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Objective: To evaluate gait in patients with post-polio syn-
drome, using the 6-minute walk test (6MWT) combined with 
three-dimensional kinematic analysis.
Design: Descriptive study.
Subjects: Eighteen patients and 11 healthy controls.
Methods: Kinematic data were obtained during a 6MWT 
by a Vicon motion capture system. Distance, heart rate, leg 
tiredness, dyspnoea and exertion were also recorded. 
Results: Patients with post-polio syndrome showed larger 
increases in leg tiredness (p < 0.001) and dyspnoea (p < 0.05) 
as a result of the 6MWT than did controls. Walking speed 
decreased by 14.1% in patients vs 4.7% in controls (p < 0.05). 
Fourteen out of 18 patients displayed plantar-flexed ankle at 
initial contact (1/11 controls). At foot-off, the patients had 
a flexed hip (extended in controls) and a more flexed knee. 
Walking speed in patients correlated with hip angle at foot-
off, at the start (r = –0.60, p < 0.001) and the end of the 6MWT 
(r = –0.74, p < 0.001), being higher the more the hip was ex-
tended. 
Conclusion: The 6MWT is fatiguing for patients with post-
polio syndrome, and this was reflected in the kinematic data. 
Walking speed was negatively correlated with the increased 
hip flexion, but not with the ankle plantar-flexion at foot-off 
in the patients with post-polio syndrome. The three-dimen-
sional results underscore the importance of hip function in 
this patient group. 
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IntRoductIon

Many patients with prior poliomyelitis are at risk of developing 
new or increased symptoms, known as post-polio syndrome 
(PPS). Weakness in previously affected and unaffected mus-
cles, fatigue and pain are the most common symptoms of 
PPS (1). 

due to compensatory neuromuscular mechanisms, there is 
a non-linear association between muscle strength and walking 

ability (2–4). The increase in slow-twitch muscle fibres and a 
loss of fast-twitch muscle fibres reported in patients with PPS 
(5–7) may decrease their ability to rapidly avoid obstacles 
when walking, and may be the background for the subjective 
feeling of reduced balance and fear of falling. Furthermore, 
patients with PPS often display drop-foot (8), which neces-
sitates compensatory changes in gait pattern.

the aim of the present study was to characterize gait in 
patients with PPS, by using the 6-minute walk test (6MWt) 
combined with 3-dimensional (3d) movement analysis in order 
to obtain spatio-temporal and kinematic parameters during 
the gait cycle. the PPS patients’ gait was compared with that 
of healthy controls. A further aim was to evaluate differences 
between the beginning and end of the 6MWt in the gait vari-
ables, in order to evaluate whether any influence of fatigue 
could be detected during the test. 

MAtERIAl And MEthodS
Subjects
A total of 18 patients with PPS, according to the criteria of March of 
dimes (9), were recruited from the post-polio outpatient clinic at the 
department of Rehabilitation Medicine, danderyd university hospital. 
Eleven healthy controls were recruited externally. table I shows the 
characteristics of the subjects. Five patients and one control were on 
anti-hypertensive medication. heart rate data from these subjects were 
included, as data did not differ from the whole group. Subjects had no 
other cardiovascular disorders.

All subjects were able to walk for 6 min. canes/crutches were used 
indoors by 4 of the patients with PPS. Eight of the patients with PPS 
regularly used some kind of orthosis on the analysed leg; 1 used a 
full-leg orthosis, 5 used a dorsal extension support, and 2 used a knee 
orthosis. In all, 10 of the patients with PPS were normally dependent 
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table I. Characteristics of patients with post-polio syndrome and healthy 
controls

 
PPS (n = 18)
Mean (Sd)

control (n = 11)
Mean (Sd)

Age at examination, years 67 (9.5) 68 (6.1)
Body length, m 1.68 (0.09) 1.74 (0.09)
Body weight, kg 75.5 (13.4) 71.3 (11.6)
BMI 26.7 (3.2) 23.5 (2.4)
Polio duration, years 59 (5.7)

5/6Gender, men/women, n 9/9

BMI: body mass index; Sd: standard deviation.
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on assistive devices, and 8 walked unaided in their daily life. When 
performing gait analysis, all the subjects walked unaided and barefoot. 

All patients in the study had reduced muscle strength, with different 
patterns, in the lower extremity. According to Manual Muscle testing 
(MMt) scale 0–5, from the PPS patients’ medical history, medians 
(range) were: hip flexion/extension 4 (3–5)/3.25 (2–5), knee flexion/
extension 3 (1–4.5)/3.5 (1.5–4), ankle dorsal flexion/plantar flexion 
2 (0–5)/2.5 (0–5).

Gait analysis
Registration of 3d movement analysis during 6MWt, was performed 
in the human Physiological laboratory karolinska Institutet at dan-
deryd university hospital. 

For 3d movement analysis an 8-camera VIcon MX System (Vicon, 
oxford, uk), sampling frequency 100 hz, was used. the Vicon Plug-
in-Gait marker set and model were used to generate the kinematic data. 
the most affected leg of the patients with PPS was chosen on the basis 
of data from medical records and by means of MMt. For 10 patients 
it was obvious which leg was the most affected. For the remaining 8 
patients, the most affected leg was chosen in agreement with notes in 
the patients’ medical records regarding which leg was the weakest. 
the most affected leg was compared with the mean value of the right 
and left legs of the healthy controls. 

the test was performed over a distance of 10 m, due to the length of 
the laboratory. Subjects were told to walk as far as possible during 6 
min, at a self-selected speed. they were allowed to rest and were not 
given any physical assistance during the test. Borg scales (10) were 
used, immediately before and after the test, to evaluate leg tiredness 
and dyspnoea on the category Ratio (cR-10) scale and exertion on the 
Ratio of Perceived Exertion (RPE) scale. heart rate was recorded with 
a heart rate monitor (Polar Electro oy, kempele, Finland) strapped 
with an elastic band around the thorax.

Data analysis
During the first and the last 30-s periods of the 6MWT data were 
recorded over 7 s in each period. Mean values of 2 consecutive steps 
were analysed. For spatio-temporal gait parameters (cadence, step 
length and walking speed), the data of Plug-In-Gait were further 
processed using the Polygon 3.5.1 software (Vicon). The ASCII files 
of the kinematic data (sagittal plane hip, knee and ankle angles at 2 
foot positions) were analysed manually in AxoGraph 4.9 (Axon Instru-
ments, Inc., Foster city, cA, uSA). two critical foot positions were 
analysed, initial contact (Ic), when one foot contacts the ground and 
foot-off (Fo), when the same foot leaves the ground. 

Statistical analysis
the statistics program SPSS Statistics (version 20) was used for 
calculation of data. p < 0.05 was considered statistically significant. 
Following tests for normality with the kolmogorov-Smirnov test, an 
independent samples t-test was used for comparisons between groups, 
regarding 6MWt, heart rate and gait parameters. A paired samples t-
test was used to compare gait parameters within groups. the Wilcoxon 
signed-ranks test was used for evaluation of Borg scales (RPE, cR-
10) within groups and the Mann-Whitney U test for results between 
groups. correlations were analysed with Pearson correlation test. 
data are given as median (range) and means (standard deviation; Sd).

Ethical approval
the study was approved by the Ethical Review Board in Stockholm, 
Sweden (dnr 2010/1883-32).

RESultS
Walk distance
Patients with PPS walked a mean distance of 229 (88) m  
during the 6MWT (range 54–380 m). This was a significantly 
shorter distance than controls (441 (51) m; range 366–510 m) 
(p < 0.001). Patients with PPS who were normally dependent 
on assistive devices walked a shorter distance (193 (86) m) 
than patients with PPS who normally walked unaided (275 
(71) m) (p < 0.05). this difference was secondary to a lower 
cadence (p < 0.05).

Exertion, leg tiredness, dyspnoea and heart rate
In the basal state, patients with PPS experienced more leg tired-
ness, exertion and dyspnoea than did controls (table II). All 3 
variables increased as a result of the 6MWt in both the patients 
with PPS and the controls, but the increases were significantly 
larger in the PPS patients regarding leg tiredness and dyspnoea 
compared with controls. there were no differences between 
patients with PPS who were normally dependent on assistive 
devices and those who normally walked unaided.

heart rate at rest before the test was 75 (12) beats per minute 
(bpm) (mean (Sd)) in patients with PPS and 68 (11) bpm in 

table II. Exertion at the Borg Ratio of Perceived Exertion (RPE) scale and leg tiredness, dyspnoea at the Borg CR-10 (Category Ratio) scale, presented 
with mean (standard deviation; SD) and median (range)

PPS 
(n = 18)

controls 
(n = 11)

PPS vs controls

Before
p-value

After
p-value

difference 
after before
p-valueBefore After p-value Before After p-value

Exertion
Mean (Sd) 10.4 (3.2) 14.2 (2.7) < 0.001 6.3 (0.6) 9.2 (2.9) < 0.05 < 0.001 < 0.001 n.s.
Median (range) 11 (6–18) 15 (9–19) 6 (6–8) 9 (6–14)

leg tiredness
Mean (Sd) 2.0 (1.1) 5.3 (2.0) < 0.001 0.1 (0.2) 0.8 (1.0) < 0.05 < 0.001 < 0.001 < 0.001
Median (range) 2.5 (0–3) 5 (2–10) 0 (0–0.7) 0.5 (0–2.5)

dyspnoea
Mean (Sd) 1.4 (1.2) 3.6 (2.0) < 0.001 0.2 (0.4) 1.4 (1.1) < 0.01 < 0.005 < 0.005 < 0.05
Median (range) 1.25 (0–4) 3.5 (0–7) 0 (0–1) 2 (0.3–3)

PPS: post-polio syndrome; SD: standard deviation; n.s.: not significant.
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controls (not significant). Heart rates increased (p < 0.001) to 
reach plateau levels during the test, of 96 (12) and 101 (18) 
bpm in the 2 groups, respectively. 

Spatio-temporal and kinematic gait parameters 
Spatio-temporal gait parameters at the beginning and end of 
the 6MWt are shown in table III. All spatio-temporal gait pa-
rameters differed significantly between the groups, both at the 
beginning and the end of the 6MWt (p < 0.001). the relative 
decrease in step length and walking speed from the beginning 
to the end of the 6MWT was significantly larger in patients with 
PPS than in controls (p < 0.05), but not significantly different 
between patients with PPS who were normally dependent on 
assistive devices and those who normally walked unaided. 
Patients with PPS, who were normally dependent on assistive 
devices, walked slower at the end of the 6MWt compared with 
those who normally walked unaided (p < 0.05).

the kinematic gait parameters from the beginning and end 
of the 6MWt are shown in table IV. 

Fourteen of 18 patients with PPS and one control had ankle 
plantar flexion at IC (PPS patients vs controls, p < 0.001). 
Furthermore, 3 patients with PPS had an ankle angle less than 
–10º, both at the beginning and the end of the test. Patients 
with PPS normally dependent on assistive devices had a more 
plantar-flexed ankle at IC at the end (but not at the beginning) 
of the test, compared with those who normally walked unaided 
(p < 0.05). There was no significant correlation between ankle 
dorsal flexion strength and ankle plantar flexion at IC.

Generally, a larger hip flexion was seen in patients with 
PPS than in controls. this was most evident at Fo, where the 
hip was flexed in the patients, but extended in the controls 

(p < 0.001). At the end of the 6MWt, the patients with PPS 
also had a significantly greater knee flexion at FO compared 
with controls (p < 0.05). Patients with PPS who were normally 
dependent on assistive devices tended to have a more flexed 
hip at Fo than those who normally walked unaided (p < 0.06). 
There were no significant correlations between hip extension 
strength (or plantar flexion strength) and hip flexion at FO. 

In the patients with PPS only, both hip and knee flexion 
at FO at the end of the 6MWT were significantly correlated 
with perceived exertion at the end of the 6MWt (in both cases 
r = 0.47, p < 0.05). only in the patients with PPS, was walking 
speed as well as cadence inversely correlated with hip flexion 
at Fo at both the beginning (r = –0.60, p < 0.01; r = –0.54, 
p < 0.05) and the end (r = –0.74, p < 0.001; r = –0.52, p < 0.05) 
of the 6MWt. the correlation between hip angle at Fo and 
walking speed for the PPS group is shown in Fig 1.

there were no differences between the patients with PPS 
and controls regarding the change between the beginning and 
end of the 6MWt for these variables. In the patients with PPS, 
walking speed was inversely correlated with both perceived 
exertion and leg tiredness following the 6MWt (r = –0.65 and 
r = –0.62, p < 0.01). In controls, walking speed was instead 
positively correlated with perceived exertion following the 
6MWt (r = 0.62, p < 0.05).

dIScuSSIon

The main finding of this study was related to the ankle and 
the hip. At IC the ankle was plantar-flexed in the majority of 
patients with PPS, but dorsal-flexed in the majority of con-
trols. this was anticipated, as drop-foot is often seen in this 

table III. Spatio-temporal gait parameters (mean and SD) at the beginning and end of the 6-minute walk test (6MWT), the difference beginning-to-end 
in percent and the p-value, for the post-polio syndrome (PPS) and control groups

Parameters

PPS (n = 18) controls (n = 11)

Beginning
Mean (Sd) 

End 
Mean (Sd) diff % p-value

Beginning 
Mean (Sd)

End 
Mean (Sd) diff % p-value

cadence, steps/min 103 (17) 97 (18) –5.7 < 0.05 128 (11) 126 (14) –2.4 n.s
Step length, m 0.51 (0.13) 0.47 (0.13) –8.4 < 0.001 0.75 (0.05) 0.74 (0.05) –1.9 n.s
Walking speed, m/s 0.88 (0.29) 0.77 (0.29) –14.1 < 0.001 1.61 (0.18) 1.54 (0.20) –4.7 < 0.05

SD: standard deviation; diff: difference; n.s: not significant.

table IV. Kinematic gait parameters (mean and SD) at the beginning and the end of 6-minute walk test (6MWT), and the p-value, for the post-polio 
syndrome (PPS) and control groups

Parameters

PPS (n = 18) controls (n = 11)

Beginning
Mean (Sd)

End
Mean (Sd) p-value

Beginning
Mean (Sd) 

End 
Mean (Sd) p-value

hip angle at Ic 34 (9) 34 (10) n.s. 30 (5) 31 (5) n.s.
knee angle at Ic 10 (6) 11 (7) n.s. 10 (3) 11 (4) n.s.
Ankle angle at Ic –5 (6) –5 (6) n.s. 5 (4) 4 (4) < 0.05
hip angle at Fo 13 (11) 14 (13) n.s. –7 (9) –9 (9) < 0.005
knee angle at Fo 41 (10) 39 (9) n.s. 35 (7) 31 (8) < 0.05
Ankle angle at Fo –8 (9) –6 (11) n.s. –11 (6) –9 (6) n.s.

A positive value denotes flexion (for ankle: dorsal flexion), whereas negative values denote extension (for ankle: plantar flexion). 
IC: initial contact; FO: foot-off; SD: standard deviation; n.s.: not significant.
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patient group. It is known that, in general, ankle plantar flexion 
strength has an important role in gait and is the best predictor 
of cadence and velocity (11). A reduced plantar flexion power 
leads to a decreased pre-swing “propulsive” force. Plantar 
flexor function cannot be excluded as a limiting factor for 
walking speed in patients with PPS, as plantar flexion range of 
motion (RoM) was not measured, but we found no correlation 
between walking speed and plantar flexion strength. The most 
striking finding was instead related to the hip joint, where, in 
the patients with PPS only, hip extension at Fo was robustly 
correlated with cadence and walking speed. It is mechanically 
feasible that hip extensors would be important to maintain gait 
speed, e.g. by assisting the advancement of the contralateral leg 
(12). In accordance with this, reduced hip extension has been 
suggested to be a functionally significant gait impairment in 
the elderly (13). No statistically significant correlation between 
peak hip extension (at Fo) during gait and walking speed in 
elderly subjects is normally reported in the literature (14, 15). 
this illustrates the importance of 3d movement analysis in 
the patients with PPS. We can only speculate regarding the 
origin of the decreased hip extension. It could be the natural 
consequence of an extension defect, or of hip extensor weak-
ness, although we found no correlation between hip extension 
and hip extensor muscle strength in the present study. It cannot 
be excluded that the flexed hip is a compensation mechanism 
in order to secure the advancement of the leg into the swing 
phase. Whether rehabilitation measures focussed on the hip 
will be important in PPS cannot be stated with certainty from 
the present results. 

An additional finding in the present study was that both 
patients with PPS and controls slow down during the 6MWt. 
the decline in walking speed was larger in the patients with 
PPS than in controls, indicating greater fatigability in the PPS 

group. this was anticipated, as the patients with PPS had lower 
muscle strength. It can be noted that, following the 6MWt, 
patients with PPS, on average, perceived exertion as between 
somewhat exhausting and exhausting according to the Borg 
scale (10), whereas controls perceived the walking as very 
easy. the much larger fatigue perceived by the patients with 
PPS was also reflected in the kinematic data, where, in the 
patients with PPS only, both hip and knee flexion at FO were 
significantly correlated with perceived exertion at the end of 
the 6MWt. the short walkway of 10 m, due to the length of 
the laboratory, may also increase fatigue due to a high number 
of turnarounds.

In conclusion, the 6MWt is fatiguing for patients with 
PPS, as reflected in the kinematic data. Walking speed was 
negatively correlated with the increased hip flexion, but not 
with the ankle plantar-flexion at FO in the patients with PPS. 
the 3d results underscore the importance of hip function in 
patients with PPS.

AcknoWlEdGEMEntS

the study was supported by grants from karolinska Institutet and the 
Stockholm county council (Stockholms läns landsting AlF-grant).

REFEREncES

1. Gonzalez h, olsson t, Borg k. Management of postpolio syn-
drome. lancet neurol 2010; 9: 634–642.

2. horemans hl, Bussmann JB, Beelen A, Stam hJ, nollet F. Walk-
ing in postpoliomyelitis syndrome: the relationships between 
time-scored tests, walking in daily life and perceived mobility 
problems. J Rehabil Med 2005; 37: 142–146.

3. Vandervelde l, Van den Bergh Py, Renders A, Goemans n, thon-
nard Jl. Relationships between motor impairments and activity 

Fig. 1. correlation between hip angle at foot-off and walking speed, at the beginning and end of the 6-minute walk test (6MWt) for the post-polio 
syndrome (PPS) group. A positive hip angle denotes hip flexion, whereas negative values denote hip extension. Numbers (1–18) denote individual patients.

J Rehabil Med 45



928 K. Skough et al.

limitations in patients with neuromuscular disorders. J neurol 
neurosurg Psychiatry 2009; 80: 326–332.

4. Willen c, Sunnerhagen kS, Ekman c, Grimby G. how is walking 
speed related to muscle strength? A study of healthy persons and 
persons with late effects of polio. Arch Phys Med Rehabil 2004; 
85: 1923–1928.

5. Borg k, henriksson J. Prior poliomyelitis-reduced capillary supply 
and metabolic enzyme content in hypertrophic slow-twitch (type I) 
muscle fibres. J Neurol Neurosurg Psychiatry 1991; 54: 236–240.

6. Borg k, Borg J, Edstrom l, Grimby l. Effects of excessive use 
of remaining muscle fibers in prior polio and LV lesion. Muscle 
nerve 1988; 11: 1219–1230.

7. Grimby G, Einarsson G, hedberg M, Aniansson A. A Muscle 
adaptive changes in post-polio subjects. Scand J Rehabil Med 
1989; 21: 19–26.

8. lord SR, Allen GM, Williams P, Gandevia Sc. Risk of falling: 
predictors based on reduced strength in persons previously affected 
by polio. Arch Phys Med Rehabil 2002; 83: 757–763.

9. the March of dimes. Post-polio syndrome: identifying best 
practice in diagnosis and care [Internet]. 2001 [cited 2013 Jan 

25]. Available from: http://www.marchofdimes.com/downloads/
PostPolio.pdf.

10. Borg G. Borg’s Perceived Exertion and pain scales. champaign, 
Il: human kinetics; 1998.

11. Perry J, Mulroy SJ, Renwick SE. the relationship of lower ex-
tremity strength and gait parameters in patients with post-polio 
syndrome. Arch Phys Med Rehabil 1993; 74: 165–169.

12. McGibbon cA. toward a better understanding of gait changes with 
age and disablement: neuromuscular adaptation. Exerc Sport Sci 
Rev 2003; 31: 102–108.

13. kerrigan dc, lee lW, collins JJ, Riley Po, lipsitz lA. Reduced 
hip extension during walking: healthy elderly and fallers versus 
young adults. Arch Phys Med Rehabil 2001; 82: 26–30.

14. kerrigan dc, todd Mk, della croce u, lipsitz lA, collins JJ. 
Biomechanical gait alterations independent of speed in the healthy 
elderly: evidence for specific limiting impairments. Arch Phys Med 
Rehabil 1998; 79: 317–322.

15. Riley Po, dellacroce u, kerrigan dc. Effect of age on lower 
extremity joint moment contributions to gait speed. Gait Posture 
2001; 14: 264–270.

J Rehabil Med 45


