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=Abstract=

Purpose: To design novel balance tests to assess FAI and evaluate whether these tests are affected by BMI or gender, with the goal
of developing reliable FAI assessment tests that are not influenced by these factors.

Materials and Methods: Participants included 20 young, healthy volunteers, 12 males and 8 females, with a mean age of 24+4 years
and a mean BMI of 23+2.28. None of the subjects had known ankle instability. The following tests were assessed in each
participant: single leg balance (SLB), percentage of leg press (PLP), single leg cycling (SLC), one leg squat (OLS), multiple
direction reach-front/back/side (MDR-F/B/S), single leg hop (SLH), two leg jump (TLJ) and side step (SS). Data were analyzed
using the SPSS 12.0 software program with ANOVA and #-test used.

Results: When grouped by BMI, we found that despite differences in BMI, the performances of all subjects were equivalent except
for the one-leg-squat test, for which the mean ratios for underweight (1.69+0), normal weight (1.05+0.19), and overweight
(0.93+£0.30) individuals were significantly different (p=0.02); ratios for SLB (p=0.273), SLC (p=0.903), PLP (p=0.664),

MDR-F/B/S (p=0.498, 0.908, and 0.503, respectively),

SLH (p=0.332) were not significantly different. When calculated

according to gender, we found that the OLS (p=0.013) and MDRS (p=0.034) were significantly different, while parameters for all

the remaining tests were not affected.

Conclusion: We found that the SLB, PLP, SLC, MDR-F/B, and SLH ratios were unaffected by BMI or sex and, therefore, are reliable

parameters for assessing ankle instability.
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Introduction

Ankle sprains are common injuries, especially in sports
that involve jumping and cutting movements."” Individuals
with functional ankle instability are evaluated for postural

stability using balance tests that indirectly provide feedback
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on the sensorimotor system.2’3) Balance may be impaired by
sensorimotor deficiencies associated with functional ankle
instability. A reported 10-30% of individuals with sprained
ankles go on to develop chronic ankle instability.4’5)
Recurrent ankle injury occurs in 70-80% of athletes who
have experienced lateral ankle sprains,”” while residual in-
stability is seen in 20-40% of individuals after lateral ankle
sprams.8’9) Chronic ankle instability results from repeated
anterior talofibular ligament (ATFL) and calcaneofibular lig-
ament (CFL) injuries, and is associated with ligament laxity,
muscle weakness, diminished proprioception, and/or postur-
al control deficits.'""* Ankle instability can be mechanical
or functional. Mechanical instability occurs when injury to a
joint results in pathological laxity. Functional instability is
associated with impairments in postural control, joint posi-
tion sense, joint conduction velocity, and strength. Clinicians
must be aware of which balance tests detect deficits that are
associated with functional ankle instability.”"” Multiple
tests have been designed to evaluate ankle balance to predict
future ankle sprains.lg) Static and dynamic balance tests re-
lated to sensorimotor function have been advocated to eval-
uate functional instability. Stabilometers are used to evaluate
dynamic balance but are more useful in the setting of acute,
rather than chronic, ankle instability.zo) Recent research has
been directed toward applying landing test protocols that as-
sess time-to-stabilization and joint displacement resulting
from jumping or stepping down to assess postural control.>' >
It is critical to determine whether the results obtained truly
reflect the prevailing instability or whether they are con-
founded by other factors. To our knowledge, there have been
no studies assessing whether gender or BMI (Body Mass
Index) has any effect on functional ankle stability, which, in
turn, could affect the results of balance tests. In the current
study, we determined whether balance deficits were present
in a sample of healthy individuals using static and dynamic
balance tests designed to assess if BMI or gender had any ef-

fects on these parameters.
Materials and Methods
1. Subjects

The participants were 20 young, healthy volunteers, 12

males and 8 females, with a mean age of 24 years (range,
21-28 years) and a mean BMI of 23+2.28 (14 normal weight,
5 overweight, and 1 underweight). All were essentially
right-handed and footed. We explained the study to all par-
ticipants and got the informed consent from them, and got
permission from KUGH IRB (Korea University Guro
Hospital Institutional Review Board).

2. Test procedures

Functional ankle stability was studied using static and dy-
namic balance tests designed by our center. In the static bal-
ancing category, participants had to carry out 5 types of ex-
ercises as follows. Single leg balance (SLB): Each partic-

ipant had to balance on one leg with hands on hips and eyes

Figure 1. Participant performing the Single Leg Balance test with
his left leg.

Figure 2. Participant performing the Percentage of Leg Press test
with his right leg on the leg press machine.
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open with the unsupported leg bent to 90 degrees at the knee ipant was asked to do a one-leg-press until full knee ex-
and the foot held behind. The time until they lost balance and tension using either leg on a leg press machine and the per-
touched the unsupported foot to the ground was recorded in centage in 1 repetition maximum (RM) was calculated (Fig.
seconds (Fig. 1); Percentage of leg press (PLP): Each partic- 2); Single leg cycling (SLC): Participants were asked to cycle

Figure 3. Participant performing the Single Leg Cycling test using Figure 4. Participant performing the One Leg Squat test with his
his right leg on the cycling machine. left leg bent to 70 degrees at the knee and the unsupported right
leg held in near full extension.

Figure 5. Participant performing the Multiple Direction Reach test
to the front, back, and side, his left leg anchored to baseline and
reaching out with his right leg. (A) Multiple Direction Reach test
to the front. (B) Multiple Direction Reach test to the back. (C)
Multiple Direction Reach test to the side.
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with one leg at a time and the time until stopping from ex-
haustion was recorded in seconds (Fig. 3); One leg squat
(OLS): Participants were asked to squat on one leg, bending
the knee to 70 degrees while keeping the unsupported leg in
front in almost full extension at the knee and to hold the posi-
tion as long as possible without losing balance (test termi-
nated when the unsupported foot touched the ground) and
the time was noted in seconds (Fig. 4); Multiple direction
reach test-front/back/side (MDR-F/B/S): Participants were
asked to reach out with one foot, keeping the other foot anch-
ored to the baseline, and the distance reached by that foot
from the baseline where the toe touched the ground without
lifting the anchored leg at baseline was noted in different di-
rections, to the front, in meters, then to the back; and lastly to
the side, of the baseline (Fig. 5). In the dynamic balancing
category, each participant was asked to carry out 3 types of

Figure 6. Participant performing the Single Leg Hop test with his
right leg.

Figure 7. Participant performing the Two Leg Jump test.

exercises: Single leg hop (SLH): Each participant was asked
to do a single hop from the baseline, on one leg, using a full
swing of both upper arms, keeping the unsupported leg knee
bent at 90 degrees and the foot behind, the distance covered
from the baseline, in meters, was recorded (Fig. 6); Two leg
Jump (TLJ): Each participant was asked to jump, starting
with both feet on the ground at the baseline, both knees bent
to 90 degrees, carrying out the jump using a full swing of
both upper arms, and landing again on both feet, the distance
covered from baseline, in meters, was recorded (Fig. 7); Side
step (SS): Each participant first stood at a central ante-
roposteriorly marked baseline with feet placed equally on ei-
ther side, then stepped the left foot sideways, touching a line
marked to the left side 2 feet away from the central baseline,
then brought the foot back to the neutral position, this was
then repeated on the contralateral side, alternating for 30 sec-
onds, with the number of repetitions recorded (Fig. 8). All
participants carried out each test using the left leg first and
then using the right leg, except for the TLJ and SS for which
the test had to be carried out using both legs simultaneously.

3. Statistical analysis

We grouped participants by gender for initial performance
evaluation. Values were recorded independently for each
leg, and the ratios of right to left sides were calculated. Since
all participants were right side dominant, we considered the
right-left ratios to be equally distributed. We used SPSS

Figure 8. Participant performing the Side Step test, the centre line
is the baseline, the lines to the right and left of the baseline are
those to be touched while side stepping.
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12.0.1 (for windows, IBM Corp. New York, NY) for stat-
istical analysis. Assuming equal variances, 2-tailed in-
dependent samples #-test results were obtained for each leg
independently and for the ratios. The 2-tailed tests were used
for ratios for final interpretation. Next, we analyzed the re-
sults according to BMI. We divided participants into 3
groups: overweight (5 participants, BMI>25), normal weight
(14 participants, 23<BMI<25), and underweight (1 partic-
ipant, BMI<18.5). Similar analyses were carried out again
using these categories (Table 2). Ratios were calculated be-

tween and within groups, but only ratios between groups

Table 1. The Table Shows Results for All the Tests
According to BMI of Individuals

Mean p-value
SLB ratio Underweight 1.43+0
Normal 0.92+0.39
Overweight 1.10+0.49 0.398
PLP ratio Underweight 0.80+0
Normal 1.00+0.23
Overweight 1.01+0.03 0.614
SLC ratio Underweight 1.25+0
Normal 1.00+0.17
Overweight 1.31+0.71 0.284
OLS ratio Underweight 1.69+0
Normal 1.05+0.19
Overweight 0.9340.30 0.020
MDREF ratio Underweight 1.06+0
Normal 0.98+0.07
Overweight 0.99+0.10 0.573
MDRS ratio Underweight 0.93+0
Normal 1.04+0.08
Overweight 1.02+0.07 0.428
MDRB ratio Underweight 1.00+0
Normal 1.03+0.12
Overweight 1.03+0.13 0.974
SLH ratio Underweight 0.96+0
Normal 1.04+0.11
Overweight 0.9840.05 0.432
TLI(m) Underweight 1.2240
Normal 1.96+0.42
Overweight 1.96+0.49 0.285
SS(Rep) Underweight 18.00+0
Normal 28.79+5.96
Overweight 30.40+6.66 0.210

were considered for final interpretation. We applied the

one-way ANOVA test for the final analysis.

Results

The total number of the patients in our study of which 12
were males and 8 were females. A mean age of 2444 years
and a mean BMI of 23+2.28 (14 normal weight, 5 over-
weight, and 1 underweight). The mean SLB and PLP ratio of
underweight, normal, overweight were 1.43, 0.92+0.39,
1.1£0.49 and 0.8, 1.0+0.23, 1.01£0.03 respectively. The
mean SLC and OLS ratio of each groups were 1.25,
1.00+0.17, 1.31+0.71 and 1.69, 1.05+0.19, 0.93+0.30
respectively. The mean MDR-F/B/S ratio of each groups
1.06, 0.98+0.07, 0.99+0.1/1.0, 1.03+0.12, 1.03+0.13/0.93,
1.04+0.08, 1.02+0.07 respectively. The mean SLH, TLJ and
SS of each groups were 0.96, 1.04+0.11, 0.98+0.05, 1.22,
1.96+0.42, 1.96+0.49 and 18, 28.79+5.96, 30.4+6.66 re-
spectively (Table 1).

Table 2. The Table Shows Results for All the Tests
According to Sex of Individuals

Sex Mean p-value
SLB ratio M 0.90+0.38

F 1.12+0.45 0.359
PLP ratio M 1.0740.18

F 0.87+0.15 0.830
SLC ratio M 1.10£0.48

F 1.08+0.17 0.404
OLS ratio M 1.03+0.15

F 1.09+0.38 0.013
MDRF ratio M 1.00+0.08

F 0.97+0.07 0.535
MDRS ratio M 1.0240.05

F 1.0440.11 0.034
MDRB artio M 1.02+0.13

F 1.03+0.09 0.492
SLH ratio M 1.0440.05

F 1.00£0.15 0.069
TLI(m) M 2.22+0.25

F 1.474£0.22 0.841
SS(Rep) M 32.08+5.12

F 23.50+4.24 0.516

SLB, single leg balance; PLP, percentage of leg press; SLC,
single leg cycling; OLS, one leg squat; MDRF, multiple di-
rection reach front; MDRS, multiple direction reach side;
MDRB, multiple direction reach back; SLH, single leg hop;
TLJ, two leg jump; SS, side step; m, meters; Rep, repeats.

SLB, single leg balance; PLP, percentage of leg press; SLC,
single leg cycling; OLS, one leg squat; MDRF, multiple di-
rection reach front; MDRS, multiple direction reach side;
MDRB, multiple direction reach back; SLH, single leg hop;
TLJ, two leg jump; SS, side step; m, meters; Rep, repeats.
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The mean SLB and PLP ratio of male, female were
0.90+0.38, 1.12+0.45 and 1.07+0.18, 0.87+0.15 respectively.
The mean SLC and OLS ratio of each groups were 1.1+0.48,
1.08+0.17 and 1.03+0.15, 1.09+0.38 respectively. The mean
MDR-F/B/S ratio of each groups were 1.00+0.07, 0.97+0.07/
1.0240.13, 1.03+0.09/1.02+0.05, 1.04+0.11 respectively.
The mean SLH, TLJ and SS ratio of each groups were
1.04+0.05, 1.00£0.15, 2.22+0.25, 1.47+0.22 and 32.0845.12,
23.5+4.24 respectively (Table 2).

There were no significant differences in the ratios of SLB
ratio (p=0.359), SLC ratio (p=0.404), SLC ratio (p=0.404),
MDR-F/B ratio (p=0.535 and 0.492), SLH ratio (»=0.069),
TLJ (p=0.841) and SS (p=0.516) according to gender, while
the results for OLS ratio, MDRS ratio were found to be sig-
nificantly different (for all, p<0.05, Table 2). When analyzed
by BMI only the OLS ratio was significantly different
(p=0.020); all other ratios were not significantly different
(for all, p>0.05, Table 1).

Discussion

Although some previous studies indicated that balance
deficits may not always be associated with functional ankle
instability,”’%) a recent meta-analysis found that balance
deficits usually coexist with functional ankle instability.27)
Various static balance tests have been designed to assess
functional ankle instability. These include the foot lift test
(FLT), the time-in-balance test (TBT), and the balance error
scoring system (BESS)."" Such tests are suggested to be ac-
curate and valid for assessing balance deficits associated
with functional ankle instability.1’15’27) Some researchers
have argued that dynamic tests provide superior assessments
of lower extremity function. The star excursion balance tests
(SEBTs) were designed to address this concern and are ba-
sically multidirectional reach tests.” " Despite studies in-
dicating the clinical importance of postural control, most
recent research is conducted in laboratory settings, and
therefore requires sophisticated instruments. There have
been studies performed using simple, inexpensive equip-
ment,”” but they lack validation of reliability. All of these
tests assess balance deficits associated with functional ankle
instability, but little thought has been given to common

factors that could affect the outcomes of these tests, such as

gender or BMI. We believe these concerns require serious
consideration; as such factors are likely to affect perform-
ance during balance tests. Therefore, we designed balance
tests that combine static and dynamic balancing to assess the
sensorimotor function of the ankle. The purpose of these
tests was to assess the effects of the same stresses on the an-
kles of the participants who were healthy and without any
ankle instability. Any significant differences in outcomes ac-
cording to BMI or gender could indicate that a particular test
is not appropriate for assessing balance deficits. Tests that do
not demonstrate statistically significant differences accord-
ing to gender or BMI may be more dependable tests for as-
sessing balance deficits.

Conclusion

The single leg balance ratios, percentage of leg press sin-
gle leg cycling ratios, multiple direction reach—front/back ra-
tios and single leg hop ratios, tow leg jump and side step test
were unaffected by BMI or sex, and appear to be reliable for
assessing ankle instability. These tests may prove to be cost
effective tools for assessing lower extremity functional defi-
cits given their simple nature and lack of required expensive
equipment. Limitations of the current study include the small
sample size and the fact that only young participants were
included. Future research should examine the validity of
these tests in individuals with functional ankle instability.

Conflicts of Interest

All the authors emphatically state there is not conflict of
interest between the authors and no fund or grants were re-
ceived for the work.

REFERENCES

1. Docherty CL, Valovich McLeod TC, Shultz SJ. Postural con-
trol deficits in participants with functional ankle instability as
measured by the balance error scoring system. Clin J Sport
Med. 2006,16:203-8.

2. Jerosch J, Hoffstetter I, Bork H, Bischof M. The influence of
orthoses on the proprioception of the ankle joint. Knee Surg
Sports Traumatol Arthrosc. 1995,3:39-46.

3. Ross SE, Guskiewicz KM, Gross MT, Yu B. Balance measures
for discriminating between functionally unstable and stable

- 133 -



Harshad P Patankar, Eui-Dong Yeo, Seung-Joo Kim, Hong-Chul Lim, Myong-Hoi Hwang, Sehyun Park, Hak Jun Kim

10.

11.

12.

13.

14.

15.

16.

17.

ankles. Med Sci Sports Exerc. 2009;41:399-407.

. Anderson ME. Reconstruction of the lateral ligaments of the

ankle using the plantaris tendon. J Bone Joint Surg Am.
1985;67:930-4.

. Sammarco GJ, DiRaimondo CV. Surgical treatment of lateral

ankle instability syndrome. Am J Sports Med. 1988;16:501-11.

. Smith RW, Reischl SE. Treatment of ankle sprains in young

athletes. Am J Sports Med. 1986;14:465-71.

. Yeung MS, Chan KM, So CH, Yuan WY. An epidemiological

survey on ankle sprain. Br J Sports Med. 1994,28:112-6.

. Bosien WR, Staples OS, Russell SW. Residual disability fol-

lowing acute ankle sprains. J Bone Joint Surg Am. 1955;37-A:
1237-43.

. Brand RL, Black HM, Cox JS. The natural history of in-

adequately treated ankle sprain. Am J Sports Med. 1977;5:
248-9.

Denegar CR, Hertel J, Fonseca J. The effect of lateral ankle
sprain on dorsiflexion range of motion, posterior talar glide,
and joint laxity. J Orthop Sports Phys Ther. 2002;32:166-73.
Hale SA, Hertel J, Olmsted-Kramer LC. The effect of a 4-week
comprehensive rehabilitation program on postural control and
lower extremity function in individuals with chronic ankle
instability. J Orthop Sports Phys Ther. 2007;37:303-11.
Hubbard TJ, Hertel J, Sherbondy P. Fibular position in in-
dividuals with self-reported chronic ankle instability. J Orthop
Sports Phys Ther. 2006;36:3-9.

Baier M, Hopf T. Ankle orthoses effect on single-limb standing
balance in athletes with functional ankle instability. Arch Phys
Med Rehabil. 1998,79:939-44.

Hertel J, Olmsted-Kramer LC. Deficits in time-to-boundary
measures of postural control with chronic ankle instability.
Gait Posture. 2007,;25:33-9.

Hiller CE, Refshauge KM, Herbert RD, Kilbreath SL. Balance
and recovery from a perturbation are impaired in people with
functional ankle instability. Clin J Sport Med. 2007;17:269-75.
Konradsen L, Ravn JB. Prolonged peroneal reaction time in
ankle instability. Int J Sports Med. 1991;12:290-2.

McKeon PO, Hertel J. Systematic review of postural control
and lateral ankle instability, part II: is balance training clin-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

- 134 -

ically effective? J Athl Train. 2008,43:305-15.

Sefton JM, Hicks-Little CA, Hubbard TJ, et al. Sensorimotor
function as a predictor of chronic ankle instability. Clin
Biomech (Bristol, Avon). 2009;24:451-8.

Trojian TH, McKeag DB. Single leg balance test to identify
risk of ankle sprains. Br J Sports Med. 2006,40:610-3.
McKeon PO, Hertel J. Spatiotemporal postural control deficits
are present in those with chronic ankle instability. BMC
Musculoskelet Disord. 2008;9:76.

Caulfield BM, Garrett M. Functional instability of the ankle:
differences in patterns of ankle and knee movement prior to
and post landing in a single leg jump. Int J Sports Med.
2002;23:64-8.

Jerosch J, Thorwesten L, Frebel T, Linnenbecker S. Influence
of external stabilizing devices of the ankle on sport-specific
capabilities. Knee Surg Sports Traumatol Arthrosc. 1997;5:
50-7.

Ross SE, Guskiewicz KM. Examination of static and dynamic
postural stability in individuals with functionally stable and
unstable ankles. Clin J Sport Med. 2004, 14:332-8.

Ross SE, Guskiewicz KM, Yu B. Single-leg jump-landing sta-
bilization times in subjects with functionally unstable ankles. J
Athl Train. 2005;40:298-304.

Wikstrom EA, Tillman MD, Borsa PA. Detection of dynamic
stability deficits in subjects with functional ankle instability.
Med Sci Sports Exerc. 2005;37:169-735.

Riemann BL. /s There a Link Between Chronic Ankle Instability
and Postural Instability? J Athl Train. 2002,37:386-93.
Amold BL, De La Motte S, Linens S, Ross SE. Ankle instability
is associated with balance impairments: a meta-analysis. Med
Sci Sports Exerc. 2009;41:1048-62.

Hertel J. Functional instability following lateral ankle sprain.
Sports Med. 2000;29:361-71.

Kinzey SJ, Armstrong CW. The reliability of the star-excursion
test in assessing dynamic balance. J Orthop Sports Phys Ther.
1998,27:356-60.

Demeritt KM, Shultz SJ, Docherty CL, Gansneder BM, Penrin
DH. Chronic ankle instability does not affect lower extremity
functional performance. J Athl Train. 2002;37:507-11.



