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Background  
Static balance is often impaired in patients after ankle sprains. The ability to identify 
static balance impairments is dependent on an effective balance assessment tool. The 
Sway Balance Mobile Application (SWAY App) (Sway Medical, Tulsa, OK) uses a smart 
phone or tablet to assess postural sway during a modified Balance Error Scoring System 
(mBESS) assessment and shows promise as an accessible method to quantify changes in 
static balance after injury. 

Purpose  
The primary purposes of this study were to determine the ability to differentiate between 
those with ankle sprain versus controls (construct validity) and ability to detect change 
over time (responsiveness) of a mBESS assessment using a mobile device application to 
evaluate static balance after an acute ankle sprain. 

Study Design   
Case-control study. 

Methods  
Twenty-two military academy Cadets with an acute ankle sprain and 20 healthy Cadets 
were enrolled in the study. All participants completed an assessment measuring 
self-reported function, ankle dorsiflexion range of motion (via the weightbearing lunge), 
dynamic balance, and static balance. Static balance measured with the mBESS using the 
SWAY App was validated against laboratory-based measures. Cadets with ankle sprains 
completed their assessment twice: once within two weeks of injury (baseline) and again 
after four weeks of rehabilitation that included balance training. Independent and paired 
t-tests were utilized to analyze differences over time and between groups. Effect sizes 
were calculated and relationships explored using Pearson’s correlation coefficients. 

Results  
The mBESS scores measured by the SWAY App were lower in participants with acute 
ankle sprains than healthy Cadets (t = 3.15, p = 0.004). Injured participants improved 
their mBESS score measured by SWAY at four weeks following their initial assessments (t 
= 3.31, p = 0.004; Baseline: 74.2 +/- 16.1, 4-weeks: 82.7 +/- 9.5). The mBESS measured by 
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the SWAY App demonstrated moderate to good correlation with a laboratory measure of 
static balance (r = -0.59, p < 0.001). 

Conclusion  
The mBESS assessed with a mobile device application is a valid and responsive clinical 
tool for evaluating static balance. The tool demonstrated construct (known groups) 
validity detecting balance differences between a healthy and injured group, concurrent 
validity demonstrating moderate to good correlation with established laboratory 
measures, and responsiveness to changes in static balance in military Cadets during 
recovery from an acute ankle sprain. 

Level of Evidence    
Level 3 

INTRODUCTION 

Ankle sprains are among the most common musculoskele-
tal injuries. The greater incidence of lateral ankle sprains 
amongst athletes,1,2 military academy Cadets,3 and the 
general population4 presents a considerable challenge for 
rehabilitation professionals. In military academy Cadets, 
the incidence rate of ankle sprains between 2005 and 2007 
was 58.4 per 1000 person-years with 64.1% of those sprains 
occurring during athletics.3 A history of prior injury leads 
to increased rates of ankle sprains.5,6 Military Cadets with 
a prior ankle sprain had between three and six times the 
risk of sustaining an ankle sprain during basic training than 
Cadets without an ankle sprain history.7 Unfortunately, an 
initial ankle sprain has a high rate of recurrence and often 
leads to chronic ankle instability (CAI), which can greatly 
impact quality of life.8‑11 

One impairment routinely identified in patients after an 
ankle sprain is decreased balance control.12 Static balance 
is often impaired immediately after an ankle sprain and 
likely improves approximately two to four weeks following 
the injury.13 Clinicians evaluating and treating patients af-
ter ankle sprains frequently use non-instrumented tools to 
assess static balance and assess risk for chronic ankle insta-
bility.14,15 One such test, the Balance Error Scoring System 
(BESS), may be able to detect individuals with and with-
out chronic ankle instability and requires the clinician to 
tally “errors” while the patient attempts to maintain a sta-
tic position for a prescribed length of time.14‑16 The BESS 
demonstrates moderate reliability (ICC 0.57 – 0.74) in as-
sessing static balance;17,18 however, it may not be able to 
detect subtle deficits in static balance, such as those pre-
sent in the late stages of ankle sprain rehabilitation. An in-
strumented assessment of static balance using a force plate 
can detect impairments after an ankle sprain with greater 
sensitivity than clinician scored assessments.16 The abil-
ity to detect subtle deficits in static balance during recov-
ery from ankle sprains may result in decreased rates of in-
jury recurrence and risk for chronic ankle instability.14,15 

However, the requirement of expensive technology to de-
tect subtle deficits in static balance may not be practical for 
clinical implementation. 
Mobile technology may be a portable and affordable so-

lution to objectively measure static balance. Previous stud-
ies have explored the role of wearable inertial sensors to 

evaluate static balance in patients with Parkinson’s Dis-
ease, concussion, fall risks, and diabetic neuropathy.19 Re-
cently, the addition of a wearable inertial measurement 
unit (IMU) during the BESS produced reliable, clinically 
accessible objective BESS scores without requiring human 
judgment from a trained test administrator.20 The Sway 
Mobile Balance Application (SWAY App) similarly uses the 
accelerometer in a modern smart phone or tablet to assess 
static balance during a modified BESS (mBESS). The mBESS 
administered by the SWAY App demonstrated good test-
retest reliability in healthy participants (ICC = 0.76)21 and 
is often used for concussion baseline testing in youth and 
collegiate athletics (r = 0.75-0.78).22 This commercially 
available tool may also be useful for clinical assessment of 
static balance in individuals with acute ankle sprains. 
The primary purposes of this study were to determine 

the ability to differentiate between those with ankle sprain 
versus controls (construct validity) and ability to detect 
change over time (responsiveness) of a mBESS assessment 
using a mobile device application to evaluate static balance 
after an acute ankle sprain. A secondary purpose was to 
determine the relationship between the mobile device ap-
plication and laboratory-based static balance assessment 
(concurrent validity). It was hypothesized that the appli-
cation could differentiate individuals with an ankle sprain 
from healthy controls, measure improvements in balance 
control over time, and demonstrate strong correlation with 
the laboratory assessments of static balance control. 

METHODS 
STUDY DESIGN 

This study was a case-control design. The first primary aim 
compared static balance between participants with an acute 
ankle sprain with a group of healthy controls (construct 
validity). The second primary aim assessed static balance 
following a four-week rehabilitation program (responsive-
ness). The secondary aim determined the relationship be-
tween static balance as assessed by the SWAY application 
and laboratory-based static balance assessments using a 
laboratory-grade force plate (concurrent validity). 
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PARTICIPANTS 

Military academy Cadets were recruited through brochures 
and announcements within the Arvin Cadet Physical Ther-
apy Clinic within Keller Army Community Hospital. The 
study was approved by the Naval Medical Center 
Portsmouth Institutional Review Board, and all participants 
provided written informed consent prior to participation. 
Participants in the injured group were diagnosed with an 

acute grade I or II lateral ankle sprain by a physical ther-
apist practicing in a direct-access musculoskeletal clinic. 
Acute was defined as occurring within the past two weeks 
at the time of the initial evaluation. Participants in the 
healthy group were Cadets free from any lower extremity 
injury including an ankle sprain within 12 weeks of enroll-
ment. Participants with a history of lower extremity surgery 
involving the foot or ankle, concussion within the past six 
months, or any disorders known to affect balance (i.e. knee 
sprain, lumbar radiculopathy, etc) were excluded from both 
groups. 

PROCEDURES 

All participants completed a baseline assessment that in-
cluded, in order, pain (via the Numerical Pain Rating Scale), 
self-reported function, (via the Single Assessment Numeric 
Evaluation and Quick-Foot and Ankle Ability Measure), an-
kle dorsiflexion range of motion (weight-bearing lunge 
test), dynamic balance (Y-Balance Test/Modified Stare Ex-
cursion Balance Test)), and static balance (SWAY modified 
Balance Error Scoring System). 

NUMERICAL PAIN RATING SCALE (NPRS) 

The NPRS measures a patient’s subjective report of pain 
on an 11-point scale with ratings ranging from 0 (no pain) 
to 10 (worst possible pain). Participants reported their cur-
rent pain and maximum pain over the past seven days. This 
scale is a valid and reliable measure of global pain intensity, 
with an MCID of two points.23,24 

SINGLE ASSESSMENT NUMERIC EVALUATION (SANE) 

The SANE is a global rating scale that is a reliable and 
responsive (CVME <1%, MCID 7-19%) tool of global func-
tion.25,26 The SANE is scored on a 0-100% scale with 0% be-
ing unable to function and 100% equaling full function. 

THE QUICK FOOT AND ANKLE ABILITY MEASURE 
(QUICK-FAAM) 

The Quick-FAAM is a 12-item questionnaire shortened 
from the 29-item Foot and Ankle Ability Measure 
(FAAM).27 The FAAM is a reliable, valid, and responsive 
(ICC 0.82, MDC 6.5%) measure of ankle function28‑31 and 
compares favorably to other self-report instruments that 
measure ankle instability in categories of test-retest relia-
bility, internal consistency, construct validity, and respon-
siveness.32 

WEIGHT-BEARING LUNGE TEST (WBLT) 

Ankle dorsiflexion range of motion is often limited in peo-
ple with ankle instability12,33 and can influence perfor-
mance on balance tasks.34 Performance of the WBLT is re-
liable (ICC 0.85 – 0.96) and demonstrates adequate 
responsiveness (MCD 3.7 – 3.8 degrees) in the clinical as-
sessment of ankle dorsiflexion range of motion.35 Both the 
involved and uninvolved ankles were tested. Participants 
were instructed to attempt to place their ankle in maximum 
dorsiflexion while maintaining full foot contact with the 
floor while the investigator placed a digital inclinometer in 
the sagittal plane along the anterior tibia to measure the 
WBLT.35,36 Hand support on a wall was allowed during all 
test trials. Participants were instructed to move “as far as 
you can” through their entire available range without stop-
ping because of pain. Three practice trials were followed by 
three record trials and the average of the three trials was 
recorded. 

DYNAMIC BALANCE: Y-BALANCE TEST LOWER QUARTER 
(MODIFIED STAR EXCURSION BALANCE TEST) 

The Y-Balance Test Lower Quarter (YBT-LQ) is an instru-
mented version of the Star Excursion Balance Test. The test 
is performed by standing on one leg without shoes while 
reaching in three different directions (anterior, posterome-
dial, and posterolateral) with the other leg.37 The YBT-LQ 
has good to excellent interrater reliability (0.85 – 0.91).38 

Participants completed six practice trials in each reach di-
rection (anterior, posteromedial, and posterolateral) bilat-
erally prior to the assessment to account for learning ef-
fects.39 Participants then performed three record trials, the 
average of which was recorded. If any errors occurred (i.e. 
touching the foot to the ground), the trial was terminated 
and not recorded. Limb length was measured from the ante-
rior superior iliac spine (ASIS) to the medial malleolus. The 
recorded distances were normalized to limb length then 
summed to calculate a composite score. 

MODIFIED BALANCE ERROR SCORING SYSTEM (MBESS) 

The SWAY App uses a proprietary algorithm to calculate a 
balance score using information collected from the mobile 
device’s inertial sensors during testing. The SWAY App 
mBESS consists of five test positions all performed for 10 
seconds with the participant’s eyes closed on a hard level 
surface. The positions were feet together, tandem involved 
(injured leg behind uninjured leg), tandem uninvolved (un-
injured leg behind injured leg), single leg stance involved, 
and single leg stance uninvolved. For the injured group, 
the tandem and single leg test positions were categorized 
as involved and uninvolved leg based on the side of ankle 
injury. For the healthy control group participants, the in-
volved side (right or left) was categorized the same as their 
matched injured participant. The participant held the mo-
bile device administering and recording postural sway dur-
ing the mBESS flat against their chest with elbows main-
taining contact with the trunk. After an acclimation trial 
with the SWAY App and mobile device, the participant per-
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Figure 1. SWAY position example for static balance       
assessment  

formed three trials of the mBESS. SWAY mBESS scores are 
unitless, derived from undisclosed proprietary manufac-
turer calculations, and can range from 0 to 100, with 
greater scores indicating better balance. 
Prior to performing the modified version of the BESS, the 

investigator applied a retroreflective marker to the mobile 
device (Figure 1). Concurrently with measurements taken 
from the mobile device, center of pressure (COP) was cap-
tured with a force plate (AMTI, Watertown, MA) sampling 
at 1200 Hz. Ground reaction forces were recorded using 
Vicon Nexus software (Vicon, Oxford UK) and processed 
in Visual3D software (C-Motion, Germantown, MD USA). 
Force plate COP data were filtered using a zero-lag, 2nd or-
der, low-pass Butterworth filter with a cut off frequency 
of six Hz. Root-Mean-Square (RMS) sway area was calcu-
lated about the mean anterior-posterior (A-P) and medial-
lateral (M-L) COP displacement (disp) (RMS = 

) along with mean and peak A-P 
and M-L COP velocities using a custom LabVIEW program 
(National Instruments Corp., Austin, TX, USA). 
Participants in the injured group then completed four 

weeks of ankle of rehabilitation based on the current stan-
dard of care for acute ankle sprains.5 Rehabilitation was 
performed by six sports physical therapy fellows and con-
sisted of a combination of in-clinic therapy and at-home 
exercise programs with interventions to restore normal 
range of motion, strength, and balance. Balance training 
included single leg stance activities progressing in level of 
difficulty (i.e. single leg stance with eyes open to single leg 
stance with eyes closed over stable surfaces to over unstable 
surfaces). Rehabilitation was progressed based on patient 
presentation and symptom response. Details of the ankle 
sprain rehabilitation program and criteria for progression 

can be found in Appendix A. Upon completion of four weeks 
of rehabilitation, participants in the injured group were re-
assessed using the same protocol described at baseline. 

STATISTICAL ANALYSIS 

Descriptive statistics for age, height, and body mass were 
calculated with means and standard deviations reported. 
Differences in overall and mean SWAY scores for each test 
position between the injured and healthy groups were com-
pared using an independent t-test. A paired t-test com-
pared the mean overall and individual test position SWAY 
scores of the injured group at baseline to four-week follow-
ups. Cohen’s d (d) effect sizes were calculated, with 0.8 in-
dicating a large, 0.5 indicating a medium, and 0.3 indi-
cating a small effect.40 Additionally, Pearson correlations 
explored the associations between SWAY scores and a labo-
ratory-based measure of static balance from the force plate 
(COP RMS and velocities). Correlation coefficients were in-
terpreted as strong (r  0.75), moderate-good (r = 0.50 – 
0.74), low-fair (r = 0.25 – 0.49).40 All tests were two tailed 
and the significance level for all analyses was set at α = 
.05. A Bonferroni correction was used to control for fam-
ily-wise type 1 error with multiple comparisons when test-
ing the hypotheses of the ability of SWAY scores to dis-
tinguish between healthy and injured participants and to 
detect change over time (six comparisons, p = .008). All sta-
tistical analyses were completed using SPSS (version 28; 
IBM Corp, Armonk, NY, USA). Secondary analysis of subjec-
tive functional outcomes, ankle dorsiflexion range of mo-
tion, and dynamic balance included independent t-tests to 
examine differences between participants with ankle sprain 
and health controls and paired t-tests to examine differ-
ences in participants with ankle sprain at baseline and after 
four weeks of rehabilitation. 

RESULTS 

Forty-two military Cadets consented to participate in this 
study: 22 (5 Females) with acute ankle sprains (injured 
group) and 20 (5 Females) healthy controls (healthy group). 
The mean ± SD time from the evaluation for ankle sprain to 
first data collection was 6.1 ± 3.2 days. Two participants in 
the injured group did not complete their second data col-
lection after completion of the standard rehabilitation and 
their data were not included in the analysis of responsive-
ness over time within the injured group; their data were 
used in the comparison with the healthy controls. There 
were no statistically significant differences in age, height, 
and weight between groups (Table 1). 

CONSTRUCT VALIDITY 

Participants with acute ankle sprains had lower total SWAY 
scores than healthy participants (p =0.004) with a mean 
overall SWAY score of 74.4 ± 15.3 in injured versus 85.6 ± 6.5 
in healthy participants. Injured participants scored worse 
than healthy participants in two mBESS stances: Tandem 
Involved (injured leg behind uninjured leg) [71.5 ± 22.4 for 
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Table 1. Demographic characteristics of both groups of participants, presented as mean (SD)            

Group n Age (years) Height (m) Mass (kg) 

Injured 22 (5F) 20.6 (2.0) 1.7 (0.1) 80.7 (15.0) 

Healthy 20 (5F) 20.8 (1.3) 1.7 (0.1) 81.5 (15.9) 

No significant differences between groups for age, height, or weight were identified (p = 0.756, p = 0.674, p = 0.869 respectively. 

Table 2. SWAY Balance scores by stance comparing the injured group at baseline to the healthy group.                

Test Position Injured 
n = 22 

Healthy 
N = 20 

p-Value Effect Size 

Feet Together 98.1 (1.4) 99.0 (1.1) .028 0.70 

Tandem Involved 71.5 (22.4) 88.6 (8.5) .002* 0.99 

Tandem Uninvolved 76.4 (21.9) 86.5 (14.2) .084 0.54 

Single Leg Involved 58.6 (21.7) 76.7 (12.4) .002* 1.01 

Single Leg Uninvolved 67.2 (26.7) 76.7 (14.2) .155 0.44 

Total SWAY Score 74.4 (15.3) 85.6 (6.5) .004* 0.94 

** = significant difference between injured and healthy groups, p < .008. Sway Mobile Balance Application (SWAY) 

Table 3. Self-Report and Clinical Outcome Measures comparing the injured group at baseline to the healthy               
group.  

Clinical Outcome Measure Injured 
n = 22 

Healthy 
n = 20 

p-Value Effect Size 

SANE (%) 63.6 (17.9) 97.6 (6.1) <0.001* 2.49 

Q-FAAM (%) 51.0 (16.5) 99.4 (1.7) <0.001* 4.03 

Pain Last 7 Days (VAS) 5.2 (2.0) 0.2 (0.5) <0.001* 3.42 

Current Pain (VAS) 1.7 (1.3) 0.0 (0.1) <0.001* 1.78 

WBLT Limb Difference (deg) 7.2 (4.8) 2.8 (1.8) <0.001* 1.20 

mSEBT (%) 96.6 (13.8) 106.9 (12.0) 0.014* 0.79 

mSEBT Limb Difference (%) 9.6 (7.2) 2.2 (1.7) <0.001* 1.40 

* = significant difference between injured and healthy groups, p < .05. 
Single Assessment Numeric Evaluation (SANE), Quick Foot and Ankle Ability Measure (qFAAM), Visual Analog Scale (VAS), Weight-Bearing Lunge Test (WBLT), Degrees (deg), Modi-
fied Star Excursion Balance Test (mSEBT) 

injured and 88.6 ± 8.5 for healthy; p = 0.002] and single leg 
involved [58.6 ± 21.7 for injured and 76.7 ± 14.2 for healthy; 
p = 0.002] (Table 2). 
The magnitude of SWAY score difference between in-

jured and healthy groups was greatest during the single 
leg involved test position (d = 1.01). SWAY scores were not 
significantly different between injured and healthy groups 
during the tandem uninvolved (uninjured leg behind in-
jured leg) and single leg uninvolved test positions. The in-
jured and healthy groups were also significantly different in 
all self-report and clinical measures assessed (Table 3). 

RESPONSIVENESS 

Injured participants’ overall SWAY scores significantly in-
creased from 74.2 ± 16.1 at baseline to 82.7 ± 9.5 after four 
weeks of ankle rehabilitation (p = .004, mean assessment 
interval: 32.4 ± 6.5 days) (Table 4). Overall SWAY scores 
for healthy participants (85.6 ± 6.5) were not significantly 
different from the SWAY scores for injured participants af-

ter four weeks of ankle rehabilitation (p = 0.17). Individual 
test position mBESS scores of the injured participants sig-
nificantly improved between baseline and follow-up assess-
ments in the tandem involved position (70.3 ± 23.2 at base-
line and 84.7 ± 13.3 at follow-up; p = 0.006) and single leg 
involved position (61.7 ± 20.0 at baseline and 72.5 ± 12.9 at 
follow-up; p = 0.008) (Table 4). 
The test position with the greatest magnitude improve-

ment in SWAY score between baseline and follow-up as-
sessment times was the tandem involved position (d = 
0.70). There were no differences in SWAY scores between 
baseline and follow-up assessment for the feet together and 
single leg uninvolved test positions. All self-reported and 
clinical measures also significantly improved between the 
baseline and four-week assessments (Table 5). 
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Table 4. SWAY Balance scores by test position comparing baseline assessment after ankle sprain to assessment               
after four weeks of recovery.      

Stance Condition Baseline 
n = 20 

4-Weeks 
n = 20 

p-Value Effect Size 

Feet Together 98.1 (1.4) 98.5 (2.1) 0.449 0.17 

Tandem Involved 70.3 (23.2) 84.7 (13.3) 0.006* 0.70 

Tandem Uninvolved 75.1 (22.6) 84.1 (14.0) 0.029 0.53 

Single Leg Involved 61.7 (20.0) 72.5 (12.9) 0.008* 0.66 

Single Leg Uninvolved 65.5 (27.4) 73.6 (21.1) 0.126 0.36 

Total SWAY Score 74.2 (16.1) 82.7 (9.5) 0.004* 0.74 

* = significant difference between injured and healthy groups, p < 0.008. 
Sway Balance Mobile Application (SWAY) 

Table 5. Self-Report and Clinical Outcome Measures comparing baseline assessment after ankle sprain to             
assessment after four weeks of recovery.       

Clinical Outcome Measure Baseline 
n = 20 

4-weeks 
n = 20 

p-Value Effect Size 

SANE (%) 63.1 (17.6) 87.6 (13.8) <.001* 1.43 

Q-FAAM (%) 50.0 (15.7) 82.1 (12.6) <.001* 2.19 

Pain Last 7 Days (VAS) 5.3 (2.0) 1.6 (1.3) <.001* 1.72 

Current Pain (VAS) 1.7 (1.3) 0.3 (0.4) <.001* 1.13 

WBLT Limb Difference (deg) 7.4 (4.8) 4.1 (3.2) .017* 4.10 

WBLT Injured Limb (deg) 36.0 (6.9) 41.3 (4.8) <.001* 1.27 

mSEBT (%) 97.6 (14.1) 105.5 (11.7) <.001* 1.17 

mSEBT Limb Difference (%) 9.0 (6.6) 4.0 (2.2) .002* 0.79 

* = significant difference between injured and healthy groups, p < 0.05. 
Single Assessment Numeric Evaluation (SANE), Quick Foot and Ankle Ability Measure (qFAAM), Visual Analog Scale (VAS), Weight-Bearing Lunge Test (WBLT), Degrees (deg), Modi-
fied Star Excursion Balance Test (mSEBT) 

CONCURRENT VALIDITY 

Total SWAY scores were moderately negatively correlated to 
RMS total displacement of COP (r = -0.59, p < 0.001) (Figure 
2). 

DISCUSSION 

The purposes of this study were to assess the construct va-
lidity, responsiveness, and concurrent validity of the SWAY 
App for detection of differences in static balance in individ-
uals after an acute ankle sprain. The results of this study 
confirmed the hypotheses that the mBESS measured with 
the SWAY App is a valid and responsive measure of static 
balance in individuals recovering from a grade I or II lateral 
ankle sprain. 
The SWAY differentiated the injured group at baseline 

and the healthy group, with a large effect size for the total 
SWAY score (d = 0.94). Additionally, the SWAY detected 
change in static balance for the injured group after four 
weeks of ankle rehabilitation, with a medium-large effect 
size for the total SWAY score (d = 0.74). Total SWAY scores 
of the healthy group (85.6 ± 6.5) in this study agree with 
previously published normative values for 20-year-old 
males (85.8 ± 11.5) and females (89.0 ± 11.2).41 

Identifying a streamlined protocol for static balance as-
sessment may reduce the number of test positions within 
the SWAY needed to assess static balance. The total SWAY 
score had a smaller effect size than the individual single leg 
involved test position (d = 0.94 versus d = 1.01) when com-
paring injured and healthy participants, suggesting that the 
individual test position may be the most efficient assess-
ment in differentiating between these two known groups. 
For determining change over time, the single leg involved 
test position had a similar effect size to the total SWAY 
score (d = 0.66 versus d = 0.74), again suggesting that the 
individual test position of single leg involved may be the 
most efficient assessment. In a study comparing center-of-
mass acceleration measurements from a mobile deice ver-
sus motion capture in healthy individuals, single leg stance 
on firm and unstable surfaces similarly demonstrated the 
highest correlations.42 Further evaluation of a simplified 
SWAY testing procedure with only the single leg involved 
test position would better determine the most efficient 
method for assessing static balance with the SWAY mBESS 
after ankle sprains. 
These findings demonstrate concurrent validity, with the 

mBESS measured by the SWAY App having a moderate, 
negative correlation to the reference standard of RMS total 
displacement of COP (r = -0.59, p < 0.001). Previous re-
search conducted by Dewan et al. evaluating the relation-
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Figure 2. Correlation between SWAY Balance Total Score and Center of Pressure (COP) Root Mean Squared (RMS)                
Total Displacement (r = -0.59, p < 0.001)         

ship between the SWAY and COP measured by a force plate 
in healthy young adults observed significant negative cor-
relations ranging from low-fair to moderate-good across 
multiple test conditions.43 In the present study, the magni-
tude of correlation was stronger (moderate-good) between 
the SWAY and RMS COP total displacement. Additionally, 
this study assessed the aggregated SWAY total score in rela-
tionship to COP RMS total displacement across all test po-
sitions, while Dewan et al. compared measures of static bal-
ance within each test position. 
The ability of the SWAY App to provide quantitative data 

during the mBESS may be a more sensitive assessment of 
static balance than raters attempting to subjectively count 
errors. Traditional qualitative balance assessment trials 
with increased postural sway but no errors could hypothet-
ically achieve a perfect score using observational assess-
ment tools while the SWAY App is able to capture postural 
sway with or without errors. Additionally, rehabilitation 
professionals working in telemedicine could employ this 
technology to assess balance remotely and use that infor-
mation to recommend rehabilitation programs better tai-
lored to specific patient impairments. 
This study has several limitations. The population as-

sessed was a relatively young, healthy, and active popula-
tion, which may not generalize to other population groups. 
Static balance was only assessed at two time points in re-
covery. Adding additional assessments through the first six 
weeks of recovery from ankle sprain may increase under-
standing of variability over time. Also, long term follow-up 
assessments were not completed, which limits the ability 
to determine the sensitivity of the SWAY to detect subtle, 
lingering deficits in static balance. Future research in this 
area should incorporate more frequent assessments and 

follow participants for a longer duration to attempt to de-
termine patients at increased risk for CAI. Identifying pa-
tients at risk for CAI relatively early in rehabilitation may 
allow more effective intervention and justify additional fo-
cus on balance control training even after the most obvious 
ankle sprain symptoms have resolved. 

CONCLUSION 

The SWAY can identify deficits in static balance in patients 
after acute ankle sprains and is responsive to improvements 
in static balance during recovery. SWAY scores have mod-
erate to strong negative linear relationships with labora-
tory-based assessments of balance control illustrating the 
application’s technical sensitivity. Overall, this study 
demonstrates the validity and responsiveness of the SWAY 
and expands the utility of the clinical assessment into mus-
culoskeletal conditions, specifically, acute ankle sprains. 
The SWAY may warrant inclusion in the routine assessment 
of static balance after ankle sprain. 
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