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| __ABSTRACT }

This study aimed at investigating the effects of different physical therapy modalities on muscle
strength of [the ipsilateral and contralateral limb muscles in post-polio patients. Forty volunteer
unilateral post-polio syndrome patients, ranging in age from 12 to 14 years were selected and
divided inta two groups of equal number, each comprised 20 patients. A program of strengthening
exercises far the quadriceps muscles of the sound limb treated the control group, while the study
group received the same treatment regimen in addition to NMES for the same group of muscles.
Treatment of both groups continued for 20 successive weeks, 5 sessions per week. Strength of the
ipsilateral and contralateral quadriceps muscle was evaluated using the MIRAC device, in addition
10 thigh circumference measurement before and after the suggested period of treatment. Results at
the end of this study revealed a significant increase in the peak torque values of the quadriceps

muscle of

oth limbs, in addition to a significant increase in girth measurement of both thighs. The

results of Ahe study group, treated by the combined method of treatment were more significant

(p<0.01) than the results of the control group,
According tto the results of this study, it can

strengtheni‘hg exercises may help in increas

treated by the therapeutic exercises only (p<0.05).
be concluded that NMES combined with remedial
ing muscle strength of both the treated and the

untreated limbs among the post-polio syndrome patients.

| __INTRODUCTION |

ecent literature has considered

I‘Jaralytic poliomyelitis, caused by a

small ~ ribonucleic  acid  virus

invading the central nervous system,

has ceased to be a common catastrophe 1n

areas where vaccinations are administered

routinely. However, the evidence of the

crippling effects of such a_disease is still
widespread among its victims*.

The [last poliomyelitis epidemic occurred

in the 1950s. Forty years later, polio

individuals were at risk of sequelac to the
disease. These sequelac include the onset of
fatigue, muscle pain, joint pain, weakness, and
atrophy. These mentioned sequellae have been
defined as progressive post-poliomyelitis
muscular atrophy or post-polio syndromelo.
Dalakas et al (1984)* stated that the slowly
progressive muscle weakness may occur in
muscles that were previously affected by
poliomyelitis and recover or in muscles that
were clinically unaffected by the acute illness,
whether in the sound or in the affected limb.
These new problems may lead to new
deficits in activities of daily living (ADL),
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walking, climbing stairs, dressing and personal
assistance'’. Many etiologies have been
postulated for these new problems, which
include further loss of anterior horn cells,
increased metabolic demand on the motor unit

and  instability of the neuromuscular
connections>.  Anatomical, clinical and
electromyographic investigations have

implicated overuse as the source of post-
poliomyelitis  symptoms®. Recently, the
medical profession has become increasingly
aware of these problems!>?.

Historically, neuromuscular electrical
stimulation (NMES) has been used for
centuries for therapeutic and diagnostic
purposes. It was extensively utilized by
physical therapists during the rehabilitation
setting as an adjunctive tool in tool in the
restoration of function in innervated weak
musculature and after denervation®.

These have been studies to determine
whether strength or endurance training benefit
post-polio  sequelae individuals>*. Non-
fatiguing strengthening exercises have been
reported to result in improvement over a long
period of time. Those exercises were used
either alone or in combination with
neuromuscular  electrical  stimulation for
increasing strength of those muscles affected
in post-poliq syndrome patients. Presently, the
exercises that have been described for
postpolio sequelac have been of the non-
fatiguing type. If the conditioning program is
excessive, it may lead to further loss of
function instead of improvement®”®.

AIM OF THE WORK

The purpose of this study was to
determine whether an endurance-training
program lasting approximately 20 weeks
would increase muscle strength of both
ipsilateral and contralateral muscles.

SUBJECTS, MATERIALS AND
METHODS

\
SUBJECTS |
|

Forty patients with uniIate1i'al post-polio
syndrome of both sexes, ranging in age from
12 to 14 years, represented the s;ample of this
work. All of them had a history of old
poliomyelitis, regardless the agei of the onset
of the disease. These selected sub‘jects met the
following criteria: After the initia‘al onset, they
lived in a state of stable functional abilities for
at least 8 years, after which a progressive
functional deterioration was observed. In
addition to muscle weakness of| the affected
limb, they were also complaining| from muscle
weakness of the sound limb, as ¢onfirmed by
muscle testing. No knee ROM %lbnormalities
were recorded. ‘

The patients were divided randomly into
two groups of equal number, group A (control
group) and group B (study group), each
comprised twenty patients. They were 22
males and 18 females, 17 of them were right-
while 23 were left side affected, Then, each
group was exposed to a definitc‘ program of
treatment for 20 successive weeks, 5 sessions
per week.

MATERIALS

e Neuro-muscular electrical stin‘ﬁulator:
e Isokinetic device (MIRAC sys}em).
e Tape measure. |

|

|

METHODS

¢ For evaluation |

1. Torgue evaluation: The MERAC isokinetic
dynamometer was utilized to measure the peak
torque value of the quadriceps mll‘scles of both
stdes at angular velocity of 90 /sec. This
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tolerance. The MIRAC unit was calibrated at
the beginning of each test to insure valid
results. The patient was seated, with both
knees flexed to 90 and inclined backward
with stabilization by trunk straps to bring all
parts of the cﬁuadriceps femoris muscle into
action. The steps of the test were explained for
each subject to allow him/her to be familiar
with the test l‘protocol. Then, the patient was
allowed to perform three trials and the average
was calculated. The test was carried out for
both sides and the peak torque value for each
side was recorded separately.
2. Girth Me;Jsurement: Using tape measure,
the thigh circumference was evaluated. It was
measured 10| cm above the upper end of
patella.
This test protocol was conducted before and
after the physical therapy program.

|

e For treatment

* Group A (Control group): Patients belonging
to this group received a traditional
physiothcrapéutic program for strengthening
the quadriceps muscle of the sound limb. Such
a program comprised isotonic and isometric
resisted exercises. Each session lasted 30
minutes and consisted of 5 minutes of general
warm-up foltowed by low-resistance, high-
repetition e)ﬂ rcise for the quadriceps. A 5-
minute cool-down period followed at the end

N
of each session 8.

* Group B (Study group): Patients in the study
group received the same program of treatment
in addition to neuromuscular  electrical
stimulation for the quadriceps muscle of the
sound limb for 30 minutes. The contraction-
relaxation ratio was 1:1 (10 seconds for
contraction, | followed by 10 seconds for
relaxation). .

51

[ RESULTS |

The collected data were statistically
treated to show the mean values and standard
deviations before and after the treatment
program as well as the mean difference
throughout the whole period. Comparisons
were conducted between the mean difference
using t-test to show the statistical difference.

There was no significant difference
between both groups in either quadriceps
torque or thigh circumference before the start
of the physical therapy program. As shown 1n
table (1), before treatment the mean value of
the quadriceps torque of the sound limb in the
study group was 31.16 £ 1.795 Nm, which
increased after 20 weeks of treatment to be
31.39 + 0.810 Nm, with a mean difference of
0.23 Nm. Concerning the control group, the
mean value of the quadriceps muscle torque of
the sound limb was 31.28 + 1.658 Nm before
treatment, which increased to be 31.40 = 1.658
Nm after the suggested period of treatment,
with a mean difference of 0.12 Nm. The mean
difference values of both the study and the
control groups at the end of treatment were
statistically significant (p < 0.01 and 0.02,
respectively).

Table (1): Mean values of quadriceps torque (in
Nm) of the exercised (sound) limb in both groups
before and after 20 weeks of treatment.

Evaluation Study Control
time Mean SD Mean SD
Pre 31.16 | £1.795 | 31.28 | £1.733
Post 31.39 | £0.810 | 31.40 | £1.658
MD 0.23 0.12

t 2.9950 2.5641
p < 0.01 Sig. < 0.02 Sig.

Concerning the quadriceps muscle of the
affected limb of the study group, the mean
torque value increased from 20.27 £ 1.073 Nm
before treatment to 20.44 + 1.151 Nm after 20
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weeks of the combined method of treatment,
forming a mean difference of 0.17 Nm. Before
treating the control group, the mean value of
the quadriceps muscle torque was 20.78 +
1.066 Nm, which increased after treatment
with the traditional method of treatment to be
20.87 £ 1.100 Nm, with a mean difference of
0.09 Nm, with a mean difference of 0.09 Nm.
The mean difference values of both the study
and the control groups at the end of treatment
were statistically significant (p < 0.01 and
0.02, respectively) (Table 2).

Table (2): Mean values of quadriceps torque (in
Nm) of the non-exercised (affected) limb in both

represented a mean difference of 0.4 cm,
Before treatment of the control group, the
mean thigh circumference ofrjthe sound limb
was 36.3 = 1.720 cm, which increased after 20
weeks of treatment with therabeutic exercises
to be 367 £ 1302 cm, Having a mean
difference of 0.4 cm. The mean difference in
the thigh circumference of both the study and
the control groups at the end of treatment were
statistically significant (p < 0.01 and 0.02,
respectively).

Table (3): Mean values of girth measurements (in
cm) of the exercised (sound) limb in both groups
before and after 20 weeks of treatment.

Study G. Control G,

Fig. (1): Shows mean values of quadriceps torque
before and after treatment of both limbs, in the
study and control groups.

As revealed in table (3), thc mean value
of thigh circumference of the sound limb in the
study group before treatment was 35.7 + 1.809
cm. After 20 weeks of treatment, the mean
value increased to be 36.1 + 1.373 c¢m, which

roups before and after 20 weeks of treatment. Evaluation Study Control
Evaluation Study Control time Mean SD Mean SD
time Mean SD Mean sSD Pre 35.7 + 1.809 36.3 + 1.720
Pre 2027 | +1.073 | 2078 | +1.066 Post 36.1 +1.373 367 | +£1.302
Post 2044 | £1.151 20.87 [ +1.100 MD 0.4 0.4
MD 0.17 0.09 t 2.9895 2.6281
t 3.3797 2.8400 p <0.01 Sig. <0.02 Sig.
p < 0.01 Sig. < .02 Sig.

As revealed in table (4), the mean thigh
circumnference of the affected limb in the study
group increased from 29.8 + 2.505 cm before
treatment to be 30.2 * 2.567 cm after the

;g O Sound pre suggested period of treatment, forming a mean
@ & Sound post difference of 0.4 cm. Similarly,|the mean value
& O Affected pre of the thigh circumference of the affected limb
S O Affected post of the control group increased from 29.9 +

2.260 cm before treatment, to be 30.2 + 2.56]

cm after treatment, with a mea}n difference of
0.3 cm. The mean difference in thigh
circumference of both the cc{mtrol and the
study groups at the end of treatment were
statistically significant (p < 0.05 and 0.01,

respectively).
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Table (4): Mean values of girth measurements (in
cm) of the non-|exercised (affected) limb in both
roups before and after 20 weeks of treatment.
Evaluation Study Control
time Mean 5D Mean SD
Prc 20.8 +2.505 29.9 +2.360
Post 302 +2.567 30.2 +2.561
MD 0.4 0.3
L 2.6281 2.3473
p < 0.02 Sig. < 0.05 Sig.
r_‘l Sound pre

Sound post

Girth (cm)

Affected pre
) Affected post

Fig. (2): Shows‘mean values of thigh circumfere-
nce before and after treatment of both limbs, in
the study and control groups.

] DISCUSSION ]

In the rehabilitation setting,
neuromuscular electrical stimulation has been
used by physical therapists to reeducate
muscle action, retard muscle atrophy and
enhance muscle performance (22). In the
treatment of weak atrophied muscle, it is
frequently used as an adjunct to voluntary
resisted exercises to improve muscle function’.

In the present study, the neuromuscular
electrical stimulation was utilized to improve
muscle efficiency of both the ipsilateral and
contra-lateral | limb  muscles. The results
revealed a significant increase in muscic
torque of the quadriceps muscle of both treated
and untreated {limbs of both groups. The study
group, freated by NMES = Aaddiion o

o

therapeuiic exercises, showed (oo
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results (P < 0.01) than the control group,
ireated by the therapeutic exercises alone (P <
0.05).

The results came in agreement with
those of Laughman et al (1983)”, who
observed a significant increase in the strength
of the untreated quadriceps muscle. Their
patients were f(reated by a program of
isometric exercises plus NMES for 5 weeks, 5
sessions per week.

The results of this piece of work were
also coincident with those of Lai et al (1988)16,
who found significant strength improvements
in the isometric strength of the untreated limb
of the study group, treated by high- or low-
intensity electrical stimulation. Furthermore,
they added that the control group (received no
NMES), had no significant changes in the
muscle strength of the untreated limb.

The results also go with those of Mills
and Quintana (1985)'”, who wused high-
resistance weight training for certain group of
muscles for increasing the strength of the
contra-lateral non-exercised weak group. Their
findings indicated an increase in the strength
of the ipsi-lateral and contra-lateral muscles,
which is indicated through an increase in the
number of motor unit potentials in these
muscles.

In 1982, Gonyea and Sale'? attributed
the increase in motor unit potentials, due to
exercise program, to be caused through
collateral sprouting from the survived motor
units. Such an increase in motor unit potentials
will lead to a simultaneous improvement in
muscle tension. They stated also that
increasing recruitment and firing rates of the
motor units might have an effect on muscle
tension. Moritani et al (1985)" added that
greater degree in motor unit synchronization
increases the rate of tension generation per
cross sectional area for a given muscle.
Curthermore, they preferred  using  isotonic
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exercises than isometric ones in achieving
such task.

Gollinck and Saltin (1982)'" announced
that high weight training might result in
increasing the stored adenosine triphosphate
and creatin phosphate. They added that the
applied load determines the rate of chemical
reactions, associated with contraction of
muscles, Moreover, an increase in the activity
of the mitochondrial enzymes of the exercised
muscles.

In a histologic evaluation done by
Ernstoff and associates (1996)%, a large
variation in fiber typing from individual to
individual with postpolio sequelae has been
noticed. Further increase in size in some
subjects demonstrated that these muscles
might still possess the ability to adapt to a
training program. The program was mainly of
endurance-type  activities, but included
exercises that require relatively high-
performance forces. They found some
variations in the training effects on different
muscle groups, which may be due to different
factors such as different training intensity and
variations in pre-training muscle function and,
thus, trainability as discussed above.

Dubowitz (1985)° and Einarsson and
Grimby (1990)6 also studied the mean fiber
areas for all fiber types. The observed increase
in muscle size has been hypothesized that the
increase in mean fiber area resulted from the
greater stress placed on the remaining fibers
causing the corresponding hypertrophy.

A cardiovascular training effect was seen
in most subjects as the heart rate at a sub-
maximal workload decreased after training. It
has been suggested that a 3- to 6-month
program must be completed to be beneficial'.

These results also support those of Perry
et al (1995)23, who stated that post-
poliomyelitis syndrome results from long-term
substitutions for muscular weakness that place

increased demands on joints, l‘igaments, and

muscles. They confirmed that trFatment, based
on the early identification of overuse of
muscles and ligamentous strain,l should aim at
modification of lifestyle and include use of a
brace.

The results provide additional support
for the cross-transfer or cross-educational
effect of muscle strengtheniné. It has been
suggested that the mechanis;m of cross-
education consist of neural f;actors (motor
control) that increase the maximum level of
muscle activation at various ‘Ievcls of the
nervous system-. Lloyd et al (1986)'* added
that cross-education phenomenon was also
observed in the subjects, treate:d by electrical
stimulatton, even though they exerted no
voluntary effort. Thus, the c}ross—education
effect of muscle strengthening through NMES
may be attributed to a mechanism similar to
that of muscle strengthening through voluntary
exercises. This is achieved by‘neural factors
acting  via  increased fa?ilitation or
disinhibition at various levels of the nervous
system”. The individual variations in the
training response in these subjects, who have

light or moderate walking diffiéulties and can

participate, in a group-training ‘[program. This
further substantiates the difficulty in choosing
the proper exercise level for an individual to
gain maximal improvement and to avoid
overwork. Careful individual r!nonitoring by
clinical observations with assessment of
symptoms in relation to function and repeated
muscle function measurements, is, therefore,
necessary in physical training|of post-polio
subjcctss.

| CONCLUSION | ]
|

From this study that post—;polio subjects

may benefit from endurance training programs

and that there appears to be no harmful short-
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term effects in‘ the muscle. According to the
results of this work, it can be also concluded
that NMES in addition to therapeutic exercises
may result in mcreasmg muscle strength, not
only of the exercised limb, but also of the
untreated one (cross-education effect).

-

REFERENCES ]

Borg, K.; Borg, J.; Edstrom, L. and Grimby.
L. Effects| of excessive use of remaining
muscle fibers in polio and LV lesion. Muscle
Nerve; 11:1219-30, 1988.

Cashman, N.R.; Maselli, R.; Wollman, R.L;
Roos, R.; Simon, R. and Antel, J.P.: Late
denervation| in patients with antecedent
paralytic poliomyelitis. New Eng. J. Med.;
317:7-12, 1987.

Cosgrove, ].L.; Alexander, M.A.; Kitts, EL;
Swan, B.E.; Klein, M.J. and Bayer, R.: Late
effects of |poliomyelitis. Arch. Phys. Med.
Rehabil.; 68:4-7, 1987.

Dalakas, M.C.; Severe, J.L.; Madden, D.L.;
Papadopoulos, N.M.; Shekarchi, 1.C.; Albrecht,
P. and Krezlewicz, A.: Late postpohomyelms
muscular ‘atrophy Clinical, virologic and
1mmunolog1c studies. Rev.Infect. Dis., 6:Suppl
(2): 5562- 5567, 1984.

Dubowitz, ‘V Muscle biopsy, a practical
approach. 2nd ed. London. Baillere Tindall,
1985. |

Einarsson, |G. and Grimby, G.: Disability and
handicap in late polio. Scand. J. Rehabil.Med.;
22:113-21,/1990.

Eriksson, E.and Haggmark T.: Comparison of
isometric | muscle training and ES.
supplementing isometric muscle training in the
recovery after major knee lig. surgery.
Amer.J. Sports Med., 7:169-171, 1979.
Ernstoff, B Wetterqvist, H.; Kvist, H. and
Grimby, G.: Endurance training effect on
individuals with post-poliomyelitis. Arch.
Phys. Med, Rehabil.; 77:843-8, 1996.

Feldman, R M. and Soskolne, C.L.: The use of .

non- fatlgumg strengthening exercises in post-
polio syndrome In: Birth Defects Original

10-

11-

12-

13-

14-

15-

16-

18-

19-

20-

‘55

Article Series, Vol. 23, No. 4. White Plains
(NY): March of Dimes,; 335-42, 1987.

Frick, NM.: Post-pollo sequellac  and
psychology of 2™ disability. Orthopedic, 8:
851-853, 1986.

Gollinck, P.D. and Saltin, B.: Significance of
skeletal muscle oxidative enzyme enhancement

. with endurance training. Clin.Physiol., 2: 1-12,

1982.

Gonyea, W.J. and Sale, D.: Physiology of
weight lifting eXEercise.
Arch.Phys.Med.Rehabil., 63: 235-237, 1982.
Halstead L. and Rossi D.. Post polio
syndrome:  clinical ~ experience with132
consecutive outpatients. In: Birth Defects
Original Article Series, Vol. 23, No. 4. White
Plains (NY): March of Dimes; 13-26, 1987.
Jones, D.R.; Speier, J.; Canine, K.; Owen, R.
and Stull, G.A. Cardio—respiratory responses
to aerobic training by patients with
postpoliomyelitis sequelaes. JAMA; 261:3255-
8, 1989.

Jubelt, B. and Cashman, N.: Neurological
manifestations of the post-polio syndrome. Crit
Rev. Neurol.; 3:199-220, 1987.

Lai, H.S.; De Domenico, G. and Strauss, GR.:
The effect of different electro-motor
stimulation training intensities on strength
improvement. Austr.J.Physiother., 34 (3): 151-
164, 1988.

Laughman, R K.; Youdas, J.W.; Garrett, T.R.
and Chao, E.Y.S.: Strength changes in the
normal quadriceps femoris muscle as a result
of ES. Phys.Ther., 63 (4): 494-499, 1983.
Lloyd, T.; De Domenico, G.; Strauss, G.R. and
Singer, K.: A review of the use of electrical

stimulation in human muscles. Austr.J.
Physiother. , 32 (1): 18-30, 1986.
Mills, V.M. and Quintana, L.

Electromyography results of exercise overflow
in hemiplegic patients. Phys.Ther.; 65:1041-
1045, 1985. -
Milner-Brown, H.S. and Miller, R.G.: Muscle
strengthening through high-resistance weight
training in patients with neuromuscular
disorders. Arch. Phys. Med. Rehabil.; 69:14-
19, 1988.

Bull. Fac. Ph. Th. Cairo Univ..:
Vol 4. No (1} Jan. 1999



56

21-

22-

23-

Moritani, T.; Muto, M. and Kijima, A.
Electro-mechanical changes during electrically
induced and maximal voluntary contractions:
Electro-physiological responses of different
muscle  fiber types during stimulated
contractions. Experim. Neurol., 88: 471-483,
1985,

Morrissey, M.C.; Brewster, C.E.; Shields, C.L.
and Brown, M.: The effects of ES on the
quadriceps during P.O. knee immobilization,
Amer. J. Sports Med., 139 (1): 40-45, 1985,
Perry, J.; Fontaine, J. D. and Mulroy, S.:
Weakness of Muscles of the Calf as a Source

24-

of Late Pain and Fatigue of |Muscles of the
Thigh after Poliomyelitis. J. Bone and Joint
Surg., 77a (8): 1148 -1153, 1995.
Twist, D.J. and Ma, DM.: Physical therapy
management of the patient with post-polio
syndrome. Case report. Phys.| Ther. , 66 9
1403-1406, 1986.
Wiechers, D.. New concepts of the
reinnervated motor unit revealed by vaccine-

associated poliomyelitis. Muscle Nerve,
11:356-64, 1988.

ol jaily

Jahall JLii jay0 o3

Lile Bua 3 e gos ¢ ugy ag Y <3 348 Alme o o AbaA xpkll 3 Sy G L5 e M0 00 8 iy

.o,._;‘dldurmJﬁu.afayugﬁm‘,u\_:.n&;u:.sn;j;.,,lcy...i|@uﬁ

Ofie yame Y papeld o ¢ Lale VE (VY (i e 2 8 5 (rmn el QU LS e sl (o Uiy 5 Gl A2 e
Ao ganall A LB el S sl 3akd 0 Lz je ¥ hwﬁ%(wtdﬂuﬁ#b;u@\._@hi_n&a;) 95,1._“.:,
thUng@u,g|wasahumﬂ,\)\;?:sa;_mdua;ﬂ&uu‘?g.m ;_ﬁl_-_dlau..jj)i..__-_p.ﬂfﬁlaMlil..::;u_yﬁ]«.heb'all
o osds A Y Cd Alael p e il 5 LS ¢ Aleae L goud e 52 Ofie geaall g3e paid ¢ LS Almall Ll esadl U

gl 8 ey 08 ol (B 30l Lo (S ) BT " e g platuly (cbladl s ludl) castal

LS c(l.__aL..a.J'l) H.L..Jl) u_A,:.\L-s.“ @M‘Lﬂu@@b wash) :«:._1)“)” Sy Al ?_}c l-éz:uh.azd alya C.:l.'JE.\L_aJ Ay 3....n|_)..\]l C_':L'u et a'|
Gl el 4_'1\.1)@_(.51 Ayl z.ih.h}.'ic_..cuﬁi-\.’dpJ eddaglzal i.l:-}q;_;aﬂ O Gandll d:gai.:_,&_:.aﬁ Apally :«-_I:I'Lm:n_‘ A ol mMEJLi_j 392 ¢ 0D

O W PN S S R T O

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol 4. No (1) Jan. 1999




