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[ ABSTRACT
\

The ptlrpose of this study was to evaluate the effect of biofeedback training on improving
posture in sclaliotic Duchenne muscular dystrophy (DMD). The study included twenty male patients
with age rant‘ged Jfrom 8 1o 12 years old. They were selected on basic criteria to confirm the grade of
scoliosis and absence of structural deformities. Patients were randomly divided into two equal
groups. Cobb’s angle of scoliosis and functional scale were measured pre and post the suggested
period of treatment. The study group received a suggested program of biofeedback training for
scoliosis, followed by a traditional program of physiotherapy treatment, while the control group
received only a traditional program of remedial exercises. Treatment was conducted Jfor twelve
successive weeks. An improvement was noted in comparing the results of the study group, before
and after tre]atment. The collected data after termination of the suggested period of treatment of
both groups revealed significant improvement in the study group, utilizing biofeedback, compared
to those of the control group. Such an improvement included reduction of Cobb'’s angle in addition
0 an increaﬂ‘e in the functional activity. So, it should be emphasized that utilization of biofeedback
in combination with the traditional physical therapy modalities is effective in treating scoliosis in
Duchenne muscular dystrophy.

Key words: Duchenne muscular dystrophy, scoliosis, biofeedback.

! INTRODUCTION ] bilateral Trendlenberg and lumbar lordosis
| will be evident. Scoliosis, joint contractures,
uchenne  muscular dystrophy muscle atrophy and ob?sity occur when a child

17,20

(DMD) is a steadily progressive loses ambulation skills .

néuromuscular disease, with an X-
lir{ked recessive  pattern  of
inheritance?'*? It causes loss of ambulation
by the age of twelve years old. Once they are
restricted to| a wheelchair, many patients
develop secbndary complications such as
contractures, scoliosis  and  respiratory
problems' %,

As the [child loses his functional skills

due to decrease in strength, a waddling gait or

Krebs'? reported that biofeedback is used
to improve motor performance by facilitating
motor learning “behavioral learning” by using
biofeedback signal motivation and arousal.
Feedback is considered another significant
variable for motor learning and it gives
information about how the movement is
performed and how to reach the goal. It is
beneficial that the movement should be slow

and under mental concentration at the
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beginning of motor training'®'®. Biofeedback
is effective in training neuromuscular
dysfunction, both in voluntary relaxation of
unwanted activity and improving strength of
motion of the paretic muscles'.

Aim of the study

The purpose of the present study was to
investigate quantitatively the effects of the
biofeedback training on improving posture in
scoliotic Duchenne muscular dystrophy.

SUBJECTS MATERIALS AND
METHODS
Subjects
Preparatory to this study, it was
determined that the subjects chosen to

participate should meet the following criteria:
% The angle of scoliotic curve ranged
between 20° and 309, as confirmed by X-
ray examination of the spine.

Form (1): Shows the functional rating scale.

Absence

% % %

of

vertebral

structural scoliosis).
Have the ability to walk alone or with
assistance.

No surgical interference.
No associated problems (eg.
the lower limbs.

o

|
tation (non-

Shortening of

Twenty scoliotic Duchenne muscular
dystrophy were involved in this
was carried out in Abou El-Reesh and Kasr El-
Ainy Hospitals, Faculty of Medicine, Cairo
University. The sample included
with age ranged from eight to
They were randomly divided into two equal
groups; control and study groups.

Materials

A. For evaluation:

%  X-ray apparatus.
%  Vignos functional scale (Form 1).

study, which

twenty boys,
twelve years.

Grade Activity
| Walks and climbs stairs without assistance.
2 Walks and climbs stairs with aid of railing.
3 Walks and climbs stairs with aid of railing over 25 seconds for § standard steps.
4 Walks but cannot climb stairs.
5 Walks assisted, but cannot climb stairs or get out of chairs.
6 Walks only with assistance or with braces.
7 In wheelchair: sits erect and can roll chair and perform bed and wheelchair ADL.
8 In wheelchair: sits erect and is unable to perform bed and wheelchair ADL without
assistance.
9 In wheelchair: sits erect only with support and is able to do only minimal ADL.
10 In bed: can do no ADL without assistance.

Adapted from Vignos et al (1963)"
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B. For treat‘ment:

Biofeedback machine (Biofed 901
Apparatus),| which is an audiovisual device. It
is a portablq,, having the ability to measure the
average activity of the target muscles, convert
and display it into visual and acoustic signals.
It contains the following:

1) Audible vart: In the form of:

> Click: It produces a series of click
sounds,‘which increases in speed as the
contraction of the target muscle increases.
The difference between minimum and
maximulm click rate is about 100/sec.

» Tone: The resulting tone is either
continugus or pulsating in accordance with
setting of pulse switch.

2) Visual 1part: In the form of: Light bar,
having 15 segment moving dots, displays
three groups of green lights, yellow lights
and red Jights.

3) Electrodes: Three round metal plate
surface electrodes, made of platinum, two
round active recording surface electrodes
(8 mm diameter) and one round reference
surface electrode (1.5 cm diameter).

Methods

A, For evalzuation:

1- The X—r211y apparatus (antero-posterior view)
to detect }the degree of spinal curvature
(Cobb’s angle). Measurements were carried
out while the patient was in standing position
with the back against the upright cassette. The
angle of the spinal curvature was measured by
the Cobb’s angle as follows:

» The ‘cephalic (upper most} vertebral
body aﬂd the caudal (lower most) vertebral
body bf the scoliotic curve were
determined.

> Two‘ intersecting perpendicular lines,
one fr?m a line, drawn through the
superior surface of the apical vertebral
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body and the second from a line through
the inferior surface of the caudal vertebral
body of the curve.

» The angle formed by the intersection of
the two perpendicular lines was the Cobb’s
angleT'“.

2. Assessment of functional scale for each
subject was done before and after
treatment for both groups through Vignos
functional rating scale (Form 1)*'.

B. For treatment:

Patients belonging to the control group
received a physical therapy program, which
comprised strengthening the abdominal and
trunk extensors, stretching tight structures on
the concave side of the curve, stretching tight
hip flexors and erector spinae muscles, gait
training and breathing exercises. Duration of
each treatment session lasted about 45
minutes. On the other hand, the study group
patients were exposed to the same line of
treatment in addition to biofeedback training.
The biofeedback machine and the loudspeaker
system were prepared, adjusted and arranged
in front of the subject in a horizontal plane, at
the level of his sight. The three surface
electrodes were covered with a fine layer of
gel. The recording sites were located at the
belly of the thoracic paraspinous muscles. The
skin over the recording sites was prepared by
cleaning with alcohol gently to obtain the
minimurn skin resistance. The recording sites
were marked. The two surface recording
electrodes were placed and fixed on the
recording sites. The ground surface electrode
was placed and fixed on the spinous lgrocess of
the apex of the major scoliotic curve'™*.

The instrument was switched on, the
tone, frequency and sound volume were
adjusted and the subjects were instructed to
watch the colored leads and to hear the sound
of the loudspeaker. The desired movement was
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demonstrated and the patient was given three
active training trials, each consisted of a single
continuous, 30-seconds contraction of the
target muscles, with one-minute rest between
trials. After verbal command, the patient
attempted to initiate a voluntary contraction
and then improve upon that contraction
throughout 30-seconds trial period to provide
substantial exercise, while avoiding under
fatigue. Biofeedback training was conducted to
these patients for 15 minutes.

All patients were treated for five days
per week for twelve successive weeks. Each
treatment session lasted about 45 minutes.
Comparison of each patient’s data at the end of
the treatment period to that of his pre-
treatment measurements resulted in calculated
change for each variable.

1l RESULTS |

The collected data were fed into
computer for statistical analysis. The
descriptive statistics, which included the mean,
standard deviation (SD) and standard error of
the mean (SE), were calculated for all patients.
The paired t-test was done to compare between
the mean difference for all subjects. Alpha
point on 0.05 was used as a level of
significance.

In this work, the effect of biofeedback
training on improving posture in scoliotic
DMD was evaluated. As shown in table (1)
and fig. (1), the mean value of Cobb’s angle
before training was 26.8 + 4.7093° in the
control group, while decreased after twelve
weeks of treatment to 23.7 + 3.7727°. The
mean difference was 3.1°, representing a
percentage of change of 11.57 %, which
proved a significant improvement (t = 7.1494,
P < 0.001). Concerning the study group, the
mean value of Cobb’s angle before training
was 26.9 + 5.5668°, while after training the

mean value was 18.2 + 4.5898°, \;vith a mean
difference of 8.7°. The percentage of change
was 3234 %, which showed a significant

improvement (t = 15.9020, P < 0.0QOI).

|
Table (1): Shows the mean values of Cobb’s
angle (°) in both groups befor% and after
treatiment. i

Control Study
Variable - ]
Pre Post Pre Post
X 26.8 23.7 26.9 18.2
SD + 47093 | +3.7727 | +5.5668 | + 4.5898
SE 1.4903 1.1939 1.7616 1.4529
MD 3l 87
% 11.57 3234
t 7.1494 15.9020
p < 0.0 Sig. < 0.0001Sig.
Pre
30 B Post
P 25 {
:%” 20 |
w 15
2 10
(o]
© 5
0 Los i iicine
Control Study !
Patients Groups ‘
|

in both groups before and after treatr‘nent.

In this work, the effect of biofeedback
training on improving posture in scoliotic
DMD patients was evaluated. As shown in
table (2) and fig. (2), the mean value of Vignos
functional scale (VFS)*' before training was
5.2 4+ 0.7888 in the control group, while after
training the mean value was 4.6 1+|0.8433, with
a mean difference of 0.6 and a percentage of
change of 11.54 %. These results revealed that
there was a significant difference of functional
activity in the control group (t = 2.7113, P <
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0.025). Iﬁ the study group, the mean value of
VFS before training was 5.3 + 0.8233, while
after trammg was 3.4 + 08433 forming a
mean dlf‘ference of 1.9 and a percentage of
improvement of 35.89 %. These results
indicated| a significant improvement of
functional activity in the study group (t =

10.5791, P < 0.0001).

Table (2); Shows the mean values of functional
scale grades in both groups before and after
treatment.

Control Study
VYariable
Pre Post Pre Post
X 5.2 4.6 5.3 34
SD |+ 0.7888 | + 0.8433 + 0.8233 + 0.8433
SE 0.2496 0.2669 0.2605 0.2669
Post-Pre b.6 1.9
% 11.54 35.89
T 27113 10.5791
P < 0.025 Sig. < (.0001 Sig.
Pre

B Post

L
P
P

Functional Grade
O = N W bh OO

Control Study

Pateints Groups

Fig. (2): Shows the mean values of functional
scale grades in both groups before and after
treatment

\
Duchenne muscular dystrophy (DMD) is
a neurorquscular disorder of childhood onset,
which cannot be cured. There is a variety of
management options, available for prevention
and treatment of the complications'’*. The

DISCUSSION |
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aims of physiotherapy are prevention of
contractures, maintenance of mobility,
increase muscle strengthening and improve-
ment of respiratory functions by teaching of
specific exercises and stretching®®. Psycho-
logical support is a vital part of the
management of DMD patients and their
families®’

Basmajian3 reported that biofeedback is
used to improve motor performance by
facilitating motor learning  “behavioral
learning”, through using biofeedback signal
motivation and arousal. He also added that
feedback is effective in treating voluntary
relaxation of unwanted muscle activity and
improving strength of the paretic muscles.

The results of the present study proved
that there is a positive statistical significant
changes in postural control and Cobb’s angle
in the study group, which received
biofeedback training, compared to those in the
control group. These improvements are
attributed to the precise information of muscle
contraction and reinforcement, provided by
biofeedback (visual and auditory) signals.

The results of the present work coincide
with those reported by Jeffery et al.,'®, Krebs'
and Monica et al.,”. They mentioned that
biofeedback is rapidly becoming an adjunct
modality in the treatment of various
musculoskeletal and neurologic disorders. The
results also came in agreement with Bunnell®,
who stated that using biofeedback in treatment
of scoliosis could enhance the degree of
Cobb’s an§

Jean” reported that biofeedback may be
used for assisting the patient to attain the
greatest level of muscle activation of
spasmotic muscle in order to attain balance
between agonist and antagonist muscles,
which was achieved in this study. Additio-
nally, the results were also supported by
Krebs'?, who stated that when subjects were
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trained by biofeedback, the output of their
muscles. would be increased more than those
trained in a ron-feedback manner.

There are two possible explanations for
the effect of biofeedback. They are either that
introducing the auxiliary feedback loop
develops the mnew meural pathways or
persistence of old cerebral or spinal pathways.
The internal awareness provided by the
auditory and visual responses to peripheral
motor act appears to be a powerful
reinforcement and new forms of coréjunction
around the cortical level are recruited'®!’.

So, the present study proved that
biofeedback is an effective method in treating
scoliosis in muscle diseases and in improving
mator performance. This can be accomplished
by facilitating motor learning through
biofeedback signal motivation and arousal.

| CONCLUSION |

At the end of this study, it can be
concluded that the results collected from this
study indicated significant effects of
biefeedback training on improving posture and
functional activity in mmuscular dystrophy
patients.

| REFERENCES ]

1. Andrees, H.; John, R. and Amne, D.
Chinical implications of maximal respiratory
pressure determinations for individuals with
Duchenne muscular dystrophy. Asch. Phys.
Med. Rehabil. 78: 1-5, 1997.

2. Bach, J.R.; Campagnole, D. and Hoeman,
S.: Life satisfaction in individuals with
Duchenne muscular dystrophy using long-term
mechanical ventilatory support. Amer. J. Phys.
Med. Rehabil. 70 (3): 129-135, 1991.

3. Basmajian, IV Biofeedback in
rehabilitation. A review of principles and

practice. Arch. Phys. Med. Rehabil. 62: 469-

475, 1981.

4. Bunnell, W.; Wilmington, M. and
Delawore, D.: An objective criterion for
scoliosis screcning. J. Bone | and Joint

Surg.(Am.). 66 (9): 1381-1387, 1984

5. Bunnell, W.: Spinal deformity. Ped. Clin.

N.(Am.). 33 (6} 1475-1487, 1986.

6. Fowler, W.M.: rchabilitation management
of mmscalar dystrophy and related disorders:

Comprehensive care.  Asch,
Rehabal. 63 (7): 322-327, 1982.
7. Herzenberg, J. and Waenders

Phys.

Med.

C.:Co

angle versus spinous process angle in scolisis.

Spine. 15 (9): 874-878, 1990.
8  Imkley, S.R.; Oldemberg, F.C.
PJ: Pulmonary fumction in

and Vignos,
Duchenne

muscrilar dystrephy. Amer. J. Med. 56: 297-

306, 1974.

9. Jean, A Diseases of the nerve
childhood. 2™ ed. Lavenhann Pres
Lavenhann , suffiolk. Pp: 750-755

10.  Jeffery, E:C; Kathy, SR. and
The mse of ambulatery EMG m
easrse compliance with

us system in
s Ltd, Street
1998
Mary, AC.:
ORTtOTng fo
lumbar

steengthenmg exercrses. Biofeedback and self-

regwlation. 18 .(1): 6134632, 1993.

11. Kirtkham, 8.T. amd Feinberg,
methods for

variation om the Cobb’s

M. A

calculation of scelictic curves. ‘é;num 1 (1

O8-100, 1985.
12. Krebs, DE.: Bicfoedback

am  physical

rehabilitation assessment and treatment. 7™ ed.

O'Sullivan § and Schmutz J. US

1981.

A, Pp: 629,

i3. McDonald, C.M.; Abresch,‘ RT. and
Conter, C.: Profiles of neuromuscular diseases.
Duchenne muscular dystrophy. Amer. . Phys.

Med. Rehabil. 74: 576-592, 1995, |

14. Middough, S.J. and Miller, C:
Electremyographic  feedback | effect on
voluntary muscle contraction |in practice

subjects. Arch. Phys. Med. Rehab
1980.

15. Monica, A.; Hemingway, E.
JB.:
paraspinal

muscles, variation

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 4. No (2).Jul. 1999

1. 61: 24-29,

and Heinz,

Electromyography by recording of

related to



subcutaneous tissue thickness. Biofeedback
and self—;regulation. 20 (1): 39-45, 1995,

16.  Rachel, H. and Michelle, M.: Management
of Duchenne muscular dystrophy in the
community: View of physiotherapists. Groups
and ScHoo]teachers. Phys. Ther. 82 (4): 258-
263, 1996.

17. Rideou, Y., Jankowski, L.W. and Crellet,
L.: Respiratory function in Duchenne muscular
dystropﬂies. Muscle and Nerve. 4: 155-164,
1981.

18.  Susan, J.; Middaugh, S. and Clinton, M.:
Electromyographic  feedback. Effect on
voluntary muscle contractions in  paretic

17

subjects. Arch. Phys. Med. Rehabil. 63: 254-
259, 1980.

19. Susan, K. and Campbell, C.: Physical
therapy for children. WB Saunders Co.,
Philadelphia. Pp: 325-351, 1993,

20. Taft, L.T.: The care and management of the
child with Duchenne muscular dystrophy. Dev.
Med. Child Neurol. 15 (4): 510-518, 1973.

21. Vignos, P.J.; Spencer, G. and Archibold,
K.C.: Management of progressive muscular
dystrophy. J. Amer. Med. Assoc. 184: 103-
112, 1963.

22. Vignos, P.J.. Physical models of
rehabilitation in neuromuscular. Muscle and
nerve. 6 (5): 323-33§, 1993,

._sH,a."Jn:\lo]l

Llaall yg0i sic olydll 13 o&nsill gle dyguall dasdsll olsiialy vy yaiill 5 aiis

Gl 13a p!ﬁj_} A A (IOl ) gan e {Caindl) B fuad o Ay gl Bl 80 a8 ) Al ol b3 s i ¢S
A pama S s (i gluiia O sane (N Al Crand Dl g s pde B ) AL e pt lest i gl 5 e il gy pde e
(B (sl ceball o Sall plasinly (Adlall) I3V e pesall Giadge (il Jae Ao genal y Aniliall Ao peaall” i e 5 0
Ay gandl A Slaa I ASLGYL AL Gl ais Al gy (Gt Jaa) A ath de geaall Z3e o5 La ¥l 2l a (B
Jama XS5 (g A 5 pandl lindl Dy g5 Gubl (yfie panell pniiall  LEAYY ol ja) & Sy Aliatie Lo goud VY B2ad 23 il
e Ol B el ae e panall i e (B ASLast AS 3 Guad igan il el y o Sadl B aayy B ada gl el
CmenS b Baolieall Ylad Ladle Ay paal Ll Aadiuly mOld axy iy (il Jae e ganadl polliad Aol g Aflant G558 25n s
‘ Dkl ganiar Obaall JUkYY 53 o 30

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 4. No (2) Jul. 1999






