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ABSTRACT

This thesis presents four studies focusing on ooésoof gait performance using gait
analysis and/or the Six-minute-walk test (6MWT)patients with post-polio syndrome
(PPS). Further, resistance training in combinatith Coenzyme Q10 (Q10) and
intravenous immunoglobulin treatment (Ilvig) in PB&ients was evaluated.

Study | was a test-retest reliability study wh2BePPS patients completed three
6MWT. Results of the study pointed to increaseidjéa in later tests among patients
who walked with walking aids. The intra-class ctatien coefficient (ICG 1) values
were high indicating high reliability. The standa&mior of measurement (SEM) and the
smallest real difference (SRD) were reasonablylsmalying that the 6MWT has
acceptable sensitivity and can be used to detalctlieical changes in a group as well
as in a single individual.

Study Il aimed to investigate, with gait analysiigt is, 3-dimensional (3D)
movement analysis during a clinical BMWT, gait ahtes and the influence of fatigue,
in 18 PPS patients compared to 11 healthy conffbis.results indicated fatigability in
the PPS group compared to the controls. A dispifaitar-flexed ankle at initial
contact (IC) was seen in the PPS patients. Howé&wemost striking finding of the
study was related to the hip joint which, at fotit{(6O), was flexed in the patients
while extended in the controls. The increased leixidn at FO was negatively
correlated with walking speed.

Study Il was a randomized placebo-controlled gtedtaluating the effect of
resistance training combined with oral supplemeérawith Q10 in 14 patients with
PPS. The result confirmed that muscle trainingde¢adncreased muscle strength,
muscle endurance and mental health. There weres\reaywno statistically significant
differences between the Q10 group and the placehgpdor any of the evaluations.

Study IV evaluated the effects of treatment witlg lon primarily gait ability,
measured with 3D gait analysis, in 17 PPS patiénssib-group performed a 12-week
muscular resistance training programme. Walkintadise and isometric knee flexion
strength increased while hip- and knee flexion@tdécreased after the 12 weeks for
all participants. Ivlg, in combination with traimgnresulted in a further increase in
walking distance as well as improved general healthless general fatigue.

In conclusion, the 6MWT is a reliable test for lexading gait ability in PPS
patients. One test may be enough for clinical pseppbut the best results of two tests
can be used for research purposes. Compared thyheahtrols, PPS patients walked
with plantar-flexed ankle at IC and an increasgxflleixion at FO. The latter negatively
correlated with walking speed. Muscle training paditive effects in PPS patients
regarding walking distance as well as muscle streagd mental health, with no added
benefit from supplementation with Q10. Treatmenhwilg resulted in increased
walking distances and isometric knee flexion sttierag well as a decreased hip- and
knee flexion at FO. An additional training programhad some further positive
effects. However, whether muscle training enhatieegffect of lvig cannot be fully
answered on the basis of the present data
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SAMMANFATTNING PA SVENSKA

Avhandlingen bestar av fyra studier som fokuseéagdngformaga utvarderat med
ganganalys och/eller sex minuters gangtest (6M\Wd3,patienter med post-polio
syndromet (PPS). Vidare har styrketraning i komioamamed koenzym Q10 (Q10) och
behandling med intravendst immunglobulin (Ivig) Ipegienter med PPS utvéarderats.

Studie | var en test-retest reliabilitetsstudie 2z patienter med PPS utforde tre
6MWT. Resultaten av studien pekade pa en oknirtghéthet i senare tester for
patienter som gick med hjalp av ganghjalpmedelakiass korrelations koefficienten
(ICC,.y) visade hoga varden vilket indikerar en hdg rditeh Standard error of
measurement (SEM) och smallest real difference (Sidade relativt laga varden
vilket tyder pa att 6MWT har en acceptabel kanslgith darmed kan anvandas for att
upptacka kliniska férandringar i en grupp saval $ms en enskild individ.

Studie Il syftade till att med ganganalys, dvsir@ahsionell (3D) rorelseanalys
under ett kliniskt 6MWT, undersoka gangvariablen paverkan av trétthet hos 18
patienter med PPS jamfort med 11 friska kontroRasultaten av studien pekade pa
trotthet under testet hos patientgruppen jamfod deefriska kontrollerna. En distinkt
plantarflekterad fotled vid fotisattningen (Init@bntact, IC) sags hos patienterna. Det
mest sldende fyndet i studien avsag emellertiddutih, da hoften vid fotavvecklingen
(Foot Off, FO) var flekterad hos patienterna octeederad hos kontrollerna. Den
okade hoftflexionen vid FO var negativt korreleraed ganghastighet.

Studie Il var en randomiserad, placebokontratiestudie dar effekten av
styrketraning i kombination med tillskott av Q1@shl4 patienter med PPS,
utvarderades. Resultatet av studien bekraftarakeitraning har positiva effekter, i
aktuell studie gallande muskelstyrka, uthalligheit mental halsa. Det fanns dock inga
statistiskt signifikanta skillnader mellan Q10- qalcebogruppen.

Studie IV syftade till att utvardera effekten ahbndling med Ivig gallande
framst gangférmaga, matt med registrering av réeglalys i 3D under ett kliniskt
6MWT hos 17 patienter med PPS. En undergrupp wfétdl2-veckors
styrketraningsprogram. For totala antalet deltaghesle gangstracka och isometrisk
knastyrka medans hoft- och kna flexion vid FO mauskefter 12 veckor. Ivig i
kombination med traning resulterade i en ytterbgakning av gangstracka samt
forbattrad generell hdlsa och minskad generelitedt

Sammanfattningsvis, 6BMWT &r ett reliabelt testiftardering av gangformaga
hos patienter med PPS. Ett test kan vara tillrgtkdir klinisk praxis, men det basta
resultatet av tva tester kan anvandas inom forgkdi@mfort med friska kontroller, gar
patienter med PPS med planktarflekterad fotled®@idch med en 6kad hoftflexion vid
FO. Den sistnamnda var negativt korrelerad medhstimgheten. Muskeltraning
visade pa positiva effekter hos patienter med PB& dkad gangstracka, muskelstyrka
och mental hélsa, utan ytterligare gynnsam effelktosttillskott med Q10. Behandling
med Ivig resulterade i 6kad gangstracka och isaskatmuskelstyrka i knaflexion samt
minskad hoft- och kna flexion vid FO. Traning restdde i viss ytterligare effekt, men
om muskeltraning forbattrar effekten av Ivig karckiinte helt besvaras utifran aktuell
studie.
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1 INTRODUCTION

1.1 POLIOMYELITIS (POLIO)

The word poliomyelitis comes from the Grgeios= grey,myelos= marrow and

-itis = inflammation. Poliomyelitis, or polio, is causega virus. There are three types
of wild polio virus, type 1, type 2 and type 3. Bahainly affects children under the
age of five years, but can strike at any age [t¢ Virus enters the body through an
oral pathway, through contaminated food and wat®i, multiplies in the intestine.
Many people infected by polio have no symptoms elatete the virus in their faeces,
hence transmitting the infection to others. Polfawinitially causes influenza
symptoms such as fever, fatigue, headache, vomditifnpess in the neck and pain in
the limbs. In some, but not in all, cases the pdalios gives a paralysis [1-2]. The
earlier in life you are infected, the less the o$lparalysis and permanent disability [3].

Polio was brought under control in the industredizountries after introduction of
vaccines in the 1950s and 1960s. In the1970s #rbed&nown that the polio virus was
also prevalent in developing countries, and routim@unization was introduced
worldwide. The Global Polio Eradication Initiatibegan in 1988 with the goal to
eradicate polio worldwide [1]. It is a public-priegpartnership led by national
governments and spearheaded by partners, amonghbaforld Health Organization
(WHO) and the United Nations Children’s Fund (UNKE

Today polio remains endemic in Afghanistan, Nigama Pakistan. Polio virus type
2 was most recently detected in India in 1999 gpdd 1 and 3 continue to circulate
in endemic areas [1].

Currently 12-20 million world-wide have sequelagofiomyelitis, according to
Post-polio Health International. The number of pgatients in the Swedish
population is estimated to be 15 000-20 000 [4].

1.1.1 Paralysis as a result of polio virus

The polio virus affects the anterior horn cellgha spinal cord, leading to a flaccid and
asymmetric paralysis. After the acute infectionlimical improvement is often seen,
where the paralysis can decrease or even disappegietely. This is mainly due to
reinnervation, “sprouting”. “Sprouting” is an efte@ process of the motor units,
where intact neurons grab muscle fibres without@eontact [2, 5], see figure 1. A
stable period follows with an ongoing denervatiemnervation process [6].
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Figure 1. Polio virus destroys the nerves to the muscles tlae nerves are repaired by
“sprouting”, the “denervation-reinnervation process

Infection resulting in paralysis most often affetts legs. Paralysis can, however, also
involve the trunk, arms and respiratory musclesicgd) breathing capacity. When the
brain stem is affected, polio can cause difficuitgwallowing and speaking, bulbar
polio [1].

1.1.2 Post-polio syndrome (PPS)

Many patients with prior polio risk developing newincreased symptoms, and this is
termed the post-polio syndrome (PPS). The PPS eppeaally at least 15 years after
the acute polio [7]. Besides increased muscle wesskrthe PPS comprises symptoms
such as fatigue, muscle- and joint pain (see sdadxlow) [5, 7].

Different criteria for PPS have been proposed awmdl by different polio clinics [8].
However, there is today a consensus to use theh\duldimes criteria [7]. Diagnosis
is based on medical history, typical findings oggal examination and
neurophysiological study (electromyography (EMG#e schedule below.

Criteria for PPS, given by March of Dimes:
1. Prior paralytic poliomyelitis with evidence of moteeuron loss

2. A period of partial and complete functional recgvafter acute paralytic
poliomyelitis followed by a period of stable newgical function

3. Gradual or sudden onset of progressive and persistgv muscle weakness or
abnormal muscle fatigability, with or without geakzed fatigue, muscle
atrophy or muscle and joint pain

4. Symptoms persisting for at least a year and

5. Exclusion of other neurological, medical and ortegic problems as cause of
symptoms.



The prevalencef PPS is reportedly between 20% and 85% [5]. Aacexalue may be
difficult to establish due to the use of differehiical diagnostic criteria. Although the
number of polio patients will decrease in the westeorld during the next few

decades, it will remain high in developing courgtiier the coming generation. Native
Swedish patients at the post-polio outpatient cdirdre today about 55 years of age and
older. However, an increased number at the Swetlishs are immigrants and

younger. PPS will therefore be of interest in Swhdiealth care for many years to
come.

The most common complaints among PPS patients enwsakness, fatigue, pain and
limitations in walking, are all included in the WH@ernational Classification of
Functioning, Disability and Health (ICF) dimensieanctioning and Disability. Muscle
weakness, fatigue and pain, are included in theyBaohctions and Structures part
while walking is included in the Activities and Reipation part.

Limitations in walking are one of the most prominproblems described by this
patient group [9] and reduced gait velocity hasreeorded [10]. Weakness in lower-
limb muscles affects gait. A non-linear associabetween muscle strength and
activity limitations in patients with neuromuscutiasorders has been shown by
Vandervelde et al [11], due to compensatory neusmoiar mechanisms. Lower-limb
weakness in polio patients is, however, directsoamted with falls [12-13], and with
increased sway [12]. Prior polio patient also leahiced balance compared to healthy
persons [10]. Braces are intended to improve niglaihd reduce pain and overuse of
muscles and joints and are commonly used by patieith prior polio. Ongoing
technical developments of orthopaedic braces, dietulightweight and strong
materials, make them more appealing and usefydtents to wear. Use of
lightweight braces by polio patients can save gnefgle walking. This was shown by
Brehm et al [14] who compared a total-contactdittarbon-composite knee-ankle-
foot-orthoses (KAFO) with a conventional leathert@ah&AFO for polio patients. The
energy cost decreased significantly when usingdneon-composite KAFO [14].

Fatigue in patients with PPS is multidimension&l][Dstlund et al [16] showed that
fatigue in PPS was mainly physiological. Howevesub-group of younger patients
with a shorter polio duration, more pain, highedypoass index (BMI) and lower
quality of life had both physical and mental faggd 7].

Pain is another common symptom [18-19]. A study\ilfen and Grimby [19] found
that more than half of patients with prior policdaPPS experienced pain daily with a
mean Visual Analogue Scale (VAS) score of 55. lother study, pain was present in
two thirds of PPS patients. Almost all pain wasioficeptive character and of
relatively high intensity. Pain was more frequeméported by women than by men,
and more often in younger patients [18].

There is now a consensus regarding the backgrduPB®, see chapter 1.2 below.

No specific treatment, only symptomatic treatmsnised today for PPS patients.
Physiotherapy seeking to increase or maintain nfatation is often recommended.
Of great importance is also information and edocaith PPS, life-style changes
including activity modification with more frequerdst breaks, and technical aids,

3



walking aids and orthoses for relief of weak museled joints. With the high number
of patients with sequelae of polio further scieattudies to increase or maintain
muscle function and quality of life are of greapmntance.

1.2 THE MOTOR UNIT AND POLIO

The peripheral nervous system consists of the nuotiori.e. the motor neuron and its
muscle fibres. Motor units with lower axonal contilme velocity are recruited before
units with higher. The motor unit consists of diffiet muscle fibres, subdivided into
type | (slow twitch) and type Il (fast twitch). Mmtneurons with the lowest thresholds
innervate type | muscle fibres, which contract eglex slowly and are fatigue-
resistant, while motor neurons with the highestshold innervate type Il fibers, which
contract fast and are easily fatigued. There @atively uniform mixture of fast and
slow fibres in the muscles, although, some vamaitioproportions of fast and slow
fibres are seen between different muscles, depgmtirtheir function [20], and also
between individuals.

Several compensatory phenomena take place in PR nmits, as seen in table 1.
Several studies have shown an increase in mubcedrea in subjects with prior polio
[6, 21-26]. The large muscle fibre areas may duwvasuse of the remaining muscle
fibres in patients with PPS with low muscle stréngt

Despite the increased muscle fiber area the nuoflEapillaries in contact with type |
fibers is significantly lower in patients than iontrols [22] and Grimby et al [6]
showed a decrease in capillarization, in poliograsi, during an eight-year follow up.
This might be an explaination for the fatigue angsobe pain experienced by patients
with PPS.

An increase in type | (slow-twitch) muscle fibresstbeen described in prior polio
patients [22, 27] and may be due to a transitiaiyé Il to type I. This was shown, by
Borg et al, to be supported by the finding of tyfieres containing both slow and fast
myosin [27] as well as no loss of type || motortarfi28].

There are also differences in motor unit recruitmBesidual muscle fibres in prior
polio patients with overuse are largely used il&or-none manner. Changes in the
contractile properties of the remaining muscleg#in the tibialis anterior muscle,
favour muscle strength before endurance [29]. Bswar [23-24] has shown low
oxidative enzyme activity in post-polio musclese¥t may be factors causing the
muscle fatigue in PPS patients.

The most powerful compensatory phenomenon in PR&niservation. The ongoing
denervation-reinnervation process in patients RRS (see chapter 1.1.1 above) results
in larger motor units, making it possible for feweotor neurons to do the work of
many. An approximate breakpoint for motor-unit Seems to be around 20 times the
normal size as described by Grimby et al [6]. Whnartor-unit size has reached an



upper limit, further losses of neurons can no lorgecompensated for. This results in
uncompensated denervation and, thereby, increagsdenweakness [6].

Table 1.
Compensatory muscle phenomena in patients with PPS.

Compensatory muscle phenomena in  References

PPS

Muscle fibre hypertrophy Grimby et al [6, 25-2Bhrg et al[21-
22] Einarsson [23-24]

Capillarization Borg, Henriksson [22], Grimby e{@]

Increase in type | muscle fibre Borg, Henrikssae][Borg et al [27]

Muscle fibre transition Borg et al [27]

Alterations in motor unit recruitment Larsson ef24l]

Oxidative enzyme activity Einarsson [23-24]

1.3 MUSCLE TRAINING AND POLIO

Physical activity is an important component of gday living, with many beneficial
changes both physiologically and psychologicallytivigrolonged muscle training, the
muscle fibres normally react by adaptation to &érdevel of performance. Normally
an improved cardiovascular conditioning and neactl/ation is seen during the first
6-8 weeks of muscular training and, thereafteinarease of muscle volume and
strength can be seen. Fibre size increases aslaksndurance training, mainly in
type | muscle fibres. In healthy individuals, higésistance training gives an increase in
muscle volume and strength corresponding to afdangss-sectional area of muscle
fibres [30]. Muscle fibre hypertrophy after heaegistance training has been reported
to occur mainly in type Il muscle fibres [30-31].

In patients with PPS, few randomised controllealdrhave investigated the effect of
muscle training. Two randomised controlled trisdsdr shown positive effects of
muscle training and aerobic exercise programmesotisely [32-33]. However,
several non-randomised controlled trials have shibhmuscle resistance training in
post-polio patients increases muscle strength apeéfformance [8, 23-24, 34-38].
Patients reporting regular physical activity halweven less muscle pain and fatigue
than physically inactive patients [39]. The bersedit exercise in patients with PPS
appear to occur when the patients exercise atsameable level, avoiding overuse
problems. In particular, it is important to instrpatients to avoid activities that cause
increasing muscle or joint pain, as well as exeessitigue, during or after an exercise
programme [40-41]. Whether the reinnervation-precedeneficially affected by
physical activity has not been established [413t#ly evaluating cardio-respiratory
response after a 16-week aerobic exercise prograshoweed that patients with PPS
respond to training in a manner similar to heatigsons. The exercise was performed
on a cycle ergometer, at 70% of maximal heart[B8E A training programme



focusing on endurance and performed by patients RS over six months showed an
increase in muscle strength in some muscle gragpsell as in work performance
with respect to heart rate at sub-maximal work |¢a8]. Willén et al showed that
dynamic exercise in warm water decreased heartresiteced pain and led to a
subjective positive experience [42] and had pasigffects on self-confidence [43].

Based on the findings from earlier training studgesne of them outlined above, it was
suggested that PPS patients with near-normal msselegth and no signs of motor-
unit reinnervation can be recommended heavy resistaiaining. Patients with
moderate paresis and signs of reinnervation caadmnmended sub-maximal
endurance training while those with severe past®sild avoid muscle training [44-
45]. However, the initial poliomyelitis affectedatapatient differently, resulting in
differing pattern of muscle weakness in each patiEme weakness is often
asymmetrical, which may lead to both over- and & in the same patient. It is
therefore of great importance that the traininggpiome be individually planned and
supervised by a trained physiotherapist [19, 4],,a&] the training should be
differentiated for different muscles, when necegsand carefully followed up.
Patients with PPS should also especially avoidexestion [41]. For these patients, as
well as for healthy subjects, it is very importamfind suitable physical activity for
cardiovascular conditioning.

1.4 PHARMACOLOGICAL INTERVENTIONS

A few studies of pharmacological treatment for guats with PPS exist (table 2).
Prednisone in high-doses has only shown a modest to increase muscle strength in
patients with PPS and was not recommended as &aatfor this patient group [47].
While Lamotrogine has shown positive effects ompfatigue and health-related
quality of life [48]. In a study by Stein et al [}®mantadine decreased fatigue in PPS
patients. However, a similar decrease was seenralle placebo group. Horemans et
al [50] found a slight effect of Pyridostigmine physical performance, but a study by
Trojan et al [51] showed no differences betweemdpgtigmine and placebo treated
PPS patients. Modafinil has shown some successlircing fatigue in patients with
other neurological conditions such as narcolep2yg&d myotonic dystrophy [53].
Although PPS patients’ complain of fatigue, Moddivas proved ineffective [54]. For
results of pharmacological treatment with Coenz@d® (Q-10) and intravenous
immunoglobulin treatment (Ivlg), see section 3antl 3.3.2 below.



Table 2.Medical interventions used in patients with PPS.

Medical Interventions References

Prednisone Dinsmore et al [47]

Lamotrogine On et al [48]

Amantadine Stein et al [49]

Pyridostigmine Horemans et al [50], Trojan et al|[5

Modafinil Vasconcelos et al [54], Chan et al [55]

Coenzyme Q10 Mizuno et al [56] + (IlI)

Ivig Farbu et al, Gonzalez et al, Kaponides et al, [3]7-6

Ostlund et al [61], Werhagen and Borg [62] + (IV)

1.5 EVALUATION INSTRUMENTS AND RATING SCALES

For evaluation instruments and rating scales uséuki present thesis, see table 3. Most
of these instruments were chosen for the preserit siace they are frequently used in
other studies including those of PPS patientsdtahl For further information about
physiotherapy evaluation instruments and ratinggescsee sections 3.4 and 3.5 below.

Table 3.Evaluation instruments and rating scales useldeiptesent
thesisand in other studies including patients with PPS.

Outcomes References Present studies
6MWT [58-60, 63-66] -1V
Gait analysis (3D) [67-69] I, v
Isokinetic dynamometer [24, 66, 70-76] I, Iv
SSS 0

TUG [10, 59, 64, 66, 77] I, v
Borg (RPE, CR-10) [34, 37, 42] -1V
SF-36 [46, 59-61, 63, 77-78] ", v
PASE [19, 59, 61] \Y
MFI-20 [15, 17], [46, 59] \Y
EQS5D \Y

VAS (pain) [18-19, 59, 61, 79] \Y




2. AIMS

The general aim of the work presented in this thesis to evaluate the outcome of gait
performance and capacity using gait analysis am&tk-minute-walk test (6MWT),
respectively, in PPS patients. Further, resistéraoeing in combination with Q10 and
Ivlig was evaluated with analysis of motor functiorcluding gait characteristics and
6MWT walking distance as well as health-relatediguef life.

2.1 SPECIFIC AIMS

Study |
Study | sought to describe the test-retest reltgmf the 6MWT in PPS patients.
Differences between patients with walking aids #nude without were also evaluated.

Study Il

The aim of study Il was to investigate, with 3-dm®nal (3D) movement analysis
during a clinical 6BMWT, gait variables and the ughce of fatigue, in PPS patients
compared to healthy controls.

Study IlI

Study Il aimed to evaluate the effectresistance training combined with oral
supplementation with Q10 in patients with PPS réiggrmuscle strength, functional
mobility, muscle endurance and health-related tyuafilife.

Study IV

Study IV evaluated the effects of treatment witly lon gait ability, measured with 3D
movement analysis, on PPS patients. A sub-grouprpeed a 12-week muscular
resistance training programme. Muscle strengthctawendurance, functional
mobility, health-related quality of life and pairere also evaluated.



3. MATERIAL AND METHODS

3.1 STUDY POPULATION

For participants’ recruitment, see figuréPatients included in the studies were
recruited from the post-polio out-patient clinidla¢ Department of Rehabilitation
Medicine at Danderyd University Hospital. In Stutypatients were also recruited
from a physical training group for PPS patientfanderyd University Hospital,
arranged by the patient organisation, Personskduefdet RTP -Rehabilitering,
Tillganglighet och Paverkan (Personal Injury Asation, Rehabilitation, Accessibility
and Influence). The healthy controls, includedtund$ 11, were recruited externally.
All patients included had a clinically and neurogiejogically verified diagnosis of
PPS, according to the criteria given by March ahBs [7]. Inclusion criteria for
participating in the studies were that the patigrése able to walk for six minutes; for
the controls that they were healthy and withouhp&or characteristics of participants,
see table 4.

Studies | and Il } [ Studies Il and IV J

n=18 n=19
_ —

4 excluded
1 excluded
n=14

NE—

Study I
n=14

M\

1 excluded

11 healthy
controls
included

n=18
Study IV
n=18

Traininggr./
Controlgr.
n=9/9

Study Il
patients, n=18
controls, n=11

With/without
walking aids,
n=14/9

Figure 2. Participants recruitment to Studies | and Illltjleind Studies Il and 1V (right).



Table 4.Characteristics of the patients and healthy camtrol

Study No of Status Gender Age Polio duration
subjects i mean+SD mean + SD
I 23 patients 9/14 677 62+5
Il 18 patients 9/9 67 +£10 50+6
11 controls 5/6 68 + 6
Il 14 patients 8/6 69+6 62+5
\Y 18 patients 9/9 68+9 61+6

3.2 PHYSIOTHERAPY INTERVENTIONS
3.2.1 Muscle resistance training (I, IV)

The muscle resistance training programmes usdtisttidies were performed over 12
weeks, three sessions per week with a duratio@-®Bminutes per session. The
training was supervised by a physiotherapist (tliea, KS). The patients were
instructed to avoid excessive fatigue and musdalg@nt pain during and after the
exercise programme.

The sessions started with a ten minute warm-upaytla ergometer, with an intensity
corresponding to 10-11 on the Borg Ratio of Pestklxertion (RPE) scale [80]. The
patients then performed muscle resistance traifioicigsing on the lower extremities.
For variation, training of the upper extremitiessvedso included, although without
evaluation of muscle strength or function. Thaahivorkload was 50-60% of one
repetition maximum (1RM) and was successively iaseel to an intensity of 70-80%
of 1RM. The training programmes consisted of cadde pull-downs, leg presses, arm
presses and thoracic/lumbar rotation (all in angjtposition, two sets of 10
repetitions/exercise). In addition, toe heaves weréormed standing on a surface at an
angle of 10 degrees (one set, maximum number efitigms/leg). In Study IV, hip
abduction, when lying on the side, (two sets ofefietitions) and heel rises when
standing on a flat floor (one set, maximum numbeepetitions/leg) were added to the
programme.
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3.3 MEDICAL INTERVENTIONS
3.3.1 Coenzyme Q10

Coenzyme Q10 (Q10) is an indispensable compoutiteakespiratory chain in the
inner mitochondrial membrane [81]. In a small stivtlguno et al [56] studied the
effect of Q10 in PPS and found an increased meseegy metabolism. Mizuno’s
study, however, contained only a few patients nometheless many PPS patients take
Q10 in order to increase muscle strength and foimcti

Before the start of study I, it was known thatmypgatients with PPS, visiting the
post-polio outpatient clinic in Stockholm, took plgmentation with Q10. With that
knowledge and results of the study by Mizuno ¢5@), it was important to perform
additional research in the area.

3.3.2 Intravenous immunoglobulin treatment (lvig)

Studies of cytokines and a proteomic study havieated an intrathecal inflammatory
process in the central nervous system in PPS pa{&2-83] and in peripheral blood
[58, 84]. The inflammation was down modulated big I5], which in a randomized
clinical trial (RCT) led to increased muscle stringnd physical activity and also
increased quality of life regarding vitality [S3hcreased quality of life, particularly
regarding vitality, after treatment with Ivlg, walso found by Kaponides et al [60].
Treatment with Ivlg also decreases pain in PP&piati{57, 62]. Positive effects of
Ivig may remain for up to a year [58]. One may sy&te that there are different
mechanisms behind the clinical effects of the tnesit with Ivig and the effects of
muscular resistance training. Thus, resistanceitigimay enhance the positive effect
of Ivig.
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3.4 PHYSIOTHERAPY EVALUATION INSTRUMENTS
3.4.1 The Six-minute-walk test (6MWT) (I-Iv)

The 6MWT is often used in physiotherapy for bdthical and scientific purposes to
evaluate gait performance.

The 6MWT is a product of the 12-minute running tstcribed by Cooper in 1968
[86]. Based on this, a 12-minute walking test prbieprovide useful objective
information about exercise tolerance in patients whronic bronchitis [87]. That test
provides a simple and practical guide to everydsatility. However, it was both
time-consuming for the test leader and exhaustinthe patient. For this reason
Butland and colleagues [88] explored the possyilitusing shorter walking tests to
assess exercise tolerance. Three tests, of twg-asid twelve-minutes, correlated-
highly, indicating that they were similar measuséexercise tolerance. Those authors
also showed that the longer the patients walkedgteater was the spread of results.
The differences were however not largdearning effect of the 6MWT was later
described and, thus, a prior familiarization of th& was recommended by Gibbons et
al [89].

The 6MWT has been used in several evaluations Sfgiients [58-60, 63-66] and
shows high reliability in this patient group [64}6B the study by Flansbjer and Lexell
[64], the test was assessed twice, seven days dpeats recommended for use in
clinical practice as well as in research to evalggtt performance and changes over
time in patients with PPS. Another study [65], d*SPatients, found that 6MWT
distance correlated with muscle strength and baldndhat study, the test was
conducted three times separated by at least ond3d#ty studies showed small learning
effects, i.e. the distance walked increased franttetest, however, without reaching
significance [64-65]. The distance walked in sixiotes also correlates with the
physical dimension scores of the Sickness Impaftl®(SIP) and the Short-Form 36
(SF-36) in patients with PPS [63].

In Studies | and I, patients were told to perfaire 6MWT at a speed they thought
they could manage for six minutes, using theirrmady shoes and with their ordinary
walking aid. The patient was informed that he @ sfas allowed to rest (the clock was
not stopped) and would not receive any physicas@see. In Study |, evaluating the
reliability of BMWT, three tests with 30 minutestdetween each, were performed by
the patients included.

In Study Il and IV, when 6MWT were combined with gait analysis, see below,
patients were told to walk as far as possible dusin minutes, at a self-selected speed.
The patients were, also here, allowed to rest aareé wot given any physical
assistance. They performed the test barefoot atmbutiwalking aids.
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3.4.2 Gait analysis (I, IV)

Gait analysis can afford data invisible when galfas inspected. Apart from spatio-
temporal parameters such as cadence and step,lgaitanalysis also gives kinematic
data such as joint angles during the gait cycleadsu often kinetic data,
electromyography (EMG) and digital video data. kinematic and kinetic measures
are reportedly more discriminative between grouipls different walking capacity than
gait speed alone, which has lower sensitivity [9Bjis is considered in Studies Il and
IV, where the 6MWT was combined with 3D movemerdlgsis. Earlier studies have
used similar technologies in evaluation of kneelexfidot orthoses (KAFOs) during
gait in patients with PPS [67-69]. However, noieadomparison between patients
with PPS and healthy controls regarding 3D moveraealysis has been found in the
literature.

Gait was analysed at the Human Physiological Labor&arolinska Institutet at
Danderyd University Hospital. For 3D movement asiaglyan eight-camera Vicon MX
System (Oxford, UK) was used. The present gaityaisasession consisted of three
parts: patient preparation, data recording and alzdiéysis. The patients were prepared
by attaching, 35 reflective markers to the skirthwlouble-sided tape, at anatomical
positions, according to the Plug-In Gait Full Bodgdel. With the markers attached,
the subject performed the test. The cameras emhliestight, which reflects back from
the markers. The coordinate location of each maskitien calculated within the
camera. The computer receives coordinates frotheltameras and tracks the markers
to establish a 3D image. Spatio-temporal gait patandata, here including walking
speed, step length and cadence, were processedhsiRlug-In Gait Full Body model
(figure 3) and the Polygon 3.5.1 software. ASQédiof the kinematic data, here
including ankle-, knee- and hip angles, in thetsalgpslane, during parts of the gait
cycle (see below), were analysed in AxoGraph 4@ (Anstruments, Inc., Foster

City, CA, USA) or in Microsoft Excel.

Figure 3. Registration of 3D movements.
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Figure 4. The Human Physiological Laboratory Karolinskaitoget at Danderyd
University Hospital.

The gait cycle starts with initial contact (IC), &hone foot contacts the ground, or
with heel strike. We chose the former since thé ise®ot always the first to touch the
ground. The cycle ends when the same foot coritaetground again [20]. In the
stance phase, the foot is on the ground for 60¢heotycle, while in the swing phase,
40%, the foot is moving forward through the aire®tance phase ends, and the swing
phase starts, when one foot leaves the grounafta@g-foot-off (FO) [20]. In studies II
and IV ankle-, knee- and hip angles, in the sdgittane, during IC and FO of the same
leg were analysed. Walking speed, step length addnce were also analysed. Data
were recorded for 7 s during the first and lass p@riods of the 6MWT, respectively.

A heart rate monitor (Polar), was used to evalbatet rate before, during and after the
test and the total distance walked was recorded.

In Study II, the PPS patient’'s most affected leg ws@mpared to the mean value of the
right and left legs of the healthy contrdis.Study IV, the patient’'s most affected leg,
based on isometric knee extension strength measitfe&in-Com, was used. If the
most affected leg was too weak to perform the thstpther leg was used after
neurophysiologic verification that it was affectgdpolio.
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3.4.3 Dynamometer (Ill, IV)

Isokinetic, dynamometers are frequently used tessssiuscle strength in both healthy
populations and in difference diseases. With actrteor hydraulic servo-controlled
mechanism, they provide constant velocity with amecmdating resistance throughout
the range of motion of a joint. The Kinetic Comnaator (KinCom) (Kin-Com 125 E
Plus, Chattecx Chattanooga, USA) and the Biodeahgmeter (Biodex Medical
Systems, NY, USA) are common isokinetic dynamonseter

Several studies have used isokinetic dynamometergaiuate muscle strength in
patients with PPS [24, 66, 71-72, 74-76] and teeretest reliability of isokinetic
dynamometers in this patient group has been eea(@0, 73]. In a study by
Flansbjer et al [70], the reliability of knee-exten and flexor-muscle strength
measurements was assessed in 30 patients withuBiR§ a Biodex dynamometer. The
authors concluded that knee muscle strength camglasured reliably and can also be
used to detect real changes after an interventiargroup of patients with PPS. In a
study by Kilfoil et al [73], the reliability of idanetic strength measurement was
assessed in eight patients with PPS, using a Gjfpexmometer. The study showed
that muscular performance of subjects with PPSsared isokinetically, is reliable.

A KinCom dynamometer was used for measuring kneschawstrength in Studies Ill-

IV. The patient sat (hip angle 90°) with their bagjainst a backrest with a seatbelt
strapped around the chest and the tested legharahkle fastened to the dynamometer
arm. The anatomical axis of the knee was aligndid the axis of the dynamometer,

and the distal aspect of the dynamometer arm veae@l2 cm proximal to the medial
malleolus. Dynamic knee muscle strength was medsira velocity of 60°sec with
start force set to 15 N. Range of motion was 90{3fdy Ill) (0° straight leg) and 90—
10° (Study IV). Gravity was corrected for at 459vArm-up session immediately
preceded the test (in Study lll, a learning sessitinin a week before the test was
added).

In Study lll, three maximal knee extensions, witle aninute of rest between each,
were performed to evaluate maximal peak torque.cMuendurance was measured by
recording total work (J), during 50 repeated maxiknae extensions at a velocity of
120%sec and with a passive return at a velocig08fsec.

In Study IV, three consecutive maximal knee extamsand flexions were performed
and total work (J) of the repetitions was evaluakéaximal isometric strength was
measured at 60° knee flexion. Three consecutivensiins and flexions respectively
were performed. Each trial lasted five secondd) witest of one minute between the
trials.
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3.4.4 The Five-times-sit-stand-sit test (FTSST)  (Ill)

The FTSST (in Study lll referred to as the Sit-gtait test (SSS)) was used according
to Whitney et al [91]. The patient is observed amekd while rising from a chair and
sitting down again five times with arms crossedrdkie chest [91]. In patients with
balance disorders, the FTSST has been descrilzedissriminative and valid test,
useful in clinical decision-making [91]. Whitneyadt[91] have shown that the FTSST
is capable of identifying people with balance diews. The test (Sit-to-stand
test/Timed-stands test where the test was perfodugdg ten seconds and ten times
respectively) can be used to assess lower-extrestnéggth in elderly patients and in
patients with rheumatoid arthritis and other chcahseases [92-93].

3.4.5 The Timed-up-and-go test (TUG) (il IV)

The TUG test is a reliable and valid test for qifging functional mobility [94]. The
test was performed according to Podsiadlo and Risba [94]. The patient is
observed and timed while rising from a chair, wadkihree metres, turning around,
walking back and sitting down on the chair aga#].[3he TUG has been used for
evaluating PPS patients in several studies [106896, 77] and has shown high
reliability in this patient group [64].

3.5 RATING SCALES
3.5.1 Borg evaluation scales (I-1v)

The Borg CR-10 (Category Ratio) scale and the HRfq of Perceived Exertion)
scale [95] are often used in connection with prglsactivity, exercise and before and
after the 6MWT for evaluating different symptomslaensations in patients with PPS
[34, 37, 42], in subjects with other diagnosesiarttealthy subjects.

The Borg CR-10 scale is suitable for determiningjesttive symptoms such as
breathing difficulties, aches and pain. The scatges from 0 to10, where 0 represents
“very, very weak” and 10 as “very, very strong”.eflBorg RPE scale is used for
evaluating perceived exertion and increases lipedth exercise intensity during work
on a cycle ergometer [80]. The values range framZD.

The Borg CR-10 scale was used in Studies I-1V f@uating dyspnoea and leg

tiredness and the Borg RPE scale for evaluatingiereBoth scales were used
immediately before and after each performed 6MWT.
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3.5.2 The Swedish Short Form-36 (SF-36) (lil, IV)

SF-36 is a commonly used health-related qualitife@fmeasurement [96] and is
translated into Swedish [97-98]. The questionngiiceips 35 items into eight
dimensions: Physical Functioning (PF), Role Phy¢iRR), Bodily Pain (BP), General
Health (GH), Vitality (VT), Social Functioning (SHRole Emotional (RE) and Mental
Health (MH). The sum score of each dimension isutated and transformed so that
the lowest and highest possible values are 0 a@dALBigher score indicates better
health status. The SF-36 has been used in setgd@&sfor evaluating quality of life in
PPS patients [46, 59-61, 63, 77-78].

3.5.3 The Physical Activity Scale for the Elderly ( PASE) (Iv)

The PASE is a reliable and valid instrument to ssghysical activity in
epidemiological studies of elderly persons [99-1@8]ten questions measure physical
activity over a one week period. Scores range 0am400, where a higher score
indicates more physical activity [101]. The PASE baen used in earlier studies of
PPS patients [19, 59, 61].

3.5.4 The Multidimensional Fatigue Inventory (MFI) (V)

MFI is a 20-item self-report instrument [102].dtdesigned to measure fatigue and
covers General Fatigue, Physical Fatigue, Mentiddfr@, Reduced Motivation and
Reduced Activity. Minimum and maximum scores focledgem are 4 and 20,
respectively. A higher score indicates greategieti The instrument evaluates self-
report fatigue during the previous days. The MH been translated into Swedish and
is reported as a valid and reliable instrumentieasuring fatigue in different patient
populations and in healthy individuals [103]. Thesgtionnaire has been used in earlier
studies of PPS patients both in evaluation of wetetions [46, 59] and in studies
examining characteristics of fatigue [15, 17].

3.5.5 The EQ5D (v)

The EQ5D measures health outcome and is intendagpfdement other quality of life
measures [104]. It consists of three question eaahobility, hygiene, main activities,
pain and anxiety/depression and a visual analocple §VAS) for self-reported current
health status. The EQ5D has been used for desgidnid following up health-related
quality of life in the general population in Stockim [105-106] and is today commonly
used by the Stockholm County Council.

3.5.6 Visual Analogue Scale (VAS) (Iv)

The VAS is described by Huskisson [107] as the reessitive method for measuring
pain. Zero on a 100mm scale represents no paid@hdepresents the worst
imaginable pain [108]. The VAS has been used, feasuring pain intensity in PPS
patients [18-19, 79] in studies evaluating IVIGatreent [57, 59, 62] and identifying
responders to IVIG treatment [61].
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3.6 ETHICS AND STATISTICS

All four studies included in this thesis were apa by the Regional Ethical Review
Board in Stockholm, Sweden (table 5).

Table 5.Registration number for each study included.

Study Ethical approval, Registration number

I 2011/1270-31/1
Il 2010/1883-32
1] 2005/1517-31/2
Y 2010/97-31/3

An overview of the statistical methods used appieaiable 6. The IBM SPSS

Statistics program (version 14 or 20) was usedddrulation of dataP < 0.05 was
considered as statistically significant. Descripthtatistics were used to present patient
characteristics and results i.e. mean and stamldsidtion (SD), median and quatrtiles
(25% and 75%) and minimum and maximum values, ¥offidence interval (Cl),
frequency and percentage. Bland Altman plots [1@8gre the difference of two
measurements for an individual subject is plotgairsst their mean, were used in
Study | for visualising systematic bias and ouslierthe 6MWT results.

Table 6.Overview of statistical methods used.

Study |  Study Il  Study lll  Study IV

ICCy1 X

Repeated Measures, ANOVA X X
Independent samplégest X

Paired samplestest X

Wilcoxon Signed Ranks test X X X
Mann-Whitney test X X X
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4. RESULTS, DISCUSSION AND CONCLUSIONS

4.1 STUDY I

In this intra-rater test-retest reliability study RPS patients completed three 6MWT.
Nine patients walked unaided. The group with wajkairds included nine using a stick
or a crutch when walking, three walking with twizks or two crutches and two using
a walker.

In earlier evaluations of the reliability of the 8WT in PPS patients [64-65], the tests
were assessed with at least one-to-seven daysdretaeh. The present study
evaluated the possibility for patients with PP®ddorm three 6MWT the same day,
which, in the outpatient clinic, is more practit@l both patients and staff.

Individual distances walked varied from 140 m t& 89, and the mean + SD was, for
test 1: 266 £ 72 m, test 2: 268 + 79 m and te&78:+ 80 m. The distance increased
from test 1 to test 3 also for the sub-groups wglkvith or without walking aids.
Patients who walked without walking aids walkedHar than those with.

The reliability of the three 6MWT appears in tabBlel'he intra-class correlation
coefficient (ICG.;) describes how strongly units in the same grospmible each

other. Our ICGvalues were here high, indicating high reliabi[}0] . Based on
these data, one 6MWT would be enough, for evalnatf@ait performance, at least for
a clinical purpose. The standard error of measune(sE=M) represents the smallest
change that indicates a real change for a grouplofiduals, and the smallest real
difference (SRD) represents the smallest chandentiaates a real change for a single
individual. Both SEMs and SRDs were reasonably sigblying that the 6MWT has
acceptable sensitivity and can be used to detaltlieical changes in a group as well
as in an individual. However, a small learning efff@as seen, since only eight of 23
patients had their first test as the best. Thuanfare precise evaluation of gait
performance, for example in research, two testdavoel preferable.
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Table 7.Reliability of two occasion measures in the Sixwte-walk test (6MWT) for the
whole group of patients (n=23), without walkings{@=9) and with walking aids (n=14).

BMWT ICCp; 95%Cl SEM(m) SEM (%) SRD(m) SRD (%)

Whole group n=23

T1-T2 0.98 0.95-0.99 12 4.4 33 12.2

T2-T3 0.99 0.97 - 0.99 9 34 26 9.5
Without walking aids n=9

T1-T2 0.97 0.89-0.99 14 4.6 39 12.7
T2-T3 0.99 099-099 5 15 13 4.2
With walking aids n=14

T1-T2 0.97 0.91-0.99 9.9 4.1 27 11.3
T2-T3 0.96 0.89-0.99 11.6 4.6 31 12.8

ICC, 1= intra-class correlation coefficient; Cl = confise interval;
SEM = standard error of measurement; SRD = sma#astdifference.

The differences in evaluation of exertion, dyspnaea leg tiredness (Borg RPE and
CR-10 scales respectively) between the tests wea#, oth for all participants and

for the sub-groups. The IGgvalues increased while the SEM and the SBIDes
decreased from T1-T2 to T2-T3 for the whole grong #r the group without walking
aids. However, the opposite was seen for the gmetlipwalking aids (see table 7). This
indicates an increase in fatigue in the later tiestthe group using walking aids. Based
on this, thirty minutes is regarded as a mininmaktfor recovery for this patient group.
As the present patients had fairly maintained wglability, the present results, should
be generalized only to this patient category. Oag tw further explore fatigability in
this patient category would be a longer walkinggeee.g. using the 12-minute walk
test (L2MWT).

According to the American Thoracic Society (ATS)dglines [111] for the 6MWT
patients are instructed to walk as far as pos$iblsix minutes and regularly
encouragement are included during the test. Howesructions for the 6MWT differ
between different studies [59, 64, 111-113]. Thesent subjects were told to walk at a
speed they thought they could maintain for six @awand were not given any
encouragement from the test leader during thettdshg into account the risk of
overstrain and overuse, as described in polio matiue to clinical weakness and
asymmetric paresis [40-41]. However, to evaluattueance adequately, subjects
should be instructed to cover as much ground asilgesiuring the six minutes i.e.
reach the maximum walking speed. One may anticipager walking distance and a
higher exertion rate with the latter instructions.

In conclusion, our data indicated that the 6MW€aasidered reliable for subjects with
PPS, as in previous studies. The present resstisralicated that the patients with
walking aids became fatigued during the later t&€3iigen the high reliability it may be
enough to perform one test. As mentioned aboveghierythe study showed a small
learning effect and therefore the best resulth®tivo tests can be used for research
purposes.
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4.2 STUDY I

In Study Il gait analysis based on registratioBBfmovement during the 6MWT, was
performed for 18 PPS patients and 11 healthy clsnffbe two groups were equal
regarding gender and age. Differences in the spatiporal and kinematic gait
variables were evaluated. Data were collectededbéginning and end of the 6MWT to
detect influence of fatigue.

The mean = SD distance walked during the 6MWT washfe controls 441 £ 51 m
and for the patients 229 + 88 m. This differen@ehed statistical significance
(p<0.001).

The PPS patients experienced more leg tirednesdysptioea, but equivalent exertion,
after the test, compared with the healthy contigtsvever, the PPS patients estimated
their exertion much higher than did the healthyticis before the test started. There
were no statistically significant differences betwéhe groups regarding heart rate at
rest or during the test.

All the spatio-temporal gait parameters differeghgicantly (p<0.001) between the
groups both at the beginning and the end of the @iywith lower values in the patient
group. This was anticipated as the PPS patientolast muscle strength. Both PPS
patients and controls was slowing down during tM8\E" with a considerably more
pronounced decrease in walking speed, cadenceemtength in the PPS group. This
indicated greater fatigability in the PPS groumtirathe healthy controls. In the PPS
group, fatigability was also seen in the kinemd#ata. This was because only in the
PPS patients, both hip and knee flexion at FO sogmitly correlated fairly well with
perceived exertion, at the end of the test (r=(04®,05, in both cases). In addition the
PPS patients’ walking speed correlated moderatangly inversely with both
perceived exertion and leg tiredness following@MW&NT (r=-0.65 and r=-0.62,
p<0.01),while for the controls, walking speed only corretatvith perceived exertion
following the 6MWT (r=0.62p<0.05).

Ankle angle at IC and hip- and knee angles at F@rdd statistically significantly
between the groups both at the beginning and arttief the 6MWT. At IC the ankle
was plantar-flexed in the majority of the PPS patidout dorsal-flexed in the majority
of the controls§<0.001). Further, three PPS patients had an ankgle éess than -10
degrees at the start and end. This was anticipasedtop-foot is often seen in this
patient group.

Perry et al [114] have shown that ankle plantadidie strength has an important role in
gait, affecting cadence and velocity. Ankle plafi@xion strength provides the “push
off” in the FO part of the gait cycle, moving theglinto the swing phase. As plantar
flexion torque was not measured, plantar flexocfiom cannot be excluded as a
limiting factor for walking speed in PPS patierti®wever, no correlations between the
increases iankle plantar flexion angle at FO and impaired wajlcadence or walking
speed were detected in the patients.

21



Instead, the most striking finding of the study welated to the hip joint, as the hip, at
FO, was flexed in the patients while extended éndbntrols [(<0.001). Also only in

the PPS patients, walking speed and cadence wigswail to moderately strongly
correlated inversely with hip flexion at FO bothla beginningr=-0.60,p<0.01; r=-
0.54,p<0.05) and at the end (r=-0.4%0.001; r=-0.52p<0.05) of the tesiWhy the
relationship between hip extension during gait\aatking speed was so robust in the
PPS patients cannot be answered on the basis pfabent data. It is mechanically
feasible that hip extensors would be important &ntain gait speed, e.g. by assisting
the advance of the contralateral leg [115]. Acauglyi, reduced hip extension has been
suggested as a functionally significant gait impaint in the elderly, exaggerated in
weak elderly people [116]. In PPS patients, itasazivable that due to distal muscle
weakness, the range of neuromuscular adaptati@islate to counteract the reduced
hip extension, is more limited than shown in welaledy individuals in general. As
dorsal flexion strength was not measured, it cabaaxcluded that the flexed hip
compensated for weakness in dorsal-flexion and-tropmoving the leg forward in
swing phase without dragging the foot along therflo

Thus it cannot be stated from the present resuietiver rehabilitation focused on the
hip will be important in PPS. One may, however,dtipgsize that the deficient hip
extension noted in our PPS patients is of clinsggificance, and that physiotherapy
programmes focusing on strengthening hip musclgbtmcrease gait function, e.g.
increased step length and walking speed of PP&npsti

In conclusion, the 6MWT is a fatiguing test for PR&ients. A distinct plantar-flexed
ankle at IC was seen in the PPS patients togetitiesignificantly more flexed hip and
knee at FO compared with the controls. The 3D tesulderscore the importance of
hip function in this patient group.
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4.3 STUDY Il

In this randomized placebo-controlled study 14 PRt&nts were included. They were
selected for either resistance training combingt wial supplementation with Q10
(200 mg/day) or resistance training combined widitgbo treatment.

After training, for all the patients, muscle strémgmeasured with SSS and an
isokinetic dynamometer) had increased statisticajgificantly £=0.010 ang<0.05
respectively) as had muscle endurance (measurb®MiVT) (<0.05) and mental
health (measured with SF-3@~0.05). There were, however, no statistically
significant differences between the Q10 and thegtla group for any of the
evaluations.

As in several previous studies [8, 23-24, 32-38f,results show that PPS patients
have positive effects of resistance training. Thproved 6MWT result in the Q10
group might suggest increased muscle enduranceevawhe results of the other
tests including total work during muscle endurafmeasured with an isokinetic
dynamometer) did not support this assumption. @asan for the positive results on
mental health might be the positive effects ohirag in a group several times per
week, meeting others in the same situation ang@dkgive atmosphere in the group.

Given the recommendations to PPS patients to axakexertion, the subjective
feeling of pain and fatigue was taken into caretuisideration and individual changes
from the exercise programme were made. For the saasen, it was in some cases
hard to test 1RM and the workload was then basdteopatient's muscle strength,
earlier workload and subjective feeling.

There are uncertainties in this kind of study whbeepatients themselves take
supplementation with drugs/placebo. The small nurabsubjects makes it hard to
draw any absolute conclusions about the effectldf, @s the effect may differ from
one person to another. The groups were not mafong@nder or age. Further, the
study spans a relatively short time, so we canrawény conclusions regarding long-
term effects of supplementation with Q10.

In conclusion, no beneficial effect of Q10 suppletagon on muscle function or
quality of life in patients with PPS was seen. Tégult confirmed that muscle training
leads to increased muscle strength, muscle enduranaevalking distance and mental
health.
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4.4 STUDY IV

Study IV was a clinical, open prospective studyebeeen PPS patients received
treatment with Ivlg (90 g) (15 included in gait &sés). A sub-group performed a 12-
week muscular resistance training programme.

After the 12 weeks for all the participants, watkolistance during 6MWT increased
statistically significantlyg= 0.041), while walking speed and cadence tended to
increase=0.077 an@=0.067, respectively). Isometric knee flexion sgtérhad
increased@=0.044) after the 12 weeks. This corroborateseditidings i.e. increase
of muscle strength and physical activity as a tesfulvlg treatment in PPS patients as
reported by Gonzalez et al [59].

Decreased hip$E0.006) and kneep€0.001) flexion at FO were seen after the 12
weeks compared with pre-treatment. Only the higeaagFO correlated moderately
strongly with walking distance (r=-0.76350.001) and walking speed (r=-0.696,
p<0.004) including cadence (r=-0.67%0.006) and fairly well with step length
(r=0.579,p<0.024), at the beginning of the pre treatment Td® correlation between
decreased hip flexion at FO and increased walkiegd corroborates findings seen in
study Il. These correlations disappeared after é2ka. However, in accordance with
study Il, one may speculate that interventions khfmcus on increasing hip muscle
strength in PPS patients, as increased strengtimiay lead to a decrease in hip
flexion angle and an amelioration of gait function.

During the 6MWT, fatigability was seen i.e. decexhwalking speed both pre-
treatment and after 12 weeks. A tendensy0(065) towards decreased leg tiredness, at
the end of the test was seen after the 12 weekparawh with pre treatment. Despite
increased walking distance, no differences were segarding fatigue i.e. heart rate,
exertion or dyspnoea, indicating that Ivig doesdeatrease fatigability in the short
perspective of 12 weeks.

In earlier studies, treatment with Ivig has showsifive effects regarding quality of
life [59-60] and pain [57, 62] in PPS patients.sTWwas not found in the present study,
except for increased general health in the traignogip. One explanation may be the
low number of participants with pain included ie $tudy (ten patients reported pain
with intensity 20 mm or more on VAS pre-treatmefft)is pain sub-group showed,
however, a tendencp£0.057) to a decrease in pain intensity after tidgtment
compared to pre-treatment. The present result®tisupport earlier speculations by
Gonzalez et al [59] that a decrease in pain coalthe primary effect of Ivig treatment,
leading to increased muscle function. In additiea,saw no correlation between pain
intensity and walking distance.

One hypothesis in the study was that effects afitrg and Ivig treatment have

different backgrounds and a combination of theselavizad to improving the

individual results. Whether muscle training enhartbe effect of Ivig cannot be fully
answered on the basis on the present data, siagetider distribution was skewed, the
number of patients training was low and the tragrgnoup proved, even before
treatment, to have statistically significantly gegasometric knee strength than the
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group on lvig treatment alone. However, in thenireg sub-group, a further increase in
walking distance was seen after 12 weeks comparpckttreatmenipE0.030). When
comparing the groups, improved general health (@Hg3-0.020) and less general
fatigue (MFI-20) p=0.036) were also seen in the training group dfterl2 weeks. In
addition they showed a tendency towards increasestlsstrength i.e. total work
during isokinetic knee extension and flexion sttngegarding the difference between
baseline and after the 12 weegs{.096 an@=0.083 respectively). The results of
training resembled earlier reported effects, algjiroa more pronounced effect was
anticipated. The results may be explained by tleevskl distribution of the patient
material or to a possible common background foeffexts of Ivig and training.

Studies of Ivlg treatment in PPS patients includ lbesponders and non-responders to
Ivlg treatment. This leads to difficulties in inpeetation of results. Main indicators for
identification of responders of Ivig treatment hageently been reported [61] as age
below 65 years, paresis in the lower extremitiesamsence of concomitant disorders.
In future studies including only responders to lirgptment, one would have a more
accurate conclusion as to whether Ivlg alone, @ombination with training, has a
clinical effect.

Individual changes from the exercise programme \aks@ made in this study, as in
Study lll, following the recommendations given 83’patients to avoid overexertion.

In conclusion Ivilg treatment in PPS patients ldadm increased walking distance and
hip flexion angle most probably due to increasedcteustrength. The additional
training had some further positive effects, whiciyrbe due to the skewed distribution
of the patient material or may be due to a comnamkd@round of Ivig and training.
Based on the present results it is obvious thasboeald only include PPS patients who
are responders to Ivlg in order to obtain adeqgdate on the clinical effect of Ivlg. The
physical training should be focused, as discugs&ludy II, on increasing muscle
strength and stabilization in the hip.
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5. GENERAL DISCUSSION AND CONCLUSION

5.1 POLIO AND POST-POLIO

In my experience, there is a general belief thabpm longer exists, especially in
Sweden and in the younger population. However,rdaog to the Post-polio Health
International, there are 12-20 million people vadguelae of poliomyelitis in the wold
today and in the Swedish population the estimatmeadber of polio patients is 15 000-
20 000 (according to RTP [4]). This makes it onghefmost common disorders with
neurological deficits, and it is still endemic ifieav countries. In Sweden, as in many
other countries, increasing numbers of patients saefjuelae of poliomyelitis are
immigrants and young people. The high number aépts with sequelae of polio, in
some cases with severe affection of function, oeytavarrants further scientific
studies. Due to individual differences in the effeaf acute poliomyelitis the need for
rehabilitation interventions differs. Further, dsyroup of patients will develop PPS
with increasing neurological deficits and increasedd for medical and rehabilitation
interventions. However, it is as important to ratag interventions in patients with
sequelae of polio as in PPS patients.

Further, PPS patients may serve as a model for dib@rders with lower motor neuron
lesions, such as neuropathies and muscle disddsesit is of great importance to
study PPS patients to increase our knowledge gitadaand compensatory
phenomena. This knowledge may serve as a backgfoutailoring physical
interventions in both PPS patients and other patiwith sequelae of polio, as well as
in those with other lower-motor-neuron disorders.

5.2 GAIT ABILITY

PPS patients have a subjective feeling of reduathbe and fear of falling [13, 117].
This might be due to weakness in lower-limb musf8e98] and compensatory changed
motor unit characteristics [21-24, 26-27, 29, 1¥8]jich may also decrease their ability
to rapidly avoid obstacles when walking. The 6MWAE Ishown high reliability in PPS
patients and is often used for evaluating gaitqggarance and physiotherapy
interventions. As shown in Study | it is sufficigatperform the 6MWT once. It may,

as shown in Study I, be used in combination wikhdait analysis, to enable detection
of data invisible when only gait is inspected.

Except from the plantar-flexed ankle at IC, seethemajority of the PPS patients, the
most striking finding from the present gait anaysas the generally larger hip flexion
in PPS patients than in healthy controls, mostestidt FO, where the hip was flexed
in the patients while extended in the controlshenPPS patients only, hip extension at
FO correlated with walking speed. Muscle weakne$swer leg muscles and drop-
foot are often seen in this patient group and tieapalysis was here performed
without orthosis, i.e. ankle dorsal-extension csthoAs dorsal flexion strength was not
measured, it cannot be excluded that the gendaatjg hip flexion compensated for
weakness in dorsal-flexion and drop-foot movinglégeforward in swing face without
dragging the foot along the floor. Peak hip ext@mss, however, shorter in elderly
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fallers compared to non-fallers and is the onlekmatic finding in elderly people,
exaggerated in fallers [116]. The alterations i gattern i.e. reduced hip extension
seen in PPS patients, may, as in the elderly, infyg@d@nce and thereby cause fear of
falling. Few regular activities in daily life extérthe hip to its maximum, thereby
stretching the hip flexors. Thus, based on thigsytherapy interventions aiming at a
general increase in muscle power in the lower mtge and with focus on hip muscle
stability and muscle strength, may have clinicdi@an walking distance, speed and
balance. The physiotherapy interventions may tedaae falls and the fear of falling.
They should therefore be recommended in PPS patient

5.3 EXERCISE AND MUSCLE WEAKNESS

Physically active patients with PPS have shownifsogmtly lower odds of
experiencing polio-related late muscle pain anddiatthan those not often physically
active [39]. Physiotherapeutic interventions, sashphysical activity and muscle
training, are the basis for rehabilitation of PR8gnts [5]. The present training results
add evidence that exercise has several positieetefbn muscle strength, quality of
life (here regarding mental health and generalthgalnd fatigue, in PPS patients.
Based on this, an active lifestyle should be recemufed for patients with polio
sequelae. However, this is not without problemsesipPS patients have asymmetric
paresis which may lead to both over- and low usauscles in the same patient, and
low muscle strength in an overexerted muscle isaéble for physical exercise.
Individually-planned training programmes are therefof great importance. The
patient’s subjective feeling of pain and fatiguewdd be taken into careful
consideration, following the recommendations git@RPS patients to avoid muscle
overuse (exertion to the point of muscle pain atigidie) both in daily living and in
exercise. There are, however, no prospective symi@/ing that increased muscle
activity or training in polio patients leads todasf muscular strength compared with
the absence of training or less muscular activity.

New symptoms may force patients to physical inégtileading to a vicious circle.
Why physically active patients have lower oddsléte polio-related symptoms is not
clear. One explanation may be the beneficial chabgth physiologically and
psychologically of physical activity in general.

5.4 MEDICAL INTERVENTIONS

The earlier positive effects of Q10 in PPS patiergse not reproduced in Study I,
there being no beneficial effect of Q10 supplent@ran muscle function or quality
of life. However, long-term effects of supplemeittatwith Q10 have not been
evaluated.

The results of the Ivig treatment in Study IV wardine with results from earlier
studies [59]. Ivlg had a positive effect includingreased walking distance, increased
isometric knee flexion strength and decreaseddng-knee flexion angle at FO. A
characterization of responders is ongoing andmned#iry characteristics have been
reported [61]. In future studies, which should aniglude responders to Ivlig, more
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precise data are anticipated concerning the outadrie treatment in PPS, since only
about one-third of PPS patients are respondekddpile. have positive effects of the
treatment.

Ivlg treatment in combination with training resdt® a further increase in walking
distance as well as improved general health (SF38)ess general fatigue (MFI-20),
compared with the group only receiving Ivig treatmélore similar groups including
only responders to Ivlg and a larger number ofigpetints would be required to give a
more accurate conclusion as to whether Ivig in doatlmn with training, has a clinical
effect.

5.5 CONCLUSION

e BMWT is a reliable test for evaluating gait abilityPPS patients. One test may
be enough for clinical purposes, but the best tesiditwo tests can be used in
research.

» Compared to healthy controls, PPS patients walk plantar-flexed ankle at IC
and an increased hip flexion at FO. The latter tregl§t correlated with
walking speed.

* Muscle training has positive effects in PPS pasieagjarding walking ability
i.e. walking distance as well as muscle strengthraantal health.

¢ Q10 supplementation showed no beneficial effeahaacle function or quality
of life in patients with PPS.

» After Ivlg treatment, increased walking distanaéssmetric knee-flexion
strength, and decreased hip- and knee flexion av&®@ found.

* lvlg, in combination with training, gave a furthacrease in walking distance
as well as improved general health and less gefatiglie.

5.6 CLINICAL IMPLICATIONS

The 6MWT, which is a reliable test for evaluatirait@bility in PPS patients, may be
performed once for clinical purposes.

It is suggested that physiotherapy interventioegsi$ed on the function of the hip may
improve gait ability, such as increased step leagthwalking speed, in patients with
PPS. Physiotherapeutic interventions aimed at&sang muscle strength in the lower
extremity, focusing on hip function i.e. strengiimd stabilizing exercise may also
prevent falls.

Supplementation with Q10 cannot be recommende® & fpatients, according to study
I

As in previous studies Ivig showed positive effentpatients with PPS. Ivig in

combination with muscle training showed furtheripes effects. Further studies are,
however, needed to fully answer whether musclaitrgienhances the effect of Ivig.
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5.7 FUTURE RESEARCH

Based on the results of Studies Il and 1V, a fuprgect should include PPS patients
in three groups, one performing resistance trajrong receiving treatment with Ivig
and one receiving treatment with Ivlg in combinatwith resistance training. Only
responders of Ivig are planned to be included.

A training programme, focused on range of motio®§R, strength- and stabilizing
exercise for muscles around the hip, is to be dgeel and evaluated.

An ongoing research project aims to evaluate tguiency of falls, and to collect
clinical data so as to increase the knowledgeafdéfalling and consequences of
falling in patients with PPS.

Gait analyses are often performed barefoot, witinalking aids, as also done in the
present work. Different kinds of orthosis and watkaid are, however, often used by
PPS patients. Using gait analysis for evaluatioRR$ patients’ gait, with their usual
walking aids and orthoses and/or in validation@#fnwalking aids and orthoses would,
therefore, be of great interest and give knowlesgmut their ordinary gait
performance.

A research project already started aims to evathat@-, 6- and 12-MWT in PPS
patients. Twenty PPS patients are planned to paatecin the study, performing 2-, 6-
and 12-MWT, with one week between each. It is hypsized that patients with PPS
with different levels of paresis may show muscteg&bility when performing the
different tests. Thus, 2-, 6- and 12-MWT shouldgataly be applied in different patient
groups.
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