment and
is not commonly available everywhere.(5) There are
other clinical measures used in the clinical setting for
assessing balance from a functional perspective,
they are the Berg Balance Scale, Timed Up and Go
Test, Performance Oriented Mobility Assessment,
Functional Reach, and Lateral Reach Tests. (1)
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The Functional Reach Test (FRT) is the valid and
reliable clinical measure developed by Duncan PW,
et al., which assess dynamic balance and indirectly
measures the limits of stability. (6, 7) It investigates
the maximum distance a subject can reach while
maintaining a stable base of support in the forward
direction.  The Lateral Reach Test (LRT), developed
by Brauer S, et al. (7), assesses the limits of stability
in the medio-lateral direction. Newton developed
the multi-directional Reach Test which is a valid
and reliable measure.  This test is used to measure
the extent of balance in the forward, backward, right
lateral and left lateral directions in elderly people. (8)

Studies also have conducted functional and lateral
reach tests to establish normative data in children aged
between 6 - 12 years. (9)

However, in activities of daily living the reaching
is neither exactly in the forward direction nor exactly
in the lateral direction.  Most of the time the reach
is in the oblique direction for kitchen activities,
office desk tasks, and sports events. Based on these
observations only, the famous physical therapy
approach named Proprioceptive Neuromuscular
Facilitation was developed by Knott and Voss. They
made their patterns of facilitation in the diagonal
and spiral directions rather than in pure coronal or
frontal or transverse plane movements. (10)

A recent study on a chronic stroke population
had assessed their weight shift in eight different
directions including the oblique direction. While
reaching all these directions, they measured the
center of pressure excursions.  As per their findings,
the lowest movement of the center of pressure was
observed in the affected side in the posterior lateral
direction followed by the affected side in the posterior,
and then the affected anterior lateral direction.  These
findings also indicate that the reach in the oblique
direction is more affected than the pure anterior or
lateral directions. (11)

Hence a clinical balance tests examining the limits
of stability in the oblique direction is needed.  The
testing should reflect the ability to control the body
in the oblique direction. After thorough searching
of the literature, we found that there is a dearth of
research regarding an oblique reach testing as an
isolated balance measurement.  The aim of the current
research was to develop oblique direction reach test
(ODRT) and to report its psychometric properties.

Materials and methods
Participants

This observational study was approved by the
research ethics committee, King Khalid University
(REC # 2016-08-29). The total number of subjects
was 206, of these 120 were males and 86 were
females.  All of them were medical students and were
recruited for the study by the random sampling method
using a random number table. Both gender subjects
with ages of 20 – 23 years  were included in the study.
All of them were medical students and their average
age was 21.41  1.11 years.  Exclusion criteria were
subjects who could not  sustain raised arms at 90 of
the oblique direction, had a history of back or lower
extremity surgery, had musculoskeletal problems,  had
muscular weakness, or had any deformities.

Measurements
Written consent form were obtained from the

subjects who were interested and agreed to participate
in the study after an explanation of the purpose of the
study. All of the subjects underwent measurements
for the in height, and weight with a stadiometer and
weighing machine respectively. Body mass index
(BMI) were calculated with the values of height and
weight. Upper limb length was measured from the
anterior angle of the acromion to the tip of the radial
styloid process. (12)  Lower limb length was measured
from the anterior superior iliac spine to the medial
malleolus in centimeters.(13)  The distance between
the anterior superior iliac spine to the acromion process
was considered the trunk length and measured by inch
tape and the value taken in centimeters.(14)

Procedure
Graph paper was pasted to a movable

whiteboard. (15)  The subject was standing in a relaxed
position with legs shoulder width apart without shoes.
The whiteboard was arranged 45 degrees from
the forward center in the anterior-lateral direction.
The subjects were asked to raise their right arm to
90 degrees in the oblique anterior-lateral direction
between flexion and abduction.  The arm should be
parallel with the graph paper on the whiteboard.  The
placement of a pen mark at the end of the tip of the
third metacarpal along the graph paper was recorded
as the starting position.  Individuals then reached as
far obliquely as they could reach without taking a step,
touching the board, lifting heels, or bending knees.
They kept the hand along the graph paper for 2 - 3
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seconds. The placement of a pen mark at the tip of
the third metacarpal on the graph paper recorded  the
end position. The distance between the two positions
was measured in centimeters. The details of the
ODRT procedure can be seen in Figure 1. Initially, all
the subjects were given a practice trial, followed by
three actual trails. The average of the 3 trails was
taken for data analysis purposes. The forward and
lateral reaches were done in a similar fashion, only
the board position  was changed to anterior or lateral
to suit the reach direction.

After measuring the reach distance in the forward,
lateral, and oblique directions, subjects took a
10-minute period of rest and researcher measured
the distance in the oblique direction for three trails
and the average was taken for analyzing intra-rater
reliability. Another researcher measured in the
distance in the oblique direction the next day for
analyzing inter-rater reliability.  Concurrent validity of
the ODRT was done with the values of forward reach
distance and lateral reach distance.

Figure 1. Oblique direction reach test measurement procedure. (A) Start Position (B) End Position.
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Statistical analysis
Statistical Package for Social Science version

21 was used for analysis and P < 0.05 at 95 %
confidence interval (CI) was kept as significant. Mean
and standard deviation (SD) of demographic data,
upper limb length, lower limb length, trunk length, and
the reach distances were analyzed using descriptive
statistics. The correlation of oblique reach with height,
weight, BMI, gender, upper limb length, lower limb
length, and trunk length was analyzed by Pearson
correlation and with regression analysis.  Inter-rater
and intra-rater reliability was analyzed by intraclass
correlation coefficient (ICC) and Bland-Altman
graphs.  We analyzed the concurrent validity of oblique
reach with forward reach and lateral reach using ICC.
The mean and standard deviation of males and females
were compared using unpaired student t - test.

Results
The demographic characteristics like height,

weight, body mass index, upper limb length, trunk
length, and lower limb length were analyzed using
descriptive statistics and their mean  SD values were
reported in Table 1.

ODRT was measured in centimeters and
the minimum reach value obtained was 9 cm and
maximum reach value was 42.5 cm. The total
mean  SD of oblique reach distance was 22.06 
7.17 cm.  The details of each age and gender group
are shown in Table 1.  Comparison of oblique reach
distances between males and females was
performed with unpaired student t - test, and there
was a significant difference between males and
females in reach distance (P < 0.001).  The males
had greater oblique reach distances than the females.

The correlation between height, weight, body mass
index, upper limb length, trunk length, lower limb
length, and oblique reach distance was done using
Pearson correlation coefficient.  There was a modest
correlation observed between height, lower limb
length, and upper limb length, with oblique reach
distance with r - values 0.56, 0.45, and 0.38,
respectively (P < 0.001).  The details of all the
correlations are provided in Table 2. Regression
analysis revealed  there are no factors affecting the
oblique direction reach. The details of regression
analysis are shown in Table 3.

Table 1. Mean  standard deviations of demographic characteristics and oblique direction reach values for male, female
and total subjects of the study.

Age Gender No. Height Weight BMI ULL TL LLL ODRT
S (Meters) (kg) (kg/mt2) (cm) (cm) (cm) (cm)

20 Male 26 1.69  0.07 69.12  15.39 24.04  5.04 58.79  8.53 48.46  3.00 92.52  4.05 24.57  6.73
Female 33 1.57  0.06 56.03  10.80 22.18  4.22 52.86  3.09 47.89  9.33 83.70  7.56 15.81  3.47
Total 59 1.63  0.09 61.80  14.47 23.00  4.65 55.47  6.74 48.14  7.21 87.58 7.62 19.67  6.74

21 Male 31 1.71  0.05 73.19  16.21 25.09  5.08 57.19  2.26 48.61  3.39 91.90  4.86 24.73  5.56
Female 15 1.55  0.04 53.37  12.72 21.60  4.34 52.93  2.62 45.17  4.54 84.93  4.02 18.11  4.73
Total 46 1.66  0.09 66.73  17.72 23.95  5.08 55.80  3.10 47.49  4.09 89.63  5.63 22.57  6.11

22 Male 34 1.72  0.19 72.34  16.53 24.84  6.33 57.06  3.02 48.79  3.48 91.09  4.15 26.40  6.94
Female 23 1.56  0.04 54.02  12.85 21.52  4.79 53.33  3.08 45.17  4.20 84.74  2.61 18.12  4.41
Total 57 1.66  0.17 64.95  17.55 23.50  5.95 55.55  3.54 47.33  4.16 88.53  4.77 23.06  7.27

23 Male 29 1.69  0.05 75.34  17.24 26.28  5.69 57.66  2.72 50.84  3.03 91.07  4.16 27.40  6.86
Female 15 1.58  0.04 58.67  14.39 23.07  4.96 53.81  3.82 47.97  2.68 84.47  4.00 15.74  2.79
Total 44 1.65  0.07 69.66  18.03 25.18  5.61 56.34  3.60 49.86  3.20 88.82 5.15 23.42  8.02

Whole Male 120 1.70  0.11 72.59  16.32 25.08  5.59 57.61  4.61 49.17  3.35 91.60  4.31 25.81  6.56
Whole Female 86 1.57  0.05 55.49  12.28 22.06  4.48 53.16  3.12 46.70  6.62 84.33  5.37 16.82  3.98
Total Total 206 1.65  0.11 65.45  16.99 23.82  5.35 55.75  4.61 48.14  5.11 88.57  5.97 22.06  7.17

Note: BMI: Body Mass Index; LLL: Lower Limb Length; No. S: number of subjects; ODRT: Oblique Direction Reach
Test; TL: Trunk Length; ULL: Upper Limb Length
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The psychometric properties like intra-rater
reliability, inter-rater reliability, and concurrent validity
were analyzed. The intra-rater reliability analysis
showed a strong intraclass correlation with an r - value
of 0.97 (95% CI 0.96 to 0.98) with a significance value
of less than 0.001.  The results of intra-rater reliability
are shown in the Bland-Altman plots in Figure 2.
This plot shows consistency between the two
measurements made by the same researcher as most
of the values came within the upper and lower limits
of mean differences.

The inter-rater reliability analysis  showed a high
intraclass correlation (r - value 0.86, (95% CI 0.71 to
0.93) (P < 0.001). The results of inter-rater reliability
are shown in the Bland-Altman plot in Figure 3. This
plot shows consistency between two measurements
taken by two different researchers as most of the
values came within the upper and lower limit of mean
differences.

The concurrent validity was calculated between
forward reach and oblique reach, lateral reach and
oblique reach distances, and their r - values were 0.78
and 0.73, respectively, showing the high concurrent
validity for the ODRT.

Discussion
Based on the normal patterns of functional

movements we have designed this innovative ODRT.
Performance of functional tasks such as operating an
elevator, handling kitchen appliances, reaching for
shelves, eating with a fork, operating a wall-mounted
phone all require balance.(16)  This balance is based
on the limits of stability, which means the maximum
distance a person can displace the center of gravity
out of the base of support from a midline vertical
position in any direction without losing balance or taking
a step or any support.(17)

The oblique reach test assesses one’s ability to
displace their center of gravity out of    the base of
support in an oblique direction without taking a step
or taking any kind of support. In the study of the Park
SH, (11)  he assessed center of pressure excursions
among chronic stroke patients in various directions in
standing positions. The various directions involved
were anterior, anterior-lateral, lateral, posterior-lateral
and posterior of the affected and non-affected side.
They found that the most common direction affected
was posterior followed by posterior-lateral followed
by anterior-lateral. Even though posterior and

Table 2. Correlation r - values between subject characteristics and oblique reach distance.

Variable Oblique reach distance (n = 206 subjects)
r - value P - value

Gender - 0.62 < 0.001
Age 0.19    0.01
Height 0.56 < 0.001
Weight 0.35 < 0.001
Body Mass Index 0.19    0.01
Upper Limb Length 0.38 < 0.001
Trunk Length 0.22 < 0.001
Lower Limb Length 0.45 < 0.001

Table 3. Regression analysis values for comparison between demographic characteristics and oblique reach distance.

Variable Oblique reach distance (n = 206 subjects)
B SE  Significance

Gender - 6.48 1.26 - 0.45 < 0.001
Age 0.73 0.36 0.11 0.04
Height 22.07 15.88 0.26 0.17
Weight - 0.10 0.13 - 0.23 0.47
Body Mass Index 0.24 0.36 0.18 0.51
Upper Limb Length 0.06 0.12 0.04 0.63
Trunk Length 0.04 0.09 0.03 0.66
Lower Limb Length 0.00 0.11 0.00 0.97

Note: B: Unstandardized Beta; : Standardized Beta; SE: Standard Error
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posterior-lateral direction reaches were most affected,
in day-to-day life reaching in these directions is not
very common. So measuring forward and lateral
displacements without oblique displacement not
accurately estimate the patients balance involvement.

Ganesan M, et al., conducted a study on finding
the limits of stability in various directions among
subjects with multiple sclerosis and healthy controls.
They assessed center of gravity sway on limits of
stability tests in eight directions: forward, forward right
(oblique), right (lateral), backward right, backward,
backward left, left (lateral), and forward left (oblique).
In all of these directions, they measured reaction time,
movement velocity, endpoint excursion, maximal
excursion, and direction control. The authors found
less reaction time and direction control, more endpoint
excursion and maximal excursion in the oblique reach
direction than the forward and lateral reach directions
both in subjects with multiple sclerosis and healthy

controls. (18) These observations also stress the
importance of measuring oblique direction reach
distances.

Liaw MY, et al. also conducted a similar study to
test the limits of stability on computerized dynamic
post-urography in 107 youths, middle-aged, and elderly
healthy individuals.  They tested the limits of stability
in eight different directions: forward, right-forward
(oblique), right (lateral), right-backward, backward,
left-backward, left (lateral), and left-forward (oblique).
In each direction, they measured reaction time, and
direction control. The reaction time was less in the
right and left-forward than forward in all the age
groups. The directional stability of right and left-
forward direction was less than the forward and lateral
directions in all the age groups.(19)  This also provides
distinctness of measuring oblique direction reach
distances.

Figure 2. Oblique direction reach test intra-rater reliability. (r = 0.97; P < 0.001)
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A contemporary study was done to assess the
limits of stability in people aged 20 to 79 years. They
assessed multidirectional reach in various directions:
forward, rightward, backward, and leftward reach.
The mean  SD of age, weight, height, and body mass
index for people who were in the 20 to 29 years group
was 21.60  1.80 years, 160.10  5.20 cm, 55.30 
6.30 kg, 21.60  2.00, respectively. (20)  In our study,
the mean SD  of age, weight, height, and body mass
index for people who were in the 20  to 23  years
group was 21.41  1.11 years, 165 11 cm, 65.45 
16.99 kg, 23.82  5.35, respectively. The forward and
lateral reach distance mean  SD values were 28.3 
8.1 cm and 17.9  5.2 cm in their study. When we
compared our study values, their reach distances  were
similar to be oblique direction reach distances in this
study with a mean  SD of 22.06  7.17 cm.

The effect of height, upper limb length, and lower
limb length on reaching in an oblique direction

demonstrated positive moderate correlations
(P < 0.001). Among them, the height had more of an
effect with an r - value of 0.56, which means that the
taller the subject the longer their reach. When we
compared the mean  SD of oblique direction reach
distances between genders we found that males have
greater oblique direction reach distances than females.
This could be due to stature differences between
genders, that is, males have greater height, upper limb
length, and lower limb length when compared to the
females, so they might have performed better in
reaching (Table 1). Similar male-female differences
and the effect of height on reach distances were also
observed in one study done on Brazilians. (21)

The intra-rater reliability of the functional reach
test was assessed in 1161 subjects by Rockwood K,
et al. and they got a high intraclass correlation
coefficient (ICC) value of 0.92. (22)  The test re-test
reliability of lateral reach tests assessed in 60

Figure 3. Oblique direction reach test inter- rater reliability. (r = 0.86; P < 0.001)
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elderly women showed an r - value of > 0.94.(23)   Even
in our study, we got a high ICC values for intra-rater
reliability of  0.97, showing the consistency of this
test. The inter-rater reliability of forward reach was
assessed in stroke and healthy subjects by Martins
EF, et al. They found good and moderate reliabilities
of ICC values of 0.787 and 0.653 in stroke and healthy
subjects, respectively. (24)  In our study, we found good
inter-rater reliability with an ICC value of 0.856. This
shows good reusability of this test among the
therapists.

The founders of functional reach, Duncan PW,
et al. assessed the concurrent validity of functional
reach in comparison with the center of pressure
excursion and reported an r - value of 0.71.(25)  The
lateral reach test concurrent validity was assessed
in comparison with the Fastrack machine and
they got an r - value of 0.65.(23)  We assessed the
concurrent validity of the ODRT values by comparing
it with forward reach values and lateral reach values
and we found r - values of 0.78 and 0.73, respectively.
This shows the good validity of the test.

The limitations of the current study were the
inability  to cover all the age groups and different areas
in the country for data collection, and the inability to
compare the oblique direction reach values with more
sophisticated equipment, like balance master or
force plates. Future studies should be conducted in a
multicentric manner on all the age groups. The validity
comparisons should be done with the center of
pressure excursions.

Conclusion
The oblique direction reach test is a unique test

which can assess functional balance. The current
study conducted this test on 206 healthy individuals
(120 males and 86 females) aged between 20 - 23
years.  The normative values were presented for each
age group, the average oblique direction reach distance
observed among them was 22.06  7.17 cm. The intra
rater and inter-rater reliabilities were excellent and
good with ICC values of 0.97 and 0.856, respectively.
The concurrent validity of this oblique direction reach
test was compared with forward reach values and
lateral reach values and we found good validity with r
- values of 0.78 and 0.73, respectively.
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