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Summary

This study investigated differences in the dynamic balance of
paticnts with different levels of spinal cord injury (SCI) as well
as the intraclass correlation coefficient (ICC) of the modified
functional reach test (MFRT). Twenty non-standing Spinal Cord
Injured patients (13 males and 7 females) with mean age of
43.15 years (S.D = 10.03 years) participated in the study. They
were categorised into three groups based on the level of spinal
cord lesion. Group | comprised of 8 subjects with C,-T,, quad-
riplegia, group 2 compriscd of 6 subjects with T, -T, paraplegia
and group 3 compriscd of 6 subjects with T, -L  paraplegia.
The dynamic balance of all subjects was assessed using the
modified functional reach test. The data were summarized us-
ing descriptive statistics of mean and standard deviation with
further analysis using ANOVA and Pearson product correla-
tion cocfficient. The subjects with paraplegia showed higher
functional reach (dynamic balance) than the quadriplegics but
there was no significant difference in the functional reach val-
ucs among the three groups. The ICC for MFRT was high and
ranged from 0.981 to 0.992. The result of this study therefore
seems to suggest that the MFRT cannot be used to classify pa-
tients with different levels of SCI.

Keywords: Modified Functional reach, spinal cord le-
sion, dynamic balance ,measurements, intraclass correlation.

Résumé

Cettte étude evaluait la différence entre la balance dynamique
des patients et la gravite different des blesures de la noel épiniere
(SCI) aussi bien que la correlation de coefficient d interclasses
(ICC) des tests modifiés functionels(MFRT).Vingt patients
ayant la blssure dc la moelle epiniere (13males et 7 femaes)
avec la moyenne d age de  15-45 ans(SD=10.03 ans ctaient
recruites dans cette ctude. Ils etaicnt categorise en 3 groupes a
base de la gravite de la lesion de la moelle epiniere. Le premier
groupe de 6 subjects avec C5-T1 , quadriaplegie; le deuxime
groupe de 6 subjects de T6-T8 paraplegicetle troixieme groupe
de 6 subjects ave ¢ T10-L1 paraplegic.LA balance dynamique
de tous les subjects ctait evalue utilisant le test modified
fonctionels. Ces données etaient resumes deployant la descrip-
tion statistique moycnne et la deviation standard avec des analy-
ses utilisant | Anova et le cofficient de correlation de Pearson.Les
subjects avec la paraplegie avaientune balance dynamique elevee
que chez les quadriplegiques mais il n’ avait pas de difference
significative des valeurs fonctionelle parmi les 3 groupes.Les
ICC du MFRT etait elevé et variait entre 0.981 a 0.992. Le
résultat de cette étude suggere que le test modified
fonctionel(MRFT) ne peut pas etre utilise pour classifier les
patients. Ayant differents gravité de lesion de la moélle épiniere.

Introduction

Postural control or balance refers to the maintenance of the
body’s center of gravity within its basc of support during stance
or voluntary movement and in response to external perturba
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tions [1]. In normal individuals, visual, vestibular and soma-
tosensory signals arc sent to the central nervous system which
can adjust body sway and posture by integrating this informa-
tion and by controlling skeletal muscles to appropriatcly gener-
ate joint torques and adjust joint angles [2]. In spinal cord in-
jured patients however, the ncurophysiologic and anatomic com-
ponents of the postural control system arc impaired with result-
ant difficulties in balance and inhibited functional performance
(3,4]. According to Berg et al [3] a measure of balance for use
with spinal cord injured patients should be comprehensive but
reasonably short, not too complicated and safe for usc by this
patient type. One of such measures is the functional reach test
(FRT) designed to measure the limits of stability in anterior
direction [S]. The test involves the measurement of the maxi-
mal distance that subjects can reach forward while maintaining
a fixed base of support. The validity of the test in standing is
supported by Stoudt [6] who observed that reaching is a real-
world functional volitional movement that constantly imposes
a stress to balance.

The FRT was modified by Lynch et al [7] to ensure
the assessment of anterior and posterior dynamic stability in
non- standing subjects. The modified functional reach test
(MFRT) thus provides a reliable measurement of balance in
sitting. For non-standing persons with SCI, sitting balance tests
provide an indication of the subjects ability to maintain balance
[7). The MFRT is a dynamic measure of postural control that is
inexpensive, precise, stable, sensitive and clinically accessible.

In view of the fact that non-standing individuals with
SCI are challenged more than usual to maintain balance during
a variety of functional activities [8], an important aspect of the
rehabilitation of these individuals centers around conditioning
of balance responses and other interventions to counteract bal-
ance deficits. Therefore, a determination of their. balance per-
formance in relation to the various levels of lesion would be
quite important to physical therapists who as a key member of
the health tcam have to assess the ability of the SCI individuals
to perform functional activities required in everyday life in spite
of their disability [9).A study by Lynch et al [7] on the reliabil-
ity of the MFRT in subjects with SCI reported high intraclass
correlation coefficient and significant differences in functional
reach of subjects with high and low SCI. However, the study
was conducted with subjects sitting on a hard surface whereas
SCI paticnts sit most of the time on wheel chairs while carrying
out their activities of daily living. Also, all subjects in the study
by Lynch et al [7] had complete SCI.. The purpose of this study
therefore was to assess the intraclass correlation coefficient (ICC)
of the MFRT and see whether the test can discern between
subjects with different levels of SCI.

Materials and methods

Subjects

Twenty (20) non-standing SCI patients (13 male and 7 females)
with a mean age of 43.15 * 10.3 years participated in this study.
Subjects were selected through a purposive sampling technique
from: the University College Hospital, Ibadan (6 subjccts),
National Orthopaedic Hospital, Igtobi Lagos (4 subjects) and
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ation of Nigeria ,Maryland, ngos

(10 subjects). All the subjccts'wcrc seen at Icas;IS w.cckisn:;:lc:

their initial phase of rchabilitation and met the following

sion criteria as advanced by Lynch et u! [7): - )

1 All subjects were non - standing persons with com

plete or incomplete spinal cord lcsnops accordmg to

the American Spinal Injury Association (ASIA) im-

pairment scale (10). Non - standing persons were se-

lected so that there would be no lower - extremity
motor function to allow the subject to weight bear on
the feet when reaching foward in sitting.

All subjects were able to sit independently on a wheel

chair with a backrest.

3. Subjects were excluded by on - site evaluation if they
demonstrated less than 90 degrees of shoulder flex-
ion, an elbow flexion contracture or presence of mus-
culoskeletal deformitics in the upper extremity used
in reaching.

4. Subjects must be able to develop adequate muscle
force to maintain shoulder flexion during reaching
(as measured by a break test of shoulder flexors) and
have adequate range of motion at the shoulder as
measured by a goniometer.

Spinal Cord Injury Associ

~

5, Certificd blind and deaf, non - standing SCI persons
were excluded from the study.
6. Spasticity, a common sequela in persons with SCI

was not part of the inclusion or exclusion criteria.

Spasticity was not measured in any of the subjects.
The subjects were then divided into three groups based on the
SCI diagnosis as follows:

Group 1: Subjects with C, - T, Quadriplegia

Group 2: Subjects with T, - T, Paraplegia

Group 3: Subjects with T,, - L, Paraplegia

The level and severity (complete or incomplete) of
the SCI were based on the report of the orthopaedic or neuro-
surgeon and confirmed by clinical examination by the rescarch-
ers. Lesions at lower levels especially cauda cquina lesions were
excluded since such lesions will cause damage to spinal nerve
roots rather than the spinal cord such that the patient may have
better functional capacity and potential for recovery

Instrumentation

I An inclastic tape measure(Butterfly model, made in
China) graduated in centimeters attached to the wall
for mcasurement of functional reach, .

2; Universal goniometer for measuring range of shoul
der motion.

3: Wheelchair for subjects to sit in during test.

Procedure

Informed consent was obtained from the subjects as soon as
they were found to be eligible for the study. Ethical approval
was obtained from the Ul /UCH Joint Ethical Commitee and
thg authoritics of National Orthopedic Hospital Igbobi and
Spinal Cord Injury Association Of Nigeria,Lagos before the
commencement of data collection. The procedure was then ex-
plalflcd to the subjects before the commencement of data col-
lcct.xon. Each subject was positioned on the wheelchair and a

of the wheclchair and right upper extremity flexed to 90 de-
grees parallel to and at the same level with the inclastic tape
measure but not touching the wall. The initial reach was mea-
sured as the distance between the ulnar styloid process and ac-
romion process of the same upper cxtremity since the quad-
riplegic subjects in this study could not make a fist thereby
making it impossible to use the third metacarpal originally used
in studies of FRT [5,11,12].

For final reach; each subject maximally reached for-
ward as far as he was able to go with the flexed upper extremity
without any assistance. After moving to the limits of his ability
without loss of balance, measurecment was then taken following
the format described above. The right upper extremity was the
one uscd for reaching activity [7] and subjects used the non-
standing upper extremity for counter balan.cc only (no weight
bearing or holding was allowed). T!xc suchc_ts were guardcd
for safety and the trial was repcated if the subject required as-
sistance to recover to the backrest of the wheelchair.

Each subject had three trials with rest after each trial.
The mean of these trials was recorded(7). This represent the
maximal functional reach (first trial). Ten minutes after the
initial three trials, the wholc procedure was repecated and an-
other set of data collected (representing the repeated trial). A
single rater collected all data for this study and subjects main-
tained the same sitting position for each trial to ensure consis-
tency.

Treatment of data

The mean and standard deviation of all data were calculated. A
one-way analysis of variance (ANOVA) was used to test for
difference among the means for reach in the three groups. Test-
retest reliability of the FRT was cvaluated using intraclass cor-
relation cocfficients between the first trial and the repeated trial
[13].Alpha level was set at 0.05.

Results

The biodata of subjects are presented in Table 1. Twenty sub-
Jects (13 males and 7 females) participated in this study.

Table 1: Biodata of subjects

Group No..of % of Mean Min  Max Mean
subjects  subjects duration  age age age
of SCI  (yrs) (yrs) (yrs)

(wks)
1 8 40 128.38 41 57 46.75
S.D= S.D=
" 178.44 5.65
2 6 30 26.00 23 65 4233
S.D= SD.=
20.47 15.97
3 6 30 87.37 28 46  39.17
S.D.= SD.=
100.37 6.49

Group 1. Subjects with C,-T, Quadripligia
Group 2: Subjects with T=T, Paruplcg'l;x
Group 3: Subjects with T - [ e

10 = L, Paraplegia

Subject's age ranged from 23 10 65 years with a mean of 43.15
years {SD =10.03). 8 subjects were in group | (C, - T Que‘ld'-
riplegia) while 6 subjects cach were in groups 2 a;ld 3I (upper
and‘ lower paraplegia) respectively.  Fourteen (70%) of E’hc
subjects had complete spinal cord lesion while only six (30%)
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had incomplcte spinal cord lesion. Each of the three groups
had two subjects with incomplete SCI. The functional reach
scores of subjects in the three groups are shown in Table 2. The
subjects in group 3 had the highest functional reach.

(x =29.47cm, SD = 19.44 while subjects in group | had the
lowest (x =13.79cm, SD = 9.73).

Table 2: Functional reach scores of subjects in the three

groups

Group  Min reach Max reach Mean + S.D.
(cm) (cm)

1 2.70 27.80 13.39+9.73

2 7.00 41.80 26.77 £ 13.63

3 8.30 57.50 29.47 £ 19.44

Group 1: Subjects with C, - T, Quadriplegia
Group 2: Subjects with T, - T, Paraplegia

Group 3. Subjects with T, - L, Paraplegia

The modified functional reach scores of the subjects
in the 3 groups were compared using the onc way analysis of
variance (ANOVA). The level of significance for the test was
x=0.05. Analysis showed that there was no significant differ-
ence between the modified functional reach scores of the three
groups (P=0.115). This is illustrated in table 3. The intraclass
correlation cocfficients between the first trial and the repeated
trial are shown in table 4. These were calculated for all the
groups.

Table 3: ANOVA table for comparison of modified func-
tional reach of subjects with different levels of SCI

Sourcc of Sunof Decgrces Mcan Obscrved Proba Com-
variation squarcs of squarc F bility ment
frcedom

Between
groups 1007.430 2 503.715

2459 0.115 N.S
Within 3483.275 17 204.840
groups

Table 4: Pearson product moment correlation between the
first trial and the repeated trial.

Group | n=8 Group 2n=6  Group 3 n=6

FTVRT 0.989 0.981 0.992
Key. FT = First trial

RT = Repeated trial

Group 1: Subjects with C, - T, Quudriplegia

Group 2: Subjects with T, - T, Quadriplegia

Group 3: Subjects with T,, - L, Paraplegia
Discussion

The result of this study did not show any significant difference
between the functional reach scores (dynamic balance) of sub-
jects with different levels of SCI. However the results indi-
cated that the mean functional reach scores (dynamic balance)

increased as the level of SCI became lower. This finding ap-
pears to be reasonable because people with lower level paraple-
gia tend to have greater functional capabilities than people with
higher levels of lesion. The subjects with T10-L1 lesion had
abdominal and back extensor muscles that were unaffected by
their SCI which apparently gave them greater advantage in
movement control [7].

The higher mean functional reach in subjects with
lower spinal cord lesion in this study was in agreement with
that of the study by Lynch et al [7]. However, in this study,
there were no significant differences between the functional
reach of subjects with lower and higher levels of lesion and
hence balance ability. This obscrvation may be explained by
the wide variations within the groups occasioned probably by
the stage of rchabilitation of the subjects. The standard devia-
tions for mean functional reach scores for groups 1, 2 and 3
were 9.73, 13.63 and 19.44 respectively as against 7.6, 4.3 and
5.6 for groups 1 (C5 - C6) group 2 (T1 - T4) and group 3 (T10
- T12) respectively in the study by Lynch et al [7]. According
to Weiner et al [14] the stage of rehabilitation affects the ability
to reach forward. Furthermore, the disparity between the re-
sults of this study and that of Lynch e al (7) may be duc to
differences in the classification of subjects to groups according
to injury level.

The results of this study showed that different levels
of SCI have no significant effect on dynamic balance perfor-
mance of non- standing persons with spinal cord injury. For-
ward reach in sitting position is a real world functional move-
ment that constantly imposes a stress on balance. The findings
of this study showed that non-standing persons with SCI were
able to reach forward to various extents depending on the levels
of cord lesion in agreement with the submission of Hammell
[4] that levels of cord lesion affect functional capabilities of
subjects with SCI. Furthermore, the test-retest reliability of the
MFRT varied from 0.981 to 0.992. This showed a high reli-
ability of measurement obtained with the MFRT. This is in
accordance with the findings of Lynch et al [7] who recorded
ICC values ranging from 0.85 to 0.94. In addition, the ICC
values for test-retest .reliability of this study was similar to those
documented by previous workers on functional reach studies
(5, 11, 12,14].

Limitations

The present study was limited by a small sample size occasioned
by the stringent inclusion criteria and large variation in the stage
of rehabilitation of the SCI subjects. Future studies should hence
endecavor to involve large sample size of subjects at comparable
levels of rehabilitation. Future studies may also examine the
predictive validity of the MFRT..
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