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ARTICLE INFO ABSTRACT
Keywords: Background: Limits of stability is required to perform functional activities and other advanced
Balance tasks of life without losing balance, and assessment of limits of stability is essential in clinical
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practice. Forward, Lateral, and Oblique direction reach tests are clinical balance tests that assess
limits of stability, and these reach distances in various directions may be symmetrical or asym-
metrical. The aim was to establish the symmetry between various reach distances on three reach
tests and to establish the concurrent validity of oblique, forward, and lateral direction reach test
distances with limits of stability measured by the Iso Free machine of TecnoBody company.
Methods: The measurements of oblique, forward, and lateral reach tests and limits of stability
excursions of center of pressure were taken in eight directions on Iso Free machine of Techno
Body in fifty typical college-going young adults who were recruited through convenience sam-
pling. Pearson correlation test was used to find the relationship between forward, lateral, and
oblique direction reaches and limits of stability in forward, lateral, and oblique directions.
Regression analysis was used to find the factors influencing the forward, lateral, and oblique
reach tests. Results: The reach distances were symmetrical, and out of the three tests, the lateral
and oblique direction reach tests have a moderate positive correlation with limits of stability test
in lateral and oblique directions with an r-value of 0.569 (p < 0.001) and 0.50 (p < 0.001)
respectively. A Significant standardized beta value of 0.49 (p < 0.05) for the oblique direction
reach test with total stability limits. Conclusions: The oblique and lateral direction reach tests are
correlated with their respective center of pressure excursion. However, the oblique direction
reach test moderately correlated with the total limits of stability scores. Forward reach distances
were more in number followed by oblique and lateral reach distances among young Saudi adults.
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1. Introduction
1.1. Background of the study

Balance is the ability to align several body segments and produce multi-joint movements by effectively controlling the Center of
Pressure (COP) within and outside of the base of support [1,2]. It is highly task-specific and controlled by the appropriate function of
multiple complex body systems, such as the sensory, vestibular, and neuromuscular systems, as well as biomechanical and neuro-
psychological factors [3]. Because balance is task-oriented, it is classified as static (maintaining a stable position, such as sitting or
standing), dynamic (walking), proactive (anticipating a predicted disturbance, such as crossing or walking), and reactive (anticipating
a predicted disturbance, such as crossing) [4,5].

Balance is essential in performing different functional activities [6]. Some functional activities, such as reaching for objects while
preparing a meal or reaching for a door handle, require the limits of stability (LOS) [6,7]. Maintaining the core stability and the extent
to which the body can move outside the base of support without taking a step and changing the base of support is known as the LOS [3].
In other terms, functional LOS can be defined as the percentage of the base of support in which individuals can extend their COP [8].

In healthy individuals, motor performance, accuracy, speed, and balance control can be affected by sleep disturbance. Sleep
deprivation is a state caused by inadequate sleep quantity or quality. Two types of sleep deprivation are acute sleep deprivation and
chronic sleep deprivation. Chronic sleep deprivation is the most common disorder that occurs in the general population. These
different types of sleep disorders may have an impact on balance control [9]. Balance is affected by various pathologies involving the
nervous, sensory, and musculoskeletal systems. Individuals with balance deficits have difficulty performing functional reaching ac-
tivities [8,10].

Therefore, it is crucial to assess balance in the context of the LOS for rehabilitation professionals [11]. There are different methods
for measuring the functional LOS in clinical practice. The gold standard approach is the use of a force plate to measure COP
displacement. LOS measurement using a force plate on Iso-Free (TecnoBody) is one of the recent methods utilized [12-14]. Simple,
valid, and reliable tests are also available for measuring the functional LOS in clinical settings. The forward reach test (FRT) is a valid
and reliable test developed by Duncan et al. that measures the LOS in the forward direction [15,16]. The lateral reach test (LRT)
developed by Brauer et al. measures the LOS in the mediolateral direction [17]. Meanwhile, Newton developed the multi-directional
reach test, which is valid and reliable in assessing the LOS in the forward, backward, and right and left lateral directions [18].

The functional LOS requires stability not only in the forward, backward, and lateral directions but also in the oblique direction, as
humans perform most activities of daily living in the oblique direction, including kitchen activities and office desk tasks. Based on this
concept, Tedla et al. developed the oblique direction reach test (ODRT), which measures the LOS in the oblique direction. Their study
proved the test-retest reliability and concurrent validity of this test with the FRT and LRT [6]. Moreover, the symmetry of the reach
distances among these three directions reach tests was not commented on before and would like to see it in the current study.

1.2. Statement of problem

e The gold standard method of measuring limits of stability is COP excursions using a force platform. The concurrent validity of the
ODRT with the COP excursions has yet to be established.

o There is a shortage in the literature regarding which among the FRT, LRT, and ODRT will be greater and show excellent correlation
in comparison with COP excursion.

1.3. Aims and objectives of the study

e The principal aim of the current study was to evaluate the concurrent validity of the ODRT with the measurement of the COP
excursion using the Iso-Free machine of Techno Body company.
e The secondary aim was to determine which reach test distance correlates well with the COP excursion.

1.4. Practical importance

e Suppose this study proves the validity of the ODRT with the COP excursions. In that case, ODRT is a simple and feasible test to
measure the limits of stability in an oblique direction in the clinical setting.

2. Materials and methods
2.1. Sampling and determination of sample size

This cross-sectional study was approved by the research ethics committee at King Khalid University (REC # 2016-08-29). In this
cross-sectional study, we recruited 50 healthy college-aged young adults (men: 32; women: 18) (mean age: 22.18 years) using
convenient sampling. The sample size for this research was estimated utilizing the online sample size calculator at https://clincalc.
com/Stats/SampleSize.aspx website. We used the one study group versus population option, and since the reach test values are
presented in centimeters, we selected the software’s continuous variable option. The known population’s expected means and standard
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deviations (SDs) were obtained from previously published literature [6]. The anticipated oblique reach distance was kept at 25 cm. The
power was 80 %, and the alpha value was 0.05. We obtained a sample size of 46 but decided on a sample size of 50, considering a
dropout rate of 10 %.

2.2. Procedure

The sample was approached after obtaining ethical approval from the institutional research ethics committee of King Khalid
University (approval number REC 2021-08-29). The sample was selected from students at the College of Applied Medical Sciences.
Announcements were made in the classrooms and on the notice boards of the college regarding the study details, and interested
candidates were then approached. The study details were explained to the participants, and their written informed consent was ob-
tained. The demographic characteristics, such as sex, age, height, mass, and communication details, were recorded. Height was
measured in meters using a stadiometer and mass in kilograms using a weighing machine. The body mass index was calculated as mass
in kilograms divided by height in meters squared using the statistical software.

A
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Fig. 1. Demonstrating procedure of forward reach beginning (A) and ending (B) by a participant and measurement collection by a therapist.
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The FRT, LRT, and ODRT were conducted in an assessment room. A graph paper was fixed on a movable whiteboard, as shown in
Fig. 1(A and B), and the participants were positioned in such a way that their feet were separated by shoulder width and the tip of the
foot touched a horizontal line, as demonstrated in Fig. 2(A-C). In the FRT, the participants leaned in the forward direction, as shown in
Fig. 1(A and B). In the ODRT and LRT, the participants leaned in the oblique and lateral directions, as demonstrated in Fig. 2 (B and C).
The upper-limb position was 90° flexion for forward reach, 90° flexion and abduction for oblique reach, and 90° abduction for lateral
reach. The tip of the third metacarpal of a closed fist was used as the corresponding point for marking on the graph chart. The distance
between the starting and ending points on the graph chart was considered for the reach distance measurement. The procedures have
been detailed in previously published literature [6,19,20].

The LOS test was conducted on the Iso-Free machine of Techno Body company. After the required data were entered into the
software, the participants were positioned on the force platform in the prescribed format of the machine; the details are shown in
Fig. 3. The LOS was measured in eight directions: forward (A1), right forward (A2), right (A3), right backward (A4), backward (A5),
left backward (A6), left (A7), and left forward (A8). The therapist demonstrated in one direction in front of all participants, and the
actual test was then performed. The machine screen provided visual feedback to the participants, and they could monitor their COP as
a black dot on the white screen with the desired direction shown as a yellow box. The participants moved their body toward the desired
direction and ensured the black dot coincided with the yellow box. Once they completed one direction, the machine prompted another
direction randomly. The testing position details are displayed in Fig. 4(A and B). When all eight directions were completed, the test was
marked as complete, and the results were displayed on the screen and saved in a PDF file. The COP excursion in various directions is
further detailed in Fig. 5. The LOS in multiple directions and the total LOS were described in percentages. The total possible maximum
percentage was 100. Values between 90 and 100 indicated sports-level performance with excellent balance; between 75 and 90,
normal balance; and below 75, abnormal balance. After the measurements, we compared the reach distance with the LOS to obtain the
concurrent validity of the reach tests.

2.3. Statistical analysis

The software used for the analysis was SPSS version 24. Univariate analysis of all the mean, standard deviation, minimum,
maximum, and range variables was done using descriptive statistics. The correlation between reach distances and limits of stability

Direction to Reach

Forward Reach Board Position

RSN e Direction to Reach

/|

Lateral Reach Board Position

Fig. 2. Depicting the foot posture and board position in forward (A), oblique (B), and lateral (C) direction reach tests.
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Fig. 4. Showing the limits of stability assessment on the Iso-free machine of TecnoBody company.
was done using Pearson correlation. Regression analysis used linear regression to identify the factors affecting reach distances.
3. Results
The mean age of the participants was 22.18 years, with an SD of 0.66 years. The mean + SD of the demographic characteristics,

such as height, mass, and body mass index, of the entire sample is presented in Table 1. The mean + SD of the forward reach LOS was
87.88 + 11.70; right forward oblique reach LOS, 99.31 + 2.28; and right lateral reach LOS, 97.96 + 5.99. The total LOS and trunk SD
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LIMITS OF STABILITY 12/9/2021 12:23 PM
Name o & Date of birth 2/10/2001
Address Height [cm]: 169  Weight [kg]: 104
RESULTS
Result 94.93
a Time [s] 76
] r Trunk standard deviation [°] 6.35
LOS SWAY TRUNK SWAY
Total objective 94.93 %
Al-Forward 89.06 %
A2-Right-Forward 100 %
A3-Right 100 %
A4-Right-Backward 97.84% A7
A5-Backward 99.96 %
A6-Left-Backward 72.61%
A7-Left 100 %
A8-Left-Forward 100 %
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Fig. 5. Results of the limits of stability assessment, including the center of gravity sway graph, trunk sway graph, eight-direction balance per-
centages, total balance percentage, test duration, and demographic data.

during the LOS test are presented in Table 2. The mean + SD of the forward, right lateral, and right oblique reach distances, which were
measured using the graph paper method, are also shown in Table 2. & Fig. 6, where the forward reach distance was more than the
oblique and lateral reach directions.

Table 3 shows the relationship between the forward, lateral, and oblique reach distances and LOS. There was a non-significant
correlation of the forward reach distance with the age, height, mass, and BMI, as well as the forward, right lateral, and right for-
ward oblique reach LOS and the total LOS. There was a significant moderately positive correlation between the forward and lateral
reach distances (r = 0.606, p = 0.001) and a significant mild correlation between the oblique reach distance and trunk SD (r = 0.44, p
= 0.001 and 0.014, respectively). The lateral reach distance had a low correlation with the forward reach distance (r = 0.606, p =
0.001), a moderate correlation with the right lateral reach LOS (r = 0.569, p = 0.001), and a significant mild correlation with the trunk
SD (r = 0.396, p = 0.004). The oblique reach distance showed a significant moderate correlation with the forward reach distance,
forward reach LOS, and right forward oblique reach LOS (r = 0.44, p = 0.001; r = 0.437, p = 0.002; and r = 0.5, p = 0.001,
respectively). There was a significant but mild correlation between the lateral reach distance and total LOS (r = 0.28, p=0.04 and r =
0.33, p = 0.001, respectively).

Table 1

Details of demographic characteristics in terms of mean, standard deviation, minimum, and maximum.
Variables Mean Standard Deviation Minimum Maximum
Age 22.18 0.66 21.00 23.00
Height in meters 1.66 0.07 1.48 1.80
Mass in KG 71.14 18.33 44.00 119.00
BMI in KG/Mt? 25.90 6.76 18.20 45.34
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Table 2
Limits stability parameters and reach mean, standard deviation, minimum, and maximum distances.

Variables Mean Standard Deviation Minimum Maximum
Total Limits of Stability Score % 95.60 3.13 87.66 100.00
A1l: Forward reach LOS % 87.88 11.70 62.95 100.00
A2: Right forward ODRT LOS % 99.31 2.28 89.98 100.00
A3: Right Lateral reach LOS % 97.96 5.99 74.56 100.00
Total time taken for LOS testing in sec 78.01 3.55 72.00 86.00
Trunk Standard Deviation in degrees 7.70 3.46 2.71 15.99
FRT1 in Centimeters 25.63 4.06 17.50 33.00
FRT2 in Centimeters 26.74 4.24 19.00 36.00
FRT3 in Centimeters 26.90 3.86 21.00 35.00
FRA in Centimeters 26.42 3.92 20.67 34.33
LRT1 in Centimeters 21.41 3.85 12.00 30.00
LRT2 in Centimeters 21.53 3.90 11.00 33.00
LRT3 in Centimeters 22.20 4.06 12.00 33.00
LRA in Centimeters 21.71 3.81 12.33 32.00
ORT1 in Centimeters 23.63 2.42 19.00 30.00
ORT2 in Centimeters 23.93 2.90 18.00 31.00
ORT3 in Centimeters 24.52 2.89 19.00 29.00
ORA in Centimeters 24.03 2.40 18.67 29.00

Note: KG: Kilogram, Mt: Meter, LOS: Limits of stability, FRT: forward reach test, LRT: Lateral reach test, ORT: Oblique direction reach test, FRA:
functional reach test average, LRA: Lateral reach average; ORA: Oblique direction reach test average.

FRA, LRA, ORA - Reach Distances

30
26.42
25 24.03
21.71
20
15
10
3.92 3.81
0
Mean sD
B FRA in Centimeters H LRA in Centimeters ORA in Centimeters

Fig. 6. Graph showing the Averages of Forward, lateral, and oblique Reach distances.

Tables 4-6 show the linear regression analysis of the oblique, lateral, and forward reach distances as the dependent variables in
relation to the anthropometric parameters, factors of the LOS, and types of the reach test as the independent variables. The regression
analysis of the oblique reach distance as a dependent variable demonstrated a significant moderate association with the right forward
oblique reach LOS with a beta value of 0.30 and a significance level of 0.02; this finding indicates that the right forward oblique reach
LOS influences the oblique reach distance. There was a significant moderate association between the right lateral reach LOS and the
lateral reach distance, with a beta value of 0.57 and a significance level of <0.001. The lateral reach distance also demonstrated a
moderate association with the forward reach distance, with a beta value of 0.57 and a significance level of 0.001. Moreover, only ODRT
showed a moderate relationship with total limits of stability with a beta value of 0.49 at the p-value of 0.04. This relationship is also
depicted in Fig. 7.

4. Discussion

Reaching is a common function that constantly puts strain on balance. The LOS is required when performing various functional
tasks while standing, such as reaching for shelves, grasping a door handle, or operating elevators. These functional tasks occur in
different directions, including the forward, lateral, and oblique directions. The ODRT is a newly developed test validated with the FRT
and LRT. The validity of this test with COP excursion measurement has yet to be proven. Thus, we sought to establish the concurrent
validity of the ODRT with COP excursion measurement, which is considered the gold standard method. We also sought to determine
which oblique, forward, and lateral reach distances best correlate with the COP excursion.

The forward reach distance had a non-significant low correlation with the right forward LOS in our study. However, Duncan et al.
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Table 3
Correlations between reach tests, limits of stability, and anthropometric parameters.

Reach test Variables R-value P value

FRA LRA in Centimeters .606** <0.001
ORA in Centimeters 4445 0.001
Age —-0.138 0.34
Height in meters 0.265 0.062
Mass in KG 0.174 0.227
BMI in KG/Mt Square 0.139 0.337
Total Limits of Stability Score % 0.102 0.481
Al Forward reach LOS % 0.156 0.279
A2 right forward ODRT LOS % 0.063 0.663
A3 right Lateral reach LOS % 0.186 0.195
Total time taken for LOS testing in sec —0.089 0.538
Trunk Standard Deviation in degrees .345* 0.014

LRA FRA in Centimeters .606** <0.001
ORA in Centimeters .283* 0.046
Age 0.07 0.631
Height in meters 0.123 0.397
Mass in KG 0.118 0.416
BMI in KG/Mt Square 0.098 0.496
Total Limits of Stability Score % 0.15 0.298
Al Forward reach LOS % 0.058 0.687
A2 right forward ODRT LOS % 0.042 0.77
A3 right Lateral reach LOS % .569** <0.001
Total time taken for LOS testing in sec 0.04 0.784
Trunk Standard Deviation in degrees .396** 0.004

ODRA FRA in Centimeters 444%* 0.001
LRA in Centimeters .283* 0.046
Age —-0.22 0.124
Height in meters -0.179 0.214
Mass in KG —0.205 0.152
BMI in KG/Mt Square —0.136 0.347
Total Limits of Stability Score % .330* 0.019
A1 Forward reach LOS % 437+ 0.002
A2 right forward ODRT LOS % .500%* <0.001
A3 right Lateral reach LOS % —0.039 0.788
Total time taken for LOS testing in sec —-0.018 0.899
Trunk Standard Deviation in degrees 0.03 0.836

Note: KG: Kilogram, Mt: Meter, BMI: Body mass index LOS: Limits of stability, FRA: functional reach test average, LRA: Lateral reach average;
ORA: Oblique direction reach test average.

Table 4
Regression analysis keeping oblique direction reach test as a depending factor.
Anthropometric Parameters, factors of limits of stability, and types of reach tests ~ Unstandardized Standardized Coefficients t Sig.
Coefficients
B Std. Error Beta
Age —0.50 0.43 —0.14 -1.18 0.25
Height in meters —15.93 19.88 —0.49 —-0.80 0.43
Mass in KG 0.04 0.25 0.29 0.15 0.88
BMI in KG/Mt Square —0.06 0.68 —0.16 —0.08 0.93
Total Limits of Stability Score % 0.37 0.18 0.49 2.05 0.04*
Al Forward reach LOS % 0.03 0.03 0.15 1.04 0.31
A2 right forward ODRT LOS % 0.32 0.13 0.30 2.43 0.02*
A3 right Lateral reach LOS % —0.18 0.07 0.46 -2.63  0.01*
Total time taken for LOS testing in sec —0.03 0.07 —0.04 -0.35 0.73
Trunk Standard Deviation in degrees 0.23 0.12 0.33 1.85 0.07
FRA in Centimeters 0.17 0.11 0.28 1.62 0.11
LRA in Centimeters 0.13 0.11 0.20 1.16 0.25

Note: KG: Kilogram, Mt: Meter, BMI: Body mass index, LOS: Limits of stability, FRA: functional reach test average, LRA: Lateral reach average.

discovered a moderate correlation between the forward reach distance and COP excursion in their study of 20-87-year-olds [15]. Our
study results are inconsistent with those of Duncan et al. which could be attributed to the fact that Duncan et al. studied the correlation
over a much wider age span. We found a significant but mild correlation between the forward reach distance and the trunk SD.

In this study, the lateral reach distance demonstrated a moderate but significant correlation with the right lateral reach LOS. Brauer
et al. also found a significant correlation between the lateral reach distance and the LOS [17]. The significant correlation between the
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Table 5
Regression analysis keeping lateral reach test as a dependent factor.
Anthropometric Parameters, factors of limits of stability, and types of reach tests ~ Unstandardized Standardized Coefficients  t Sig.
Coefficients
B Std. Error Beta
Age 0.90 0.63 0.16 1.43 0.16
Height in meters —49.94  28.73 —0.96 -1.74 0.09
Mass in KG 0.64 0.36 3.10 1.79 0.08
BMI in KG/Mt Square -1.71 0.97 —3.04 -1.76 0.09
Total Limits of Stability Score % —-0.31 0.28 —0.26 -1.11 0.27
Al Forward reach LOS % 0.05 0.04 0.15 1.11 0.27
A2 right forward ODRT LOS % 0.04 0.21 0.03 0.20 0.85
A3 right Lateral reach LOS % 0.36 0.10 0.57 3.75 0.00*
Total time taken for LOS testing in sec —0.01 0.11 —-0.01 -0.09 0.93
Trunk Standard Deviation in degrees 0.30 0.19 0.28 1.62 0.11
FRA in Centimeters 0.47 0.14 0.49 3.31 0.00*
ODRTA in Centimeters 0.28 0.24 0.18 1.16 0.25

Note: KG: Kilogram, Mt: Meter, BMI: Body mass index LOS: Limits of stability, FRA: functional reach test average, LRA: Lateral reach average; ORA:

Oblique direction reach test average.

Table 6
Regression analysis keeping forward reach test as a dependent factor.
Anthropometric Parameters, factors of limits of stability, and types of reach tests ~ Unstandardized Standardized Coefficients  t Sig.
Coefficients
B Std. Error Beta
Age -0.21 0.65 —0.04 —0.33 0.75
Height in meters 105.86 24.65 1.97 4.30 0.00*
Mass in KG -1.27 0.32 -5.96 —4.04 0.00*
BMI in KG/Mt Square 3.54 0.84 6.12 4.22 0.00*
Total Limits of Stability Score % 0.47 0.28 0.37 1.68 0.10
Al Forward reach LOS % —0.01 0.05 —-0.01 -0.10 0.92
A2 right forward ODRT LOS % —0.35 0.20 —0.20 -1.71 0.10
A3 right Lateral reach LOS % —0.12 0.11 —0.19 -1.11  0.28
Total time taken for LOS testing in sec —0.06 0.11 —0.05 -0.52 061
Trunk Standard Deviation in degrees —0.02 0.20 —0.02 -0.10 0.92
ORA in Centimeters 0.39 0.24 0.24 1.62 0.11
LRA in Centimeters 0.48 0.15 0.47 3.31 0.00*

Note: KG: Kilogram, Mt: Meter, BMI: Body mass index LOS: Limits of stability, LRA: Lateral reach average; ORA: Oblique direction reach test average.

88

92

TLOS

96

Fig. 7. Graph showing the regression analysis relationship between the oblique direction reach test values and total limits of stability.

lateral reach distance and LOS in both studies suggests that the lateral reach distance reflects the LOS in healthy populations. In our
study, the lateral reach distance also demonstrated a mild correlation with the trunk SD. This could be attributed to the movement of
the lower trunk during lateral flexion, which contributed to the performance of the lateral reach.

The oblique reach distance demonstrated a moderate but significant correlation with the right oblique reach LOS in this study. As,
to our knowledge, this is the first study to find a correlation between the oblique reach distance and LOS, we cannot compare our
results with those of other studies. Only the oblique reach distance showed a mild correlation with the total LOS herein; neither the
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forward reach distance nor the lateral reach distance correlated with the total LOS, implying that most functional reaching tasks are
performed in the oblique direction rather than in the forward or lateral direction.

We found no correlation between the forward, lateral, and oblique reach distances and the anthropometric parameters. However,
Duncan et al. discovered a positive correlation between the forward reach distance and age and height and concluded that age and
height influence the forward reach distance [15]. Similarly, in the study by Brauer et al. the lateral reach distance demonstrated a
positive correlation with height and age [17]. We included participants in the same age group, mostly of similar height. Duncan et al.
included a wider range of age groups, and Brauer et al. also had elderly individuals aged 65-89.

4.1. Limitations of the study

Limitations of the current study were that the sample selected was of similar ages. We did not cover all age groups and diseased
populations. This study recruited the sample from a single center. Further, the COP excursions for right forward LOS, right lateral LOS,
and right oblique reach LOS between men and women were not compared. This study also established the validity in the general
population only.

4.2. Future recommendations

Forthcoming research should include larger sample sizes. Future studies should include participants from the multicenter. The
balance is affected in different age groups due to various neuromuscular disorders and injuries. Therefore, future research should
consist of multiple age groups and find the concurrent validity of the ODRT that will be useful in assessing the limits of stability in the
clinical setting. We further recommend that future studies concentrate on comparing the LOS in the forward, oblique, and lateral
directions between men and women and establish concurrent validity in patient populations.

5. Conclusions

All three reach distance measures were symmetrical; however, the forward reach distances were more than oblique and lateral
reach distances. Among the measurements, the oblique and lateral reach distances correlated with the COP excursions in the right
forward (oblique) and right lateral directions. Furthermore, the oblique reach distance showed a significant moderate correlation with
the total LOS, indicating that the ODRT is more functional than the other reach tests in healthy young adults.
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