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Abstract:

Background: Lateral ankle sprain is a common injury,with an incidence of 7
per 1000 exposures. Sprain may persist leading to chronic ankle instability
(CALl), which is believed to arise from dysfunctional postural control, defective
proprioception, muscleweakness, or reduced ankle range of motion. Thus,
assessment of postural control is essential for proper clinical decision-making
and treatment selection.With advances in technology, smartphone has been
usedto assess the musculoskeletal system. Ithas the advantages of being
portable and economic. Yet, further validation is needed to allow its use in
clinical settings. Therefore, the purpose of this study was to assess the
concurrent validity of a smartphone application in assessing balance in patients
with CAIl. Methods: Twenty-four participants; 10 patients (14 ankles with
CADand 14 healthy volunteers(28 ankles) were enrolled in this study.
Alltesting procedures were conducted in accordance to and approved by the
local ethics committee.Balance was measured during single leg stance (with
eyes opened and closed)simultaneously by the smartphone application
“MyAnkle” and the Biodex balance system. Testing was done bilaterally in a
random order. All data were collected by an assessor who was blind to
participants’ grouping and limb condition. To establish validity, Spearman’s
rank correlation coefficients was used to test the associationbetween the
application score and the overall stability index of the Biodex system. Results:
For patients group, the correlation between measurements done by the two
devices was insignificant weak for both limbs in both eye conditions (opened
and closed).For healthy volunteers, the dominant limb showed significant
correlation when the eyes were closed (r =0.56, p = 0.037), however, the
relation was insignificant and weak for the eye-opened condition and for non-
dominant limb in the two eye conditions (r<0.5, p>0.05). Conclusion: With the
available number, the smartphone application is not valid compared to the
Biodex system in assessing balance in patients with CAIl. For healthy
volunteers, validity is dependent on eye-condition andlimb dominance.
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Introduction:

Lateral ankle sprain (LAS) is a common injury in athletic and regular
activities; with an incidence of 7 per 1000 exposures.™**°It has a high recurrence rate
that ranges from 20 to 78%."®LAS symptoms may persist leading to chronic ankle
instability (CAI).2 This instability is believed to arise from dysfunctional postural
control, defective proprioception, muscle weakness, or reduced ankle range of
motion(ROM).*>Eventually, chronic instabilityresults in impaired physical activity,
altered hip and ankle biomechanics as well as changes in landing pattern and in

postural control >

Thus, assessment of postural control is essential for proper clinical decision-
making and treatment selection. There are many subjective and objective methods to
assess postural control.*?Subjective methods include single leg stance and balance
error scoring system. These are easy, inexpensive and clinically feasible methods.
However, they are limited by the lack of quantitative measurement and their reliance

on investigator's skill and experience.®*?

Objective methods include the Biodex balance system andstar excursion
balance test (SEBT). Biodex balance system is a device that assesses postural control
by determining the ability of a participant to maintain balance on an unstable
surface.™It is an objective, reliable and valid device (1CC= 0.64 - 0.89) that provides
quantitative data.'>*Yet, it is expensive and large in size, thus, it is difficult to
accommodate in regular clinical settings.*?’SEBT is a popular test that is used both in
clinical and research settingsto assessdefective postural control during dynamic
movement.’*’SEBT has a high reliability and validity(ICC= 0.84 - 0.87)."® Further,
itis inexpensive and a time-efficienttool.**®**However, test results may be affected

by the strength and flexibility of lower limb muscles.*®Therefore, there is a need for
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alternative postural control assessment method, especially the balance component,
that combines the advantages of subjective and objective measures and overcomes
their disadvantages. This method should be valid, reliable, easy to administrate,

inexpensive, feasible and portable, if possible.

With advances in technology, smartphone has been introduced as an
assessment tool for the musculoskeletal system. For example, it was used to assess
ROM, mobility, balance and risk of falling in stroke survivors and frail elderly.?>*
Further, it was used to assess balance in healthy and participants with chronic ankle
sprain, however, the results were not compared to gold standard methods.3*?#Thus,

the aim of this study was to investigate the concurrent validity of a smartphone

application in assessing balance in patients with CAL.
Material and methods:
Study design

This is a cross-sectional study that was conducted between July and
December, 2018 at the Biodex Balance System laboratory, Faculty of Physical
Therapy, Cairo University, Egypt. The protocol for this study was approved by the

Ethics committee of the Faculty of Physical Therapy, Cairo University, Egypt.
Participants

Ten patients(14 ankles with CAl and 6 normal ankles) and 14healthy gender-,
Body mass index (BMI) and age-matched volunteers(28 normal ankles)were enrolled
in this study. Patients with CAIl were recruited from the outpatient clinic of the faculty
of Physical Therapy and faculty ofMedicine, Cairo University, based onthe

followingcriteria: age ranging between 18 and 35 years old,**??* referred with a
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confirmed diagnosis of unilateral or bilateral CAl, has a Cumberland Ankle Instability
tool score lower than 27 points,’and had a recurrent sprain within the previous
year.”Patients were excluded if they had history of major surgery of lower limb or
spine *', lower extremity fracturewithin the past two years,*’orlower limb injury 3
months prior to study®. Further, patients were excluded if they reportedbalance deficit
due to visual or vestibular deficits, neurologic disease, or cerebral concussions during
the past 3 months.'*> Moreover, patients were excluded if they were receiving
balance training program,®or they had weakness of lower limb musculatures based on
thescreening muscle testing performed by the investigator.Healthy asymptomatic
participants were recruited from the students of the Faculty of Physical Therapy,

Cairo University, Egypt.
Measurement procedures

Recruited individuals were initially screened against study inclusion and
exclusion criteria. Then, eligible subjects had the aim of study and all testing
procedures verbally explained and all relevant questions answered. If they agreed to
participate in the study, an informed consent was signed.Then, basic demographic

data were collected. This was followed by a screening lower extremitymuscle test.

Before testing, the Biodex system and the smartphone were calibrated
according to manufacturer’sand developers’ guidelines.?*Then, validation was tested
in a single session, during which balance was simultaneously measured by the
smartphone “MyAnkle” application and the Biodex balance system.Both limbs were

tested at a random order generated by the Excel software.

Patients were then asked to stand on the Biodex platform while it was locked.

Feet position on the platform and patient's basic demographics were also entered into
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the Biodex balance system software. The smartphone was secured above the superior
midline of the patella using an adjustable armband. Afterwards, the platform was
released and the application was initiated. Patients were tested usinga single leg
stance protocol on the Biodex system at level 8. Participants were asked to maintain
hands on hips duringtesting 2°and not to touch the ground or stance limb by the other
limb or not to grasp the handrail,yet touching handrail was allowed to prevent falling.

If any of the previous compensatory motions were done, the test was terminated.

A single-leg stance testing was then done at two eye conditions: (1) opened
eyes for 30 seconds, and (2) closed eyes for 10 seconds.During the testing,
eachparticipant was asked to keep the cursor on the Biodex screen in the middle while
the platform was moving. The researcher stood beside the participant and secured
him/her by both hands to protect against falling.Participants were allowed 2-minute
rest between the testing of the right and left legs. All smartphone application data
were collected by an assessor who was blinded to participants’ grouping and limb

condition.
Data analysis

All data were collected and tabulated in an excel sheet. Then, theywere
screened for normality assumption by Kolmogorov-Smirnov and Shapiro-Wilks
normality tests.Descriptive statistics were presented as means and standard deviations.
Further, Spearman’s rank correlation coefficients (p) were calculated to examine the
association between the balance score of the application and the overall stability index
of the Biodex for both eye-conditions and limb sides. The level of significance was
set at p<0.05.The correlation results were interpreted as poor (r < 0.30), low (r s =

0.30 to 0.50), moderate (r = 0.50 to 0.70), high (r = 0.70 to 0.90), or very high (r >
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0.90).%’All statistical testes were done using SPSS version 18 (IBM Inc., Chicago, IL,

USA).
Results:

Age, weight, heightand BMI were not significantlydifferent between patients

and healthy groups(p>0.05, Table 1).

Table 1-descriptive statistics of age, weight, height and BMI in the CAI
and healthy group

CAl Healthy
Variable P-value
Mean+SD MeanSD
Age (years) 23.40+1.89 | 23.57+£2.60 1
Weight (Kg) 63.30+13.6 | 62.64+11.33 0.93
Height (cm) 160.00+8.32 | 162.64+10.68 | 0.66
BM I(Kg/cmz) 24 51+3.58 | 23.54+2.33 0.40

BMI: Body Mass Index; CALl: Chronic Ankle Instability; SD: standard Deviation

In patients with CAI, no significant correlations were found between the
application balance score and the overall stability index of the Biodexon both the
affected and non-affected limbs, while eyes were opened and closed (p>0.05, Table

2).

In the healthy group, the dominant limb showed significantpositive correlation
when the eyes were closed(p = 0.04). However, this correlation was not significant
when eyes were opened (p>0.05, Table 2). For the non-dominant limb, no significant

correlations were found inboth eye conditions (P > 0.05, Table 2).



The 20" International Scientific Conference Faculty of Physical Therapy

Table 2-Spearman’s correlation coefficientof balance score between the
“MyAnkle” application and the overall stability inex of the Biodex in patient and

healthy control groups

Cairo, 6-7April, 2019

Groyp  condition Opened eyes Closed eyes
R (p-value) R (p-value)
Patients Affected -.012 (0.97) 0.183 (0.53)
Unaffected -0.03 (0.96) -0.73 (0.10)

Healthy Dominant 0.346 (0.23) 0.561* (0.04)
Non-dominant 0.133 (0.65) 0.458 (0.10)

+Correlation is significant at the 0.05 level (2-tailed),CAl: Chronic Ankle Instability,

P; probability, r; correlation coefficient between smartphone and Biodex

Discussion:

The purpose of this study was to investigate the concurrent validity of a

smartphone application “MyAnkle” in assessing balance in patients with CAI and

healthy volunteers.Only the dominant leg of healthy participants showed a significant

correlation when the eyes were closed. No other significant correlations were found.

This implies that there is no evidence to support the validity of smartphone in

assessing balance in patients with ankle sprain. Further, smartphone validity in

healthy adults is dependent on limb dominance and eye condition.
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Thelack of validity inthe patient group could be attributed to increased
postural sway due to increased reaction time of dorsiflexors muscles duringsingle
stance, especially when eyes are blindfolded. Increased postural sway would result in
increasedlimb acceleration in different planes. As smartphone measurements are
affected by movement of the limb in all planes, whereas the Biodex measures only
changes in centre of pressure in anteroposreior and mediolateral directions, the two

devices will be measuring different values.?®%

On the other hand, the validity of smartphone in assessing the dominant limb
of healthy volunteers with closed eyes could be attributed to the strong musculatures
of this limb. With the absence of exteroception feedback from eyes, muscles are
capable of steading the limb during perturbation turning it into a strut. Such steadying
action would decrease limb movement; which the smartphone records. Hence, patient
leg and the smartphone, will tilt together similarly to the platform of the Biodex.*
When eyes come into play, they provide instantaneous feedback and minimize
subjective feeling of insecurity or falling risk. This in turn will preventthe person from
maximally activating limb muscles to steady the limb. Thus, limb acceleration may
increase, resulting in thelimb no longer moving similarly to the Biodex
platformgiving different readings for the two devices. This could also be true for
non-dominant limb, where muscle strength is no adequate to minimize postural sway
and limb acceleration.Thus, the limb is not necessary movingin the same direction as

the platform.3*

Thisis the first study that validated the smartphone application “MyAnkle”
against gold standard and assessed balance for patient and healthy volunteers.
However, a few limitations exist: first, phone was placed just above the thigh; other

placements should be tested to ensure the best accurate placement to use.Second,
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smartphone may not be sensitive to compensatory trunk movement associated with

postural sway.

Conclusion:

There is no evidence to support smartphone validity“MyAnkle” in assessing balance
in patients with chronic ankle instability. On the other hand, it is valid in assessing
single-limb balance of the dominant side in healthy volunteers when the eyes are

closed.



The 20" International Scientific Conference Faculty of Physical Therapy Cairo, 6-7April, 2019

e References

Freeman M a, Dean MR, Hanham IW. The etiology and prevention of

functional instability of the foot. J Bone Joint Surg Br. 1965;47(4):678-685.

Lentell G, Baas B, Lopez D, McGuire L, Sarrels M, Snyder P. The
contributions of proprioceptive deficits, muscle function, and anatomic laxity
to functional instability of the ankle. J Orthop Sports Phys Ther.

1995;21(4):206-215. doi:10.2519/jospt.1995.21.4.206

Chiu YL, Tsai YJ, Lin CH, Hou YR, Sung WH. Evaluation of a smartphone-
based assessment system in subjects with chronic ankle instability. Comput

MethodsProgramsBiomed.2017;139:191-195. doi:10.1016/j.cmpb.2016.11.005

Garrick JG. The frequency of injury, mechanisms of injury, and epidemiology
of  ankle sprains. Am J Sport Med. 1977;5:241-242.

d0i:10.1177/036354657700500606

Doherty, C., Delahunt, E., Caulfield, B., Hertel, J., Ryan, J., & Bleakley C. The
Incidence and Prevalence of Ankle Sprain Injury: A Systematic Review and
Meta- Analysis of Prospective Epidemiological Studies.2014, Vol 40.

doi:http://dx.doi.org/10.1680/geot.2008.T.003

Doherty C, Bleakley C, Hertel J, Caulfield B, Ryan J, Delahunt E. Postural
control strategies during single limb stance following acute lateral ankle sprain.

Clin Biomech. 2014;29(6):643-649.

Bahr R, Karlsen R, Lian O, Ovrebo R V. Incidence and Mechanisims af Acute

Ankle Inversion Injuries in Volleyball. Am J Sports Med. 1994;22(5):595-600.

10



The 20" International Scientific Conference Faculty of Physical Therapy Cairo, 6-7April, 2019
8. Anandacoomarasamy A. Long term outcomes of inversion ankle injuries *
Commentary. Br J Sports Med. 2005;39(3):e14-e14.

doi:10.1136/bjsm.2004.011676

9. Ross, S. E., & Guskiewicz KM. Examination of static and dynamic postural
stability in individuals with functionally stabe and unstable ankles. Clin J Sport

Med. 2004;14(6):332-338.

10. Delahunt E, Monaghan K, Caulfield B. Altered neuromuscular control and
ankle joint kinematics during walking in subjects with functional instability of
the ankle joint. Am J Sports Med. 2006;34(12):1970-1976.

d0i:10.1177/0363546506290989

11.  Delahunt, E., Monaghan, K., & Caulfield B. changes in lower limb kinematics,
kinetics, and muscle activity in subjects with functional instability of the ankle

joint during a single leg drop jump. Orthop Res. 2006;24(10):1991-2000.

12.  Jeremy a P, Amick RZ, Thummar T, Rogers ME. Validation of Measures
From the Smartphone Sway Balance Application: a Pilot Study. Int J Sports

Phys Ther. 2014;9(2):135.

13.  Rogers ME, Rogers NL, Takeshima N, Islam MM. Methods to assess and
improve the physical parameters associated with fall risk in older adults. Prev

Med (Baltim). 2003;36(3):255-264. d0i:10.1016/S0091-7435(02)00028-2

14.  Perron M, Hébert LJ, McFadyen BJ, Belzile S, Regniére M. The ability of the
Biodex Stability System to distinguish level of function in subjects with a
second-degree ankle sprain. Clin Rehabil. 2007;21(1):73-81.

doi:10.1177/0269215506071288

11



The 20" International Scientific Conference Faculty of Physical Therapy Cairo, 6-7April, 2019
15.  Hinman MR. Factors Affecting Reliability Of the Biodex Balance System. J

Sport Rehabil. 2000;9(3):240-252.

16.  Gribble PA, Hertel J, Plisky P. Using the star excursion balance test to assess
dynamic postural-control deficits and outcomes in lower extremity injury: A
literature and systematic review. J Athl Train. 2012;47(3):339-357.

doi:10.4085/1062-6050-47.3.08

17. Doherty C, Bleakley CM, Hertel J, Caulfield B, Ryan J, Delahunt E.
Laboratory measures of postural control during the star excursion balance test
after acute first-time lateral ankle sprain. J Athl Train. 2015;50(6):651-664.

doi:10.4085/1062-6050-50.1.09

18.  Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. Star Excursion Balance
Test as a Predictor of Lower Extremity Injury in High School Basketball
Players. ' J  Orthop  Sport Phys  Ther. 2006;36(12):911-9109.

doi:10.2519/jospt.2006.2244

19.  Hertel, J., Miller, S.J.,.&Denegar CR. intratester and intertester reliability

during the star excursion balance test. J Sport Rehabil. 2000;9(2):104-116.

20.  Werner, B. C., Holzgrefe, R. E., Griffin, J. W., Lyons, M. L.Cosgrove, C. T.,
Hart, J. M., & Brockmeier SF. Validation of an innovative method of shoulder
range-of-motion measurement using a smartphone clinometer application
Validation of an innovative method of shoulder range-of-motion measurement
using a smartphone clinometer application. J shoulder Elb Surg.

2014,23(11):e275-e282. doi:10.1016/j.jse.2014.02.030

21. Schwenk M, Mohler J, Wendel C, et al. Wearable sensor-based in-home

12



The 20" International Scientific Conference Faculty of Physical Therapy

22.

23.

24,

25.

26.

217.

28.

assessment of gait, balance, and physical activity for discrimination of frailty
status: Baseline results of the Arizona frailty cohort study. Gerontology.

2015;61(3):258-267. doi:10.1159/000369095

Capela NA, Lemaire ED, Baddour N, Rudolf M, Goljar N, Burger H.
Evaluation of a smartphone human activity recognition application with able-
bodied and stroke participants. J Neuroeng Rehabil. 2016;13(1):1-10.

doi:10.1186/s12984-016-0114-0

Roeing KL, Hsieh KL, Sosnoff JJ. A systematic review of balance and fall risk
assessments with mobile phone technology. Arch Gerontol Geriatr.

2017;73(August):222-226. doi:10.1016/j.archger.2017.08.002

Shah N, Aleong R, So I. Novel Use of a Smartphone to Measure Standing

Balance. JMIR Rehabil Assist Technol. 2016;3(1):e4. doi:10.2196/rehab.4511

Olmsted, L. C., Carcia, C. R., Hertel, J., & Shultz SJ. Efficacy of the star
excursion balance testS in detecting reach deficits in subjects with chronic

ankle instability. J atheletic Train. 2002;37(4):501-506. doi:10.1002/pri.1589

Shah N, Aleong R, So I. Novel Use of a Smartphone to Measure Standing

Balance. JMIR Rehabil Assist Technol. 2016;3(1):e4. doi:10.2196/rehab.4511

MM Mukaka. A guide to appropriate use of Correlation coefficient in medical

research. Malawi Med J. 2014;24(3):69-71.

Beynnon BD, Murphy DF, Alosa DM. Predictive factors for lateral ankle
sprains: A literature review. J Athl Train. 2002;37(4):376-380.
doi:10.1002/(S1C1)1521-1878(199912)22:1<1021::AID-BIES6>3.0.CO;2-P
[pii]\r10.1002/(SIC1)1521-1878(199912)22:1<1021::AID-BIES6>3.0.CO;2-P

13

Cairo, 6-7April, 2019



The 20" International Scientific Conference Faculty of Physical Therapy Cairo, 6-7April, 2019
29. Era P, Heikkinen E. Postural sway during standing and unexpected disturbance
of balance in random samples of men of different ages. Journals Gerontol.

1985;40(3):287-295. doi:10.1093/geronj/40.3.287

30. Hoffman M, Schrader J, Applegate T, Koceja D. Unilateral postural control of
the functionally dominant and nondominant extremities of healthy subjects. J

Athl Train. 1998;33(4):319-322.

31. Robert N, Aimee G, Sophia N, et al. Determination of Functional Strength

Imbalance of the Lower Extremities. J strength Cond Res. 2006;20(4):971-977.

32.  Jacobs C, Uhl TL, Seeley M, Sterling W, Goodrich L. Strength and fatigability
of the dominant and nondominant hip abductors. J Athl Train. 2005;40(3):203-

206.

33.  Kunkel M, Freudenthaler N, Steinhoff BJ, Baudewig J, Paulus W. Spatial-
frequency-related efficacy of visual stabilisation of posture. Exp Brain Res.

1998;121(4):471-477. doi:10.1007/s002210050483

S 3al) 1Y pae g sl 31 01 g B S g A8 5 ga g Al

Jalsly

14



The 20" International Scientific Conference Faculty of Physical Therapy Cairo, 6-7April, 2019
o) sV ety 8 (o oyl A e Ve JSU Y Gagan ae daild dba) s iladl JalSD o) gl A8
sae sl b gl aSall Caraa e Ly )80 aae (o Slie ) e 3l JalSD) ) il axe ) g0 Les
MASY ()5 el Ol EY) ands b ¢ JUlls JalSl AS e LI Sl COlasll Cania 5l (Gaandl )
Sl limall pUaill 0 BlalS KA Cailgd) JIaa) a8 ¢ s i) 2] pe 2 Bladl i) 5 ) ) 3l
o 230 ) gling digall lahae Y (A il e g8 ¢y aa g galiall y Jatie e a3
ddlaadl and s dulall oda e gajadl S Gl ddll pailiadll s dflaae (e (gEal)

lSIL G sl ) 33V (da sl () 53 s 8 (SO Cilel) adail Al Fiall

pie (om pilag G ) £ e g ) ¢ g slanal Lol 1 £) Gl (5 e 5 sl s ey Sl
O g ¢ Alaall CLENAY) diad U8 (e salic) &3 LAl o) ja) a3 duljall s3a (A (e el o) Y
S35 O35 Slen s (S Bl a5k e i 8 gl 8 3153

G ol ¢l aay el AL 5 LS aladciuly ddca Hl) (g slel) o sl ad (358 SO (il (el 3 ¢ Y
A (5 shuall (8 S0 50 ) 3V Jlea e Baal s da ) e a8l S5 50 28 e d )ai g ey all
s Adlie Gl 5 (V) ¢l a4l Y saalsan) 5 Ja ) e Cagsll (1) i e SLERY 6 ja) 3 elld

e g @ pie (i (il SIS LIRS 3 uall Bl e 1)+ 53l Basls )y e il

e Sl 5 S Ll Al Bl o e Gl (xS e U (g L

Ll ) lelae alasinly (uSo gl I LN e 5 Gaadatll ) ) sl A ja Jay ) o ¢ dpaBlial) sl
Ol s 45

e Laiy Cnall (32 ) die (5 sima ol )) 2 g s ) o all jedal Al (alaliD Al ity

ANy g ddmia 5 AY) b LY

plbuy oyl dlo yé LSl Gilgdl gaadas ¢ 8 siall aall aarduadal)
O Ol 3V pde ol GO T pn 85§ wSo e o) 3SY

Cde LS L
dyhlly gl Il Je Lodall wadwS ¢ s lxo¥V Il (e ghial

- b

15



The 20" International Scientific Conference Faculty of Physical Therapy Cairo, 6-7April, 2019

16



