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Postural control and fear of falling in persons with low-level paraplegia
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Abstract—Falls are prevalent reas ons for spina 1 cord injury
(SCI). Postinjury fear of falling (FOF) can affect rehabilitation
potential. We quantified FOF in 15 men with paraplegia (ambu-
latory with bilateral knee-ankl e-foot orthoses [KAFOs] and
elbow crutches) in correlation with their postural control at the
center for long-term SCI rehabilitation of a tertiary-care teach-
ing hospital. Our outcome measures comprised the America n
Spinal Injury Association Impairment Scale, the Modified Falls
Efficacy Scale (MFES), postural sway meas urements in the
anteroposterior and mediolateral directions; and walking speed,
cadence, and endurance. We assessed FOF with the MFES fol-
lowed by measuring postural sway with a force platform. We
measured gait parameters by asking the participant to ambulate
on an indoor pathway. The mean postural sway was 314.13 +/—
184.05 mm (mean +/— standard deviation) in the anteroposte-
rior direction and 222.16 +/— 1 12.34 mm in the mediolateral
direction. The MFES score was 41.29 +/— 12.77, which showed
a statistically significant negative correlation with postural con-
trol. The self-perception of ¢ onfidence as measured by MFES
might not really represent the actual postural stability in indi-
viduals with low-level paraplegia. FOF can adversely affect the
postural control of individuals with low-level paraplegia. Clini-
cians should consider FOF as an infl uential factor in postural
control during rehabilitation.

Key words: ambulation, fear of fall  ing, knee-ankl e-foot
orthoses, paraplegia, postural control, rehabilitation, spinal cord
injury, walking cadence, walking endurance, walking speed.

INTRODUCTION

Rehabilitation after spinal cord injury (SCI) is primarily
based on the neurological level. The amount of motor and
sensory preserva tion decides the patient” s a mbulation
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potential [ 1]. Most individuals with low-level par aplegia
can become ambula tory with kn ee-ankle-foot or thoses
(KAFOs). Paraplegic a mbulation using K AFOs has b een
well documented in the literature [2]. KAFO use allows
patients access to confined areas in the home and workplace
and entrance to non-wheelchair-accessible venues [3].

Static an d dy namic co ntrol over the stance phase is
a precursor for gait traini ng with KAFOs. T he stand ing
posture of an individual with paraplegia using KAFOs is
referred to as the “C” pos ture. The pa tient is trained to
hyperextend the lumbar (L) spi ne and hips to balance the
head, arms, and trunk over the legs. The anterior femora 1
ligament provides stability in the sagittal plane, while trunk
muscles with or without arm support contribute to coronal
plane stability. Many individuals with low-level paraplegia
can achieve static balance o fun supported sta nding with
their hands raised above th  eir head . Th is independent
standing is import ant for performing bima nual activities
of daily livin g (ADLs), such as dressing and opening a
bottle [4].

Falls are one of the most prevalent reasons for SCI,
which might later be reflected in fear of falling (F  OF)

Abbreviations: ADL = activity of daily living, AIS = Ameri-
can Spinal Injury Association Impairment Scale, COP = center
of pressure, FOF = fear of falling, KAFO = knee-ankl e-foot
orthosis, L = lumbar, MFES = Modified Falls Efficacy Scale,
SCI = spinal cord injury, T = thoracic.
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during the rehabilitation process [5]. Such a fear may
result in a self-imposed decline in activity and function.
Overcoming a patient’s FOF can be a great challenge to
clinicians. Therefore, the estimat ion of degree of FOF
enables the clinician to modify the rehabilitation program
by incorporating different exercise s and/or counse ling
sessions. These modific ations are of value in beating
FOF and achieving successful rehabilitation.

Individuals with SCI wh o were ambu latory had a
higher incidence of subsequent injuries due to a variety of
causes, including impa ired balance or gait associated
with falls [6]. Brotherton et al. found that falls are a sig-
nificant problem amon g ambu latory in dividuals with
SCI, both in terms of frequency and consequence [7-8].
They suggested incorporating specific and objective clin-
ical tests and measures into the e xamination of falls to
better identify the parti cular factors tha t may be as soci-
ated with falls. Control of posture in the standing position
is the prime factor in fall prevention. Clinically, patients
with b etter po stural control were foun dtoh ave go od
transfer and ambulation skills. Knowledge of any possi-
ble relationships between these factors contributes to the
rehabilitation process by enabling clinicians to avoid fall
incidents during training sessions. Studies have assessed
FOF in the eld erly p opulation [9] and in persons with
Parkinson disease [10] and stroke [11]. Lin et al. investi-
gated the kinem atic, kinetic, an d electro myographic
aspects of postural control during falling with rapid
reach-and-grasp balance reaction in in dividuals with
thoracic (T) SCI wearing KAFOs [12]. They concluded
that back postural muscles al one are not suf ficient to
maintain balance. No studies exist on FOF and its possi-
ble relationship with p ostural con trol of p ersons wit h
complete paraplegia. Hence, we designed this study to
estimate FOF in indi viduals with paraplegia using bilat-
eral KAFOs and elbow crutches and its effect on their
postural control. We hy pothesized that individua Is with
paraplegia with higher FOF who are am bulatory with
bilateral KAFOs and elbow crutches will ha ve less pos -
tural control. The study also explored the relationship
between postural control and gait parameters in individu-
als with paraplegia.

METHODS

We selected the participants for this correlative study
from an SCI rehabilitation center at a tertiary-care univer-

sity teaching hospital where the average inpatient rehabil-
itation program extends 12 weeks. W e consecutively
recruited 15 men with a diagnosis of T8 to L1 American
Spinal Injury Association Impairment Scale (AIS) A lev-
els during the final stages of their rehabilitation program.
All participants were between 15 and 45  years old. The
other inclusion criteria were the ability to ambulate inde-
pendently with bilateral KAFOs for a mini mum of 50 m
using an elbow ¢ rutch-assisted reciprocal 4-point gait
pattern, the ability to stand independently for at least 90 s,
and cu rrent or com pleted in patient gait training. W e
excluded participants who were female, were an ethnic
group o ther than Asian-Indian, had a b ody mass index
<18.5 or >24.9, had any associated injuries (head injury;
lower-limb and upper -limb fractures and pressure sores;
and incomplete AIS B, C, and D levels), and had any psy-
chiatric comorbidities. We based the selection criteria
of the participa nts on the earlier research findings that
postural sway measurements can vary ac cording to age,
sex, body mass index, and ethnicity [13]. We informed all
participants about the study protocol, and they signed a
consent form.

Outcome Measures

American Spinal Injury Association Impairment Scale

The AIS is the rec ommended instrument for assess-
ing sen sory and motor function after SCI [14 ]. Kappa
values for interrater reliability of the AIS have been esti-
mated to range from 0.47 to  0.87 for the motor portion
and from 0.06 to 0.93 for the sensory portion [15] and are
used in clinical trials of locomotor training [16]. Table 1
outlines the scale.

Modified Falls Efficacy Scale

The Modified Falls Ef ficacy Scale (MFES) is a 14-
item rating scale used to assess confidence in performing
ADLs without f alling [17]. Different versions of the
MEFES are available in the literature. The MFES we used
is the U.K. version, in which each item is rated from 1
(extreme confidence) to 10 (no confidence a t all) [18].
Participants who reported avoiding activities because of
FOF had higher MFES scores, representing lower self-
efficacy or confidence, than those not reporting FOF. The
independent predictors of MFES are usual walking pace
(a measure of physical ability), anxiety, and depression.
Retest reliability for the MFES was high (intraclass cor-
relation coefficient = 0.58) and internal reliability was
excellent (Cronbach alpha = 0.97) [18]. Use of the Falls
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Table1.

American Spinal Injury Association Impairment Scale.

Level Func'tlonal Description
Impairment

A Complete No motor or sensory function is pre-
served in S4-S5.

B Incomplete  Sensory, but not motor function, is
preserved below neurological level
and includes S4-S5.

C Incomplete ~ Motor function is preserved below
neurological level, and more than
half of key muscles below neurologi-
cal level have muscle grade <3.

D Incomplete ~ Motor function is preserved below
neurological level, and at least half
of key muscles below neurological
level have muscle grade of >3.

E Normal Motor and sensory functions are
normal.

S = sacral.

Efficacy Scale, the earlier version of MFES, has been
reported in patients with SCI [19].

Postural Sway

Measurement of postural sway is based on the registra-
tion and analysis of the vertical forces produced by the par-
ticipant and communicated to th e force platform surf ace.
We registered the vertical forces using transducers attached
at each corner of a Good Balance triangular force platform
(Metitur Oy ; Jyviskyl4, Finland). For the po stural sway
measurement, the participant must stand in the center of
the platform with his eyes fixed at a distance of 3~ m for
30 s. Computer software provide s the postural sway mea -
surement in two-dimen sional values. The u se o f force
platforms for balance assessment is well-documented in
the rehabilitation literature [20].

Gait Parameters
* Speed in meters per second. Walking speed in the sec-
ond minute of a 3 min walking session.
» Cadence in steps per minute. Number of steps in the
second minute of a 3 min walking session.
* Endurance in meters. Maximum distance the partici-
pant can walk with no rest.

Procedure
We asked the participants to fill out the MFES before
the postural sw ay measurement with the Good Balance .

JOHN et al. Posture and fear of falls in paraplegia

We then asked participants to stand on the force platform
with their gaze fixed ata spot 3 min the distance. We
took ea ch measurement for 30 s. W e pe rformed th ree
measurements and considered the average values for the
statistical analysis. We measured gait parameters by ask-
ing the participant to walk with their bi lateral KAFOs
and elbow crutc hes ona 50 0 m indoor p athway. We
asked participant s to walk for 3 min and recorded the
speed and cadence during the se cond minute of the ses-
sion by using a ha ndheld sto pwatch. We measured gait
endurance in another walking session in which we asked
the participants to walk to their maximum distance with-
out taking a rest.

Statistical Analysis

We analyzed data using SPS S for W indows (S PSS
Inc; Chicago, Illinois) [21]. W e c alculated the Pea rson
correlation c oefficient between FOF and ea ch parame ter
of the postural control meas urements. We set the signifi -
cance level at p < 0.05. We correlated mean postural sway
of center of pressure (COP) along the  x-axis (in the
mediolateral direction), mean postural sway of COP along
the y-axis (in the anteroposterior direction), and velocity
moment (moment of velocity from the path of the cente r
of forces) with the MFES sc ores and the participants ’
lesion levels. We analyzed the MFES scores a gainst the
gait parameters of speed, cadence, and endurance.

RESULTS

The Figure shows the distributions of p articipant’s
lesion levels. Table2 give s pa rticipants’ characteristics.
The mean MFES scores were 41.29  +12.77 (mean =+
standard deviation). The mean postural sway was 314.13 +
184.05mmin the anteroposte rior direction (Extent )
and 222.16 +£1 12.34 mmin the mediolateral direction
(Extent x). Table 3 summarizes the postural sway measure-
ments, gait parameters, and MFES score.

The re sults showed aneg ative co rrelation between
MEFES and force platform parameters, of which the Extent x
and Mean x speed were statistically sign ificant. We found
no statistically significant corr elations between the gait
parameters and MFES scores. Table4 shows statistical sig-
nificance between the various parameters studied.
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Figure.
Lesion level distribution of participants. L = lumbar, T = thoracic.

Table 2.
Participant characteristics (n = 15).
Characteristic Value

Age (yr, mean + SD) 29.87+9.21
Height (cm, mean + SD) 168.10 £7.12
Weight (kg, mean + SD) 58.00+11.44
Etiology of Spinal Cord Injury (%)

Traumatic 86.7

Ischemic 13.3

SD = standard deviation.

Table 3.
Postural sway mea surements, ga te p arameters, and Modified Falls
Efficacy Scale (MFES) scores.

Variable Mean + SD

Postural Sway Measurements
Mean x Speed (mm/s)” 7.53+3.76
Mean y Speed (mm/s)’ 10.48 + 6.14

222.16 £112.34
314.13 + 184.05

Extent x (mm)i
Extent y (mm)§

Velocity Moment (mm)! 37.09 +37.93
Gait Parameters

Speed (m/s) 14.73+£9.70

Cadence (steps/min) 28.60 + 11.35

Endurance (m) 25247+ 151.44
MFES Score 41.29+12.77

*Mean speed of center of forces along x-axis.
"Mean speed of center of forces along y-axis.
iDistance traveled by center of forces along x-axis.
§ Distance traveled by center of forces along y-axis.
TMoment of velocity from path of center of forces.
SD = standard deviation.

DISCUSSION

The present study is the first of its kind in the field of
FOF among ambulatory individuals with paraplegia. The
study q uantified FOF, which is an important consider-

Table4.
Statistical significance of study parameters.
Pearson Significance
Statistical Analysis Correlation (@-tailed)
Coefficient
MFES vs Extent x -0.54 0.04*
MFES vs Extent y -0.52 0.05"
MFES vs Mean x Speed -0.54 0.04"
MFES vs Mean y Speed -0.52 0.05"
MEFES vs Velocity Moment —0.43 0.11
MFES vs Velocity Speed -0.17 0.54
MFES vs Cadence —-0.04 0.88
MEFES vs Endurance -0.11 0.70
MFES vs Level of Lesion 0.44 0.08
Level of Lesion vs Extent x -0.43 0.17
Level of Lesion vs Extent y —0.34 0.22
Level of Lesion vs Mean x Speed —0.44 0.10
Level of Lesion vs Mean y Speed -0.34 0.22
Level of Lesion vs Velocity Moment —0.45 0.10

*Significant at <0.05.
MFES = Modified Falls Efficacy Scale.

ation in the functional outcome of rehabilitation for indi-
viduals with SCI. W e measured the scientific relation
between FOF and postural sway while considering lesion
level and gait parameters.

FOF, or the self-efficacy or confidence in performing
activities without fall ing, is multifactorial [8,22-23]. It
can be influenced by patient characteristics, such as phys-
ical capabilities and psychological status and the physical
environment. In the present study, the participants’ lesion
levels were T8 to L1 (AIS level A), making the group
comparable in their physical abilities (t he potential to
ambulate with KAFOs and elbow crutche s). The study
environment was a stable platform, which gives a feeling
of safety and gets the best possible results in the quiet
stance postural sway me asurements. The participants
were in the final st ages of their rehabilitation program,
which involves the same training protocols, so th e psy-
chological inputs were more or less equal.

The postural sway measurements (x-axis speed, y-axis
speed, Extent x, and Extent y) showed a statistically signif-
icant ( p <0.05) negative correl ation w ith t he M FES
scores. Therefore, the participants who had higher scores
(i.e., participants with more FOF ) in th e MFES had less
range of movement (i.e., better stability) recorded in either
directions. ADL performance impo ses considerable chal -
lenges in the postural stability of individuals with paraple-
gia using KAFOs and elbow crutches. Use of the upper
limbs are t he mai n possibi lity of an individual with
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paraplegia to attain independence in his or her ADLs [24].
Upper-limb use in the standing position requires high lev-
els of postural control. The decreased deviance of the COP
should be an expected positive function al gain for an
individual with paraplegia. In the present study, all partici-
pants showed good stability in their static measurements.

Even though the balance measurements showed sta-
bility, all participants we re fearful while performing
ADLs. This reve als the dif ference be tween perceptions
and clinical measurements. Patients with SCI will physi -
cally and emotionally adjust to performing activities in a
new way and this might contribute to improved self-
efficacy perception. These adjus tments are highly indi -
vidualized to each patient and need careful assessment to
promote maximum outcome of the rehabilitation pro -
gram [25]. In the pre sent study, participants underwent
training in the ADL but still doubted their ability to repli-
cate activities in their future life. The solution to over -
coming dec reased ¢ onfidence can be the inclusion of
home-based, individually tailored rehabilitation sessions.

The findings of this study are of h igh importance in
the rehabilitation of individuals with paraplegia. The use
of bilateral KAFOs and elbow crutches to ambulate has a
tremendous ener gy cost [26]. Decreased sel f-efficacy in
performing ADLs co uld contribute to nonuse of the
KAFOs in the future. Patients who choose to use bilateral
KAFOs as their preferred met hod of mobi lity must be
provided with more confidence-b uilding measures than
patients who choose a wheelchair.

FOF and gait parameters also showed negative corre-
lations but were not statistically significant. Further stud-
ies with inst rumented gait analysis might exploret he
complete association between FOF and gait parameters.
We found a statistically insignificant positive correlation
between lesion level and fo rce platform me asurements.
Though the r esults were not statistically significant, t he
positive correlation could be  due to the dif ferences in
neurological levels of injury within the study group, i.e.,
participants with T8 and T9 lesion levels possibly had
more instability than their counterparts with T12 and L1
lesion levels. Furthermore, in the present study, inclusion
criteria controlled factors (associated medical complica-
tions; amount and nature of rehabilitation; and individual
factors such as age, sex, and activity leve 1) that might
influence functional stability. Future studies should focus
on es tablishing an acceptable level of FOF scores and
developing the normative data of postural sway values in
individuals with paraplegia.

JOHN et al. Posture and fear of falls in paraplegia

CONCLUSIONS

The present study showed an association between FOF
and the postural control of the participants with paraplegia.
The FOF was negatively correlated with the postural sway
measurements in quiet sta nce. Clinicians should consider
FOF as an influential factor in postural control during reha-
bilitation of individuals with paraplegia.
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