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ABSTRACT. A cohort study with initial and 4-year
follow-up evaluations was performed in 78 post-polio
volunteers aged 34—65 years at the time of enrolment in
the study, which was made to compare post-polio
individuals living in Sweden and the United States, to
determine whether lower limb musculature becomes
weaker over time, and to determine whether individuals
with complaints of post-polio syndrome, new weakness,
fatigue, walking or stair climbing difficulty were weaker
or lost more strength over a 4-year interval than those
individuals without such complaints. Dynametrically-
measured knee extensor and flexor strength and ques-
tionnaire data were obtained initially and 4 years later.
T'he two cohorts were fairly similar, though they
differed in weight gain. The Americans gained signifi-
cantly (p < 0.05) more weight than the Swedish sub-
jects. Both groups lost significant (p < 0.05) knee
extensor strength (approximately 8%), but the loss
was not significantly (p > 0.05) different between the
groups. Knee flexor strength did not change signifi-
cantly (p > 0.05) over time. Subjects acknowledging
new strength loss were not significantly (p > 0.05)
weaker than those denying strength loss; however,
they lost significantly (p < 0.05) more isometric knee
extensor strength than the other individuals. Subjects
acknowledging new fatigue, walking or stair climbing
difficulty were significantly (p < 0.05) weaker in both
muscle groups than those without such complaints.
Subjects acknowledging post-polio syndrome were sig-
nificantly (p < 0.05) weaker than those denying this
symptom, but the amount of loss of strength over time
was not significantly (p > 0.05) different. We conclude
that the two cohorts were quite similar. Knee extensor
strength decreased during the study interval. Individuals
acknowledging post-polio syndrome had weaker knee
extensor musculature. Subjects with new fatigue,

walking difficulty, or stair climbing difficulty were
wealker in both the knee extensors and the knee flexors
than the other subjects. Subjects reporting new muscle
weakness also had a greater decline in isometric knee
extensor strength during the study interval than those
without such complaint.

Key weords: neuromuscular diseases, poliomyelitis, post-polio
syndrome, muscle strength, symptoms.

INTRODUCTION

There are several reports in the literature that polio
survivors complain of a number of new musculo-
skeletal and neuromuscular symptoms (1, 10. 12, 13,
17-19, 22). Whether the survivors were seen at a post-
polio clinic (1, 18). or had responded to a national
survey (17, 22), their most frequent new health
complaints of polio survivors were fatigue, weak-
ness, muscle pain and joint pain, while the most
frequent new activities of daily living (ADL) com-
plaints were difficulty with walking and stair climbing.
These complaints, especially those of an ambulatory
nature, may well be related to progressive decline in
neuromuscular function in lower limb musculature of
these individuals.

Although reports of progressive loss of strength
long after the acute poliomyelitis illness have been
appearing in the literature for over a century (11, 27),
there is no objective substantiation of this view. In
1986. Dalakas et al. (13) reported a follow-up study of
27 post-polio individuals followed up for an average
of 8.2 years. An average rate of decline in strength of
1% per year was reported; however, this decline was
based not on quantitative testing, but on manual
muscle testing, which is known to be very imprecise
(7). There are three recent studies in the literature that
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have used quantitative measures Lo assess muscle
strength in polio survivors, but all were limited in
the number of subjects followed or the duration of the
follow-up period. or both. Munsat et al. (24) followed
the strength of 6 post-polio patients for between 400
and 2,100 days, but no significant change in strength
was found. Munin et al. (23) followed 7 post-polio
patients for 3 years, but found no change in strength.
Agre & Rodriquez found no significant change in
strength in 44 post-polio subjects over a period of
one year (3). Thus, to date. there is no objective
evidence in the literature to document progressive
loss of strength in post-polio patients, although this
is a widely held belief and several plausible patho-
physiological mechanisms have been suggested as the
etiological cause of weakening (20).

Although the complaints by polio survivors appear
to be similar in the several studies reported in the
literature (1, 17, 18, 22) there have to our knowledge
been no direct comparisons of post-polio survivors
living in different societies. The purposes of this study
were: 1) to compare poliomyelitis histories and pre-
sent the status and symptoms of post-polio indivi-
duals living in two different countries, the USA and
Sweden: 2) to determine whether these individuals
would lose significant strength in the knee exiensor
(quadriceps) or knee flexor (hamstring) musculature
during a 4-year period of time; and 3) to determine if
subjects with complaints consistent with post-polio
syndrome (using the definition of Halstead & Rossi
[18]) or of new fatigue, weakness, walking difficulty, or
stair climbing difficulty were weaker than the other
post-polio individuals or lost strength at a more rapid
rate in the lower limb musculature.

MATERIALS AND METHODS

Subjects

A total of 78 subjects were assessed initially and then after a
4-year interval. 41 subjects lived in the vicinity of Géteborg
(Gothenburg), Sweden and 37 lived in the environs of
Madison, Wisconsin. USA. The Swedish subjects were
recruited on two separate occasions. On the first occasion
(in 1986). 21 of the subjects were traced back to 1950,
through the hospital register in Goteborg of former polio
patients. The only additional inclusion requirement was to be
between the ages of 44 and 65 years at the time of the
enrolment (14, 16). The second group of 20 subjects were
recruited through advertisements in the daily press and
through the post-polio patient organization in 1988, with
the only criterion to be at least a partial ambulator and to
be at or below 45 years of age at the time of enrollment (16).
The American subjects were recruited during a one-year
period between the summer ol 1987 and 1988 to participate
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in a longitudinal study of neuromuscular function in polio
survivors through newspaper advertisements, solicitation
from the Wisconsin Easter Seal Society. and by word of
mouth (2).

All subjects were between 34 and 65 years of age when
initially evaluated. All had a history consistent with polio-
myelitis and had their acute poliomyelitis illness at least
30 years prior to the onset of the study. All subjects had
enjoyed partial or fairly complete recovery from their acute
poliomyelitis illness and a period of neurologic stability.
All subjects were essentially healthy at the time of the
initial evaluation and denied significant medical problems
that would either contra-indicate maximum effort testing or
might be expected to cause neuromuscular deterioration,
such as heart disease, cancer, and endocrinological diseases.

In order to participate in the study, a subject had to have a
history and physical examination compatible with polio-
myelitis and have greater than antigravity muscle strength
in at least one knee extensor muscle group. Strength was
evaluated in only one lower limb affected by polio in all
subjects in this study. If the subject acknowledged only one
lower limb to have been affected initially by polio, that side
was tested. IT both lower limbs were acknowledged 1o have
heen affected initially by polio, the stronger limb was
evaluated. All subjects who fulfilled the above study criteria
were included in the study. Although this study assessed
lower limb muscle strength, ambulatory difficulty was not a
specific criterion for subject selection.

At the beginning of the study, all subjects completed a
detailed questionnaire concerning their acute poliomyelitis
iliness, recovery thereafter, and status and symptoms at that
time. The questionnaires used in Géteborg and Madison
were essentially identical, except. of course, for the language
difference. At the time of the follow-up evaluation. 4 years
later, all subjects completed a questionnaire recording their
current symptoms and status. In order to classify whether a
subject had post-polio syndrome, the criteria of Halstead
& Rossi (18) were utilized. Briefly, these included 1) a history
of paralytic poliomyelitis: 2) partial to fairly complete
recovery; 3) a period of neurologic stability: 4) the onset of
two or more of the following health problems since achieving
a period of stability: unaccustomed fatigue, muscle and/or
joint pain, new weakness in muscles previously affected and/
or unaffected, functional loss, cold intolerance, new atrophy:
and 5) no other medical diagnosis to explain these health
problems.

The research project was approved by each university’s
Ethics Committee, and informed consent was given by all
subjects before participation.

Strength testing

The knee extensors were tested isokinetically and isometri-
cally, while the knee flexors were tested isokinetically using
myodynamometers (Lido Active Dynamometer in the US
cohort, a modified Cybex 11 dynamometer in the first group
of 21 Swedish subjects, and a KinCom dynamometer for
the second group of 20 Swedish subjects). No difference
was found in peak torque of the two dynamometers used
in the Swedish Laboratory when 23 healthy subjects aged
21-84 years were assessed (15). The Lido and Cybex 11
dynamometers have been previously reported to be reliable
in post-polio subjects (2, 14) and the KinCom was found to
have methodologic errors of 6-10% at various angular
velocities in 30 post-polio subjects assessed 3 months apart.
The angular velocity for the isokinetic testing was performed




I’resent age (years)
\ge (at onset of acute polio, years)

Height (cm)
Weight (at first evaluation, kg)

Weight (at second evaluation, kg)”
Ciender

Percentage male

Percentage female

(at first evaluation)
Percentage with PPS

(at second evaluation)

symptoms, years)
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l'able 1. Descriptive data comparing subjects by nationality (expressed as mean £ SD or a percentage)
American Swedish
subjects subjects
(n=237 (n=41) P
48+ 6.2 52487 0.015
694+58 9.0+82 ns
I'ime (from acute polio to first evaluation, years) 374145 39+ 6.8 ns
169+ 10.9 168 £ 8.5 ns
70.9 £ 159 66.5+£11.2 ns
(n = 36) (n=139)
748 £ 17.7 67.2+11.2 0.028
(n=36) (n=39)
38% 36% ns
62% 64% ns
Percentage with post-polio syndrome (PPS)"
68% 60% ns
76% 73% ns
I'ime (from acute polio to onset of PPS
32+£78 334100 ns
(n=28) (n = 30)

“Significant (p < 0.05) overall effect for weight, regardless of group. Significant interaction (p < 0.05) between groups and

lime. The American cohort gained significantly ( p < 0.05) more weight than the Swedish cohort over the 4-year interval.

" As defined by Halstead & Rossi (18).

a1 60°/second. Each Swedish subject performed 3 maximum
clfort knee extension and flexion movements, while each
\merican subject performed 6 maximum effort knee exten-
<ion and flexion movements. The peak torque for both knee
cutension and flexion for each subject was recorded for
subsequent analysis. The isometric knee extension testing
was performed with the knee positioned 60° from straight.
\ll subjects performed three maximum effort isometric knee
ssiensions with one minute rest breaks between trials. The
methodology is detailed elsewhere (2. 14-16). Muscle
sirength testing was performed in the respective research
laboratories initially and 4 years later. (The variation in time
in repeat testing for all subjects was never more than 1-2
months from the 4-year anniversary.)

Statistical analyses

i1 order to assess significant differences between the two
cohorts regarding percentage of subjects acknowledging any
particular variable from the questionnaire, the Pearson xz-
test was performed. In order to assess significant differences
between mean values of the two cohorts, independent sample
/-tests were performed and between groups regarding
strength or significant change in strength over time,
MANOVA was performed. When the total cohort was
Jdivided into more than two groups and the main effect
[rom the MANOVA analysis revealed a significant differ-
cnce among groups, Fisher’s least significant difference
(LSD) post hoc test was used to determine between which
sroups significant differences existed. For all analyses, sta-
listical significance was defined as p < 0.05.

RESULTS
Questionnaire data

Descriptive data comparing the subjects by national-

ity are given in Table 1. No significant differences were
found between the two cohorts except for present age
and weight at the time of the 4-year follow-up. The
Swedish subjects were 4 years older than the American
subjects, on the average. The American subjects
gained significantly more weight than the Swedish
subjects over the 4-year time span of this study (an
average increase of 4.0 versus 0.7kg, respectively.
p < 0.05). No significant (p > 0.05) differences were
found when the data were analysed using gender as
the grouping factor (excluding, of course, the gender
variable).

No significant (p > 0.05) differences were found
between the two groups regarding initial poliomyeli-
tis involvement of arms (50% of subjects). trunk (58%
of subjects), or respiratory function (20% of subjects):
however, more Swedish subjects acknowledged acute
poliomyelitis involvement of lower limb musculature
(93% vs. 73% of subjects. p < 0.05). No significant
(p > 0.05) differences were found when the data were
analysed using gender as the grouping factor.

Acknowledgement of post-polio symptoms (as
defined by Halstead & Rossi [18]) and locomotor
dysfunction by the subjects at the time of the 4-year
follow-up evaluation is shown in Table IL No
significant (p > 0.05) differences were found between
the two cohorts for any of the post-polio syn-
drome symptoms or locomotor dysfunction and no
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Table II. Comparison of subjects acknowledging the
various post-polio syndrome (PPS) symptoms® or
locomotor dysfunction at the time of the second evalua-
tion (expressed as percentage of individuals)

American Swedish

subjects subjects

(n=237) (n=41)

(%) (%e) r
PPS symptoms
Fatigue 57 71 ns
Weakness 43 55 ns
Atrophy 14 12 ns
Muscle pain 51 36 ns
Joint pain 50 57 ns
Cold intolerance 16 26 ns
Locomotor dysfunction
Walking difficulty 38 52 ns
Stair climbing difficulty 38 45 ns
Wheelchair use 8 14 ns
Cane use 17 36 ns
Orthosis use 28 26 ns

“ As defined by Halstead & Rossi (18).

significant (p > 0.05) differences were found when the
data were analysed using gender as the grouping
factor, except for the complaint of cold intolerance.
Surprisingly, more men (than women) complained of
cold intolerance (34% vs. 14%, respectively, p =
0.033).

Strength data

The comparison of change in strength of the knee
extensors and flexors between the two cohorts is

found in Table III. Although the Swedish cohort
can be seen to have lower strength values in the
lower limb musculature, a direct statistical compari-
son of strength between the two cohorts was not
made, as different dynamometers which were not
directly compared were utilized in the two different
research laboratories. For the total cohort, both
measures of knee extensor strength revealed a signifi-
cant (p < 0.05) loss over the 4-year interval (average
loss of 9%, when measured isokinetically, and 7%,
isometrically). No significant (p > 0.05) difference,
however, was found between the two cohorts regard-
ing the amount of loss of strength over the 4-year
time-span. Knee flexor strength did not change sig-
nificantly (p > 0.05) over the 4-year period. When the
data were analysed using gender as the grouping
factor, the men were, not surprisingly, stronger
(p < 0.05, data not shown). The men were found to
lose significantly more strength of the knee extensors
than the women when measured isokinetically (12%
vs. 7% loss, respectively, p < 0.05), but not when
measured isometrically (7% vs. 5% loss, respec-
tively, p > 0.05).

Combination of questionnaire and strength data

Table IV shows the strength results when the total
cohort was divided into three groups according to
their acknowledgement of post-polio syndrome (using
the criteria of Halstead & Rossi [18]). Subjects were
divided into: 1) those subjects acknowledging post-
polio syndrome at the time of the initial assessment

Table III. Change in strength between the American and Swedish subjects when comparing strength (mean £ SD,

in Newton meters) at the time of the initial and second evaluations (performed 4 years later )’

American Swedish

Total subjects subjects

Knee extensors, isokinetic” ¢ (n=178) (n=37) (n=41)
First evaluation 964+ 59.5 108 £67.7 86+£49.6
Second evaluation 87+53.6 97+62.4 79+434

Knee extensors, isometric™* (n=T17) (n=137) (n = 40)
First evaluation 118 £67.8 136 £79.0 101 £50.8
Second evaluation 110+ 67.6 1314+£78.2 914497

Knee flexors, isokinetic (n=173) (n=33) (n=40)
First evaluation 50+£29.4 60£31.9 4]1+24.5
Second evaluation 514303 60+35.6 434+£227

“The two groups were not directly compared, as different dynamometers were used to assess them.
There is a significant (p < 0.05) change in strength over time for the whole cohort.
¢ The change in strength from the first to the second evaluation when comparing the two groups is not significantly (p > 0.05)

different.
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lable IV. Comparison of strength (mean £ SD, in Newton meters) and change in strength in subjects acknowl-
eduing postpolio syndrome symptoms at the time of both evaluations (PPS Both), acknowledging postpolio
symptoms only at the time of the second evaluation ( PPS 2 Only ), and those not acknowledging postpolio syndrome

svmptoms at either evaluation ( PPS Never)

PPS Both PPS 2 Only PPS Never
K nee extensors, isokinetic® "¢ (n=50) (n=17) (n=21)
First evaluation 84+ 582 1044734 1224+51.2
Second evaluation 75+352.6 96+ 66.1 1144432
Knee extensors, isometric™ ™ ¢ (n=49) n=7) (n=21)
First evaluation 105+ 66.8 124+ 86.0 146+ 57.6
Second evaluation 96+ 67.4 1124823 143 +53.4
Knee flexors, isokinetic® (n =45) n=7) (n=21)
First evaluation 45+28.1 48 +28.6 604+ 30.8
Second evaluation 46+29.3 58£35.0 59+30.1

“The main effect shows a significant (p < 0.05) difference among groups. Fisher's LSD post hoc analyses show a significant

( p < 0.05) difference between PPS Both and PPS Never.

" There is a significant (p < 0.05) change in strength over time for the whole cohort.
" The change in strength from the first to the second evaluation when comparing the three groups is not significantly (p > 0.05)

different.

and the time of the follow-up evaluation (PPS Both),
2) those acknowledging post-polio syndrome at the
[ollow-up evaluation only (PPS 2 Only), and 3) those
not acknowledging post-polio syndrome at the time of
cither evaluation (PPS Never). Of note, no subjects
had symptoms compatible with post-polio syndrome
at the first evaluation who did not have these symp-
toms at the time of the second evaluation. The main
cffect of the MANOVA showed a significant
( p < 0.05) difference among groups for knee extensor
strength measured both isokinetically and isometri-
cally. Fisher’s LSD post hoc test showed that the
group acknowledging post-polio syndrome symp-
toms on both occasions (PPS Both) were significantly
( p < 0.05) weaker than the group that never acknowl-
edged post-polio syndrome (PPS Never) for both of
these variables. The main effect of the MANOVA
showed no significant difference among the groups
regarding knee flexor strength. The rate of loss in
strength over time was not significantly (p > 0.05)
different among the three groups for any of the three
strength variables.

Table V shows the strength results when the total
cohort was divided into those who acknowledged vs.
did not acknowledge new weakness. The main effect
of the MANOVA revealed no significant (p > 0.05)
difference between the two groups for any of the three
strength variables. The rate of loss in knee extensor
strength, however, was significantly greater in the
group complaining of new weakness when measured

isometrically (12% wvs. 2% loss. p < 0.05), but not
when measured isokinetically (13% vs. 7% loss,
p > 0.05).

Table VI shows the strength results when the total
cohort was divided into groups who acknowledged vs.
did not acknowledge new fatigue. For all three
strength variables, the main effect of the MANOVA
showed that the group acknowledging new fatigue

Table V. Comparison of strength (mean £ SD in Newton
meters) and change in strength in subjects acknowledging
and not acknowledging new musele weakness”

No new
New weakness  weakness

Knee extensors, isokinetic” (n = 38) (n=40)
First evaluation 86+ 58.0 106 £59.9
Second evaluation 75+£48.6 99 +55.9

Knee extensors, isometric”® (n=237) (n = 40)
First evaluation 106 +63.7 129 £70.5
Second evaluation 93+£61.5 126 £69.9

Knee flexors, isokinetic (n=35) (n = 38)
First evaluation 454281 544301
Second evaluation 47+£28.6 55+31.7

“The main effect does not show a significant (p > 0.05)
difference between groups for any of the three strength
variables.

" There is a significant (p < 0.05) change in strength over
time for the whole cohort.

“ The change in strength from the first to the second evalua-
tion when comparing the two groups is significantly
{p < 0.05) different.
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Table V1. Comparison of strength (mean £ SD, in
Newton meters) and change in strength in subjects
acknowledging and not acknowledging new fatigue

No new
New fatigue  fatigue
Knee extensors, isokinetic®”¢  (n = 50) (n=28)
First evaluation 854 53.1 116 £66.0
Second evaluation TR 485 105 £ 58.7
Knee extensors, isometric®” < (n=350) (n=27)
First evaluation 106 4= 59.9 140 £76.7
Second evaluation 99+61.3 1324743
Knee flexors, isokinetic® (n=48) (n=25)
First evaluation 42+254 64+ 31.3
Second evaluation 454+27.6

63+32.1

“The main effect shows a significant (p < 0.05) difference
between groups.

b There is a significant (p < 0.05) change in strength over
time for the whole cohort.

“ The change in strength from the first to the second evalua-
tion when comparing the two groups is not significantly
(p > 0.05) different.

was significantly (p < 0.05) weaker than the group
denying new fatigue. The loss in strength over time,
however, did not differ significantly (p > 0.05)
between the two groups for any of the three strength
variables. Similar findings were made when the cohort
was divided into those who acknowledged new walk-
ing difficulty (n = 35) and those who did not acknowl-
edge new walking difficulty (n = 43) or those who
acknowledged new stair climbing difficulty (n = 32)
or did not acknowledge new stair climbing difficulty
(n = 46) except that the group acknowledging new
stair climbing difficulty lost significantly more knee
exlensor strength when measured isometrically over
the 4-year time span than the group denying new stair
climbing difficulty (14% vs. 3% loss, p < 0.05). How-
ever, no significant difference was found between these
two groups regarding change in knee extensor
strength when the measurement was made isokineti-
cally (12% vs. 8% loss, p > 0.05).

The total cohort was also divided into those who
did vs. did not acknowledge one or more new medical
problems in the intervening 4 years of the study that
might be expected to affect lower limb muscle strength
(such as history of lower limb fracture. strain, or
sprain, or acknowledgment of lower limb joint
pain). The main effect of the MANOVA showed no
significant (p > 0.05) difference between the two
groups for any of the three strength variables and
the loss of strength did not differ significantly
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(p > 0.05) between the two groups. Similar findings
were made when the total cohort was divided into
those who did vs. did not acknowledge new medical
problems of any sort in the intervening 4 years of the
study.

DISCUSSION
Comparison of Swedish and American cohoris

This study reports the experiences of Swedish and
American post-polio subjects and changes that have
occurred over a four-year interval of time, This study
has allowed for a cross-country comparison ol post-
polio subjects and also for analysis of a larger group
of post-polio subjects. One weakness of this study
concerned subject selection. Unfortunately. the sub-
jects could not be randomly selected by appropriate
epidemiologic procedure, as this was not possible in
either location. Thus, this paper reports the results of
those subjects whom we were able to recruit initially
and reassess 4 years later.

Of the 21 separate variables compared, the two
cohorts differed in only three. Taken as a whole, the
two cohorts appear to be much more similar than
dissimilar. The three variables where the two groups
differed were: present age, weight gain, and acknow-
ledgment of initial poliomyelitis involvement of the
lower limbs. The Swedish cohort was older than the
American, by an average of 4 years. Although the two
groups were of similar body weight at the time of the
initial evaluation, the American cohort gained more
weight during the 4-year interval of the study. On
average, the American subjects gained | kg per year,
compared with the average gain of approximately
175 g/year in the Swedish subjects. Although body
composition was not measured in these individuals,
we believe that the increase in weight was due to
deposition of adipose tissue and not to an increase
in lean body (muscle) mass. The lack of increase in
lean body mass appears to be substantiated by the
significant loss in knee extensor strength, which would
be compatible with atrophy of the muscle rather than
hypertrophy. Also, the proportion of Swedish subjects
acknowledging initial involvement of the lower limbs
is greater than the American cohort. This is almost
likely due to the selection process of the subjects
rather than to some other factor. The American
subjects were recruited to participate in a longitudi-
nal study of muscle strength in polio survivors.
Subjects with and without complaints of declining



function were equally actively recruited. The Swedish
subjects included subjects who were recruited to
participate in two separate post-polio research pro-
jects. In the recruitment ol the second Swedish group.
mainly individuals with partial ambulatory function
were enrolled. This factor may have had an influence
on the difference between the American and the
Swedish cohorts. It should also be pointed out. as
described previously (21), that more individuals had
initial poliomyelitis involvement in the lower limbs
than in the upper limbs.

We believe that the weight gain found in our
subjects, especially the American subjects, is due
cause for concern. The reason for the difference in
weight gain is not known, but may well be related to
cultural, dietary, and/or activity level differences
between the American and the Swedish cohorts. The
typical American lifestyle is rather sedentary and the
diet tends to contain an excessive amount of fat. Both
of these factors can lead to the deposition of adipose
tissue. Regardless ol the reasons, weight gain may
have a very significant adverse effect on the indi-
vidual’s ability to function.

Evaluation of strength

We acknowledge that another weakness of this study
is the use of different dynamometers in the two
separate research laboratories. However. as it was
not our intention to directly compare the strength of
the Swedish and American subjects, but rather to
compare the rate of change in strength in our two
post-polio groups, we do not regard this as a signifi-
cant weakness: In order to determine rate of change in
strength over time, reliable dynamomeltry is needed in
both laboratories, as was the case in the present study
(2. 14, 15).

In this study. we assessed the strength of the knee
extensor and flexor muscles in polio-affected muscles
in post-polio subjects with greater than antigravity
strength. When both lower limbs were affected
by polio, the stronger limb was assessed in this
study. The weaker limb was not assessed and. in
our subjects, the weaker limb varied from total or
near-total paralysis to near-normal function. Thus,
the load borne by the stronger limb in the perfor-
mance of daily activities in these subjects varied
considerably. Moreover, it should be pointed out
that, although we only assessed muscle strength in
subjects with greater than antigravity strength, the

Comparison of post-polio individuals 189

measured strength in our subjects was quite disparate
as evidenced by the large standard deviations of the
strength measures. This is not an unexpected finding
in post-polio subjects, who are known to be rather
heterogeneous.

The post-polio subjects in this study had signifi-
cantly less strength than non-post-polio, control sub-
jects. Compared with a Swedish cohort of control
subjects of similar age and gender. the Swedish post-
polio subjects had an average strength of the knee
exlensors, measured isokinetically, of approximately
50% of normal strength (16). Compared with an
American cohort of control subjects of similar age
and gender, the American post-polio subjects had an
average strength of the knee extensors, measured
isokinetically, of approximately 65% of normal
strength (2).

Although reports of progressive loss of strength
long alter the acute poliomyelitis illness have been
appearing in the literature for well over a century
(11, 27), prior to this study there has been no objective
substantiation of this conviction. This report, as
well as the results from the Swedish cohort reported
herein and recently published elsewhere (15, 16), are
to our knowledge the first reports in the refereed
literature, to objectively demonstrate loss in strength
over time in the post-polio individual’s musculature.
Utilizing quantitative methodology to assess strength,
an average decline of approximately 2% per year
was found in the strength of the knee extensor
these subjects.
Although assessment of these subjects’ data cannot
demonstrate whether this loss in strength is greater
than could have been expected from the ageing
process alone, as a similar number of control
(non-polio) subjects were not also studied, com-
parison of our data to that reported in the literature
from cross-sectional studies (5, 8, 25, 31) demon-
strates that our subjects appear to lose strength at a
rate approximately twice that found in unimpaired
subjects. It is quite possible that the loss in strength
in the knee extensor musculature in these subjects is
due to a combination of the loss associated with the

musculature in 78  post-polio

ageing process as well as to etiological Factors related
to the post-polio condition. Further research will be
needed to clarify this.

Although the knee extensors were found to lose
strength over the 4-year interval when measured either
isokinetically or isometrically, the knee flexors were
not found to lose over this interval, At the present
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time, we have no explanation for this particular
finding. It should also be pointed out that although
the Swedish cohort had lower initial strength values
and were older than the American cohort, the rate of
loss of strength over time did not differ when compar-
ing the two groups for either the knee extensor or
flexor musculature.

Comparison of strength and change in strength with
post-polio syndrome symptoms

In this study we wished to determine whether subjects
with post-polio syndrome or with complaints of new
fatigue, weakness, walking difficulty, or stair climbing
difficulty were weaker than the other subjects initially,
or lost more strength over the 4-year interval of the
study than the other subjects. We also wished to learn
whether the presence of medical problems during the
4-year interval of the study affected the rate of change
in strength in these subjects.

Post-polio syndrome. The data show that the group
acknowledging post-polio syndrome at the time of
both evaluations were significantly weaker in the
knee extensor muscles than the group that never
acknowledged having post-polio syndrome. The group
of subjects who developed post-polio syndrome during
the intervening 4 years were found to have strength
intermediate to the other two groups. No differences
were found among the three groups regarding rate of
loss of knee extensor strength. As weaker subjects might
be expected to experience more problems related to
overuse phenomena, a common problem found in
post-polio patients (1, 26), it does not seem to be
surprising that the group acknowledging post-polio
syndrome at the time of both evaluations in this study
was the weakest group, while the group acknowledging
post-polio syndrome at the time of the second evalua-
tion had an average strength value intermediate to the
other two groups.

New fatigue. When comparing the mean strength data
of those subjects acknowledging new fatigue vs. those
not acknowledging it, it is evident that the former
were significantly weaker in the knee extensors and the
flexors than the other subjects. No difference was
found between the two groups, however, regarding
the rate of loss of strength over the 4-year interval of
this study. If one assumes that the weakness found in
the lower limb muscles evaluated in this study reflects
a more generalized weakness in these individuals, it is
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understandable why these subjects would experience
more fatigue. In order for weaker individuals to perform
their daily activities, they must utilize their muscles at
levels closer to maximum strength. Moreover, it is well
known that the higher the relative intensity of the
activity, the more rapidly will the individual suffer
fatigue (30). It has also been shown that individuals
with post-polio syndrome have greater difficulty in
recovering muscular strength after exhausting exercise,
which appears to be related to excessive local muscle
fatigue (2, 28. 29). Our findings from this study, how-
ever, do not exclude other possible causes for new
fatigue in post-polio individuals. A recent study by
Bruno et al. (9) postulated that fatigue was related to
damage to the brain activating system, at least in some
post-polio individuals.

New weakness. When our total cohort was divided
into two groups by acknowledgement of new weak-
ness, it was found that the group complaining of
new weakness had lower mean values for the strength
of their knee extensor and flexor musculature, but
this difference was not statistically significant. How-
ever, when comparing the mean values for knee
extensor and flexor strength of those subjects com-
plaining of new weakness vs. that of the individuals
complaining of new fatigue or of post-polio syndrome
at the time of both evaluations (PPS Both), the values
were remarkably similar. This finding may reflect a
‘threshold phenomenon’ (16). That is to say, when an
individual loses strength down to some certain critical
value, the relative amount of effort that the individual
must exert to complete activities of daily living will
become sufficiently close to maximum effort that
he/she will have little remaining reserve and will
become more aware of their difficulties. Should these
individuals continue to lose strength, thev might
ultimately lose the ability to perform some activities
that they were previously capable of.

It should also be pointed out that the group com-
plaining of new weakness may weaken more quickly
than those subjects not complaining of new weakness.
Although the strength of the knee extensor musculature
was becoming weaker in the total cohort, when knee
extensor strength was assessed isometrically, the rate of
loss was significantly greater in the group acknowled-
ging new weakness (12% loss over the 4-year interval vs.
a 2% loss). The reason for this difference is not known at
the present time, but warrants further research.

It was also found that the men lost significantly



more isokinetic knee extensor strength over the
d-year interval than did the women (12% vs. 7%
loss). We are unable to identify a specific reason for
this finding from our data set. Our data analyses
revealed no differences between the men and women
in this study regarding their descriptive data, body
areas initially affected by polio, new symptomatology
(vxcept for the complaint of cold intolerance), or
ncknowledgement of locomotor dysfunction.

New walking or stair elimbing difficulty. When com-
paring the average data of those subjects acknowl-
cdging either new walking difficulty or new stair
climbing difficulty, vs. those not acknowledging
these problems, it is seen that subjects with these
complaints are significantly weaker than the other
stbjects. The average strength for the knee extensors
and flexors for the subjects with new walking difficulty
15 approximately 35% less than that of the other
subjects, while for subjects with new stair climbing
difTiculty, the average strength of the subjects with
the complaints is approximately 40-45% less than
that of the other subjects. It should not be surprising
Lo learn that those subjects with the new stair climbing
difficulty are the subjects with the weakest knee
cxtensor and flexor muscles, as these muscle groups
are important in the performance of stair climbing
(6). Due to this weakness, these subjects must acti-
vate their musculature to near-maximum levels
when climbing stairs, so that any reduction in
strength over time will result in greater difficulty in
climbing stairs. Our data also show that subjects
acknowledging new stair climbing difficulty do lose
knee extensor strength, as determined isometrically,
al a greater rate than those subjects without this
complaint. The reason for this finding is not known,
but these subjects may very well have reached strength
levels where stair climbing became so difficult that
they deliberately avoided doing so. This limitation in
activity would then lead to further weakening due to
muscle disuse (4).

Vew medical problems. We attempted to determine
whether the noted loss of strength was related to
medical problems that the individuals experienced
over the 4-year interval of this study. It does not
appear that intervening medical problems were
related to the loss of strength in these subjects, as
there was no difference in initial strength or change in
strength over time when the total cohort was divided
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into groups with vs. without the acknowledgement of
new medical problems.

RESUME

The American and Swedish post-polio cohorts were
found to be quite similar; no significant differences
were found between the two cohorts regarding 18 of
the 21 variables examined. Of note, weight was found
to increase in these subjects over the 4-year time span.
In the same period, strength of the knee extensor
musculature declined by approximately 8%. Indivi-
duals acknowledging post-polio syndrome at the time
of both evaluations were the weakest individuals,
while those denying post-polio syndrome at the time
of both evaluations were the strongest. Although the
subjects of this study were found to lose significant
knee extensor strength during the course of this study,
those subjects acknowledging progressive weakness
were found to lose knee extensor strength, when
measured isometrically, at a greater rate than those
not acknowledging new weakness. Subjects with new
fatigue, walking difficulty, or stair climbing difficulty
were found to be weaker in both the knee extensors
and the knee flexors than those subjects not acknowl-
edging these symptoms.

We believe that three significant implications arise
from this study. First of all, as our two post-polio groups
were found to be quite similar, it is conceivable that this
might also be the case when comparing other post-polio
groups. This finding may have therapeutic implications
because, should a therapeutic endeavour be found to be
beneficial for some post-polio individuals, other post-
polio individuals might also be beneficially affected.
Secondly, post-polio individuals tend to gain weight as
they age and this may have an adverse affect on their
functional abilities. And, thirdly, over the time course of
this study. we have objectively demonstrated a loss in
strength in our post-polio individuals with an increase in
the proportion of subjects with symptoms compatible
with the diagnosis of post-polio syndrome. One would
expect that the proportion of post-polio individuals
experiencing difficulties in the future will continue
to increase. Thus, the importance of rehabilitation
interventions needed to assist these individuals
in maximizing their functional abilities deserves
emphasis.
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