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SUMMARY

Background: Obstetric fistula affects thousands of women gyesar, one of the dreadful
consequences of surviving an obstructed labourafority of these are left untreated,
abandoned by their husband and family to a lifmaneasing poverty and misery. Not only do
these women suffer from leakage of urine and fgenasy also end up with additional tragic
complications of the obstructed labour, one of themmg lower extremity neuromuscular
deficits. Several studies report on drop foot amadkig difficulties in patients with obstetric
fistula. However, less obvious neuromuscular sefjaginot been focusefissuming that

such deficits exist we aimed to describe the neusoaiar function hip down in women with
obstetric fistula to uncover such deficits.

Methods: This hospital-based case-control study was achoig at University of Gondar,
Ethiopia. According to a power-calculation 101 caskobstetric fistula and a corresponding
number of controls were planned. Participants weskided and a short questionnaire was
used to collect background data, and the followmmegasurements were carried out: height,
weight, passive range of motion of lower extrersifEROM), manual muscle testing of
lower extremities (MMT), testing of reflexes, antkke, leg and upper arm circumference.
The measurements were taken by one of two physayiists.

Results During the allocated study period 51 cases arfidcbditrols had been included in the
study. Women with obstetric fistula were signifidgrshorter than the controls (150.8 cm vs.
156.7 cm), had a lower weight (44.5 kg vs. 48.7 lagre of similar BMI (19), had had a
longer duration of labour (2.8 vs. 0.5 days) angtaerally high rate of stillbirth. Leg pain and
walking difficulties immediately following the dekry were significantly more commonly
reported in the fistula group (19.6 vs. 7 % an®3&. 0 %, respectively). As many as 27 %
of the fistula cases still complained of walkindfidulties at the time of the present hospital
admission, but it did not seem to affect activinéslaily life to a great extent when compared
with the control group (19 %). Time since delivergs not significantly different in the
groups (median 3 years for fistula patients anéaryfor controls).

No joint contracture was found, but decreased pasange of motion on knee flexion and
extension, and ankle dorsal and plantar flexion segs. 2 cases also had their passive dorsal
flexion completely lost, one of them in both ankl&smarginally increased passive range of
motion on hip extension and hip abduction was fdsad. The fistula cases were stronger for
hip extension, knee flexion and hip lateral rotatiNo drop foot was found, but a tendency
towards decreased strength of ankle dorsal flearmhinversion. There was no difference in
testing reflexes, and only marginally smaller upgren circumference. Controlling for
observer did not seem to affect the results.

Conclusion: Women with obstetric fistula more commonly repdrpain and walking
difficulties in the time following the obstructealdour. With years passing by much of these
problems seems to resolve but at examination atanélyears after birth some signs of less
obvious impairment and compensatory adaptation lmeayaced. The results, however suffer
from a yet not completed recruitment of particigant
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1. INTRODUCTION
1.1 Anatomy
1.1.1 Anatomy of the pelvis

The pelvis is composed of the two innominate b@mekthe sacrum to which the coccygus is
attached. The two innominate bones and the sacremoanected anterior at the symphysis
pubis and posterior at the left and right sacroijants forming a bony ring. The ring is
deeper posterior forming a curved canal, makingstiperior border of this canal the pelvic
inlet, while the inferior border is called the peloutlet. The space between the pelvic inlet
and the pelvic outlet is called the true pelvisg&iter forming a rigid joint held together by
strong ligaments and musculature surrounding thesp& he pelvic joints are reinforced by
heavy ligaments, allowing only small gliding andary movements, providing a stable
platform for the vertebral column and to transfeight to the lower part of the body. The
female pelvis is recognized as more shallow witaighter sides, a wider angle between the
pubic rami at the symphysis and a greater pelvitkeboaompared with the male pelvis. The
ideal female pelvis, called the gynaecoid pehdashaped with a well-rounded oval inlet and
outlet (figure 1). When any of the diameters oftiiue pelvis is less than 1 cm compared with
the ideal gynaecoid pelvis, it is termed a conadgielvis (Mantle et al 2004, Moore et al
2007).

(c) Gynaecoid (d) Android

Figure 1: 4 types of pelvic inlet. (Mantle et al 2004)
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1.1.2 The musculature system

Many names are used to describe the muscles pellie floor. In this study the description
from Mantle et al (2004) is chosen, consistinghef ievator ani, also known as the pelvic
diaphragm or pubovisceralis (pubococcygeus) andakicygeus muscles. The anterior
midline cleft of these muscles is called the uraigéhiatus, and is the location of which the
urethra, vagina and rectum pass. Further, theoesuthivide the pubovisceralis into the
pubovaginalis, puborectalis and the pubococcygauanged from medial to lateral
respectively. The urogenital diaphragm or the maEimembrane lies inferior to it, and the
external anal sphincter posteriorly. The urogemltaphragm consists of the compressor
urethra muscle and the urethrovaginal sphincterogimmuscle anterior and is responsible for
the compression of the distal urethra. Moving frioternal to external we find the external
genital muscles, known as the ischiocavernosubgoalernosus or bulbospongiosus and the
transverse perineal muscles. The most outer layei external genitalia and the skin. The
pelvic floor muscles contribute to maintain contioe for urine and faeces while allowing
voiding, defecation, sexual intercourse and chittibin addition to the overall function to

support the abdominal and the pelvic viscera.

The structure-function system responsible for kegpis continent is divided anatomically
into the urethral support system and the sphirctdoisure system. The urethral system
consists of the anterior vagina, the endopelvicifaghe arcus tendineus fasciae pelvis, and
the levator ani muscles, while the sphincteric wtef the urethra is given by the urethral
striated muscles, the urethral smooth muscle, la@dadscular elements within the
submucosa. It is the unique shape and functiohexfd muscles that acts in keeping us
continent. However, if the striated fibres of tbgdtor ani are injured or the circular
innervation is impaired, the muscular contractieeded to support the urethra will loose its
power, hence it might never be restored (Ashtorldvi2001, Snooks et al 1986). This is also
relevant in older people (24 healthy subjects witan age 74), as aging was found to be
associated with loss of maximum voluntary isomedtrength (Thelen 1996). Other muscles
involved with the pelvic floor muscles are the iedoccygeus, obturator internus and the
piriformis, although none of them have direct cehtaith the vagina or the anal sphincter
(Mantle et al 2004).



Figure 2: Pelvic floor musculature (superior view). (Mandeal 2004).

1.1.3 The nervous system

The structures of the pelvis are mainly innervdigdhe sacral (S1-S4) and coccygeal nerve
and the pelvic part of the autonomic nervous systdoore et al 2007). The motor roots
(anterior) and the sensory roots (posterior), leheespinal cord according to their positions
and joins into a single spinal nerve. Then theygaeénto networks of interwoven nerves,
called plexuses (Standring 2008).

The lumbosacral trunk, or cord, is formed mainly by the L-5 root with a contributing

branch from the L-4 root. It travels a relatively long route in close contact with the ala of
the sacrum adjacent to the sacroiliac joint. The lumbosacral trunk is then cushioned
throughout its course by the psoas muscle, except at its end near the pelvic brim, where
itlies in close contact with bone. Further it travels inferiorly and anterior to tHa af the
sacrum to link to the sacral plexus, S1-S2.

Most branches of the sacral pleXesve the pelvis through the greater sciatic faanthe

two main nerves being the sciatic nerve and thepdal nerve. The tibial and common
peroneal nerves (also called the common fibulavejeare both branches of the sciatic nerve,
and run down the posterior leg, behind the posténee. The common peroneal nerve,
responsible for active dorsiflexion, inversion awersion of the foot, further separates into
the superficial peroneal branch and deep peroreakr(Butler 2000, Katirji et al 2002,
Magee et al 2002, Standring 2008). The sensory sarae, a continuation of the tibial nerve,

descends to the foot between the two gastrocnemaiads. Down the road it joins one of the
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communicating branches of the common peroneal nehanging its name to lateral sural
nerve.

The anterior thigh nervearise from the L2, 3, 4 root levels, with the fealmerve
descending through the psoas muscle, along witmthenal ligament. The nerve is
responsible for active hip flexion and active keagension. The obturator nerve arises as a
division from the lumbar plexus, L2, 3, 4, andasponsible for both motor and sensory
distribution of hip adductor musculature. The latéemoral cutaneous nerve arise from L2
and L3, crosses the iliacus muscle and pass thealand of the inguinal ligament, being
responsible for the sensory distribution to thersiateral thigh. A continuation of the
femoral nerve is the saphenous nerve, down thldtge medial ankle, only responsible for
the sensory supply to the anteromedial knee anthttkal leg (Butler 2000, Kendall et al
2005, Magee et al 2002).
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Figure 3: The pelvic nerves. From http://anatomytopics.filesdpress.com/2009/01/pelvic-nerves-

sacral-plexus-2.jpg. [Cited 10.May 2011).



1.2 Obstetric fistula

Obstetric fistula, as a result of obstructed, pngked and neglected labour, manifests as a
"hole” between the bladder and the vagina (ves&gival fistula) or the rectum and the
vagina (recto-vaginal fistula) (Hilton 2003, Millet al 2005, Williams 2007). In addition to
the fistula in itself, a range of physical comptioas and morbidities are associated. Some of
these injuries are caused by the fistula itselierghs others are sequel of obstetric damage
(Miller et al 2005). Further, these injuries areeoflabelled as local or intravaginal problems,
and distant or extravaginal problems (Waaldijklet94). Wall et al (2005) describes the
injuries associated with the fistula as the”obdtddabour injury complex”. Foetal death,
urinary and/or faecal incontinence, complex uratagjury, vaginal scarring and stenosis,
secondary infertility, musculoskeletal injury, nelagical conditions such as foot-drop,
chronic skin irritations and amenorrhea (absenaeraenstrual period), are some of the
terrible complications associated with fistulaabtdition, psychosocial damage due to
isolation and loss of social support because obffensive odour, divorce or separation,
worsening poverty and malnutrition, affects thowsaof young girls and women (Miller et al
2005, Wall et al 2005).

The vast majority of obstetric fistula that occursleveloping countries is caused by
obstructed labour and obstructed trauma, vesicorabgnd recto-vaginal fistulas being the
most common injuries. Less common accidental iagurelated to caesarean section, forceps
delivery, other operational injuries, traditionafgical practices such as circumcision and
gishiri cutting, a procedure where a traditionagtitioner makes several cuts in the vagina in
order to enlarge the birth canal, and complicatienved from illegal abortion, may occur
(Ampofo et al 1990, Hilton et al 1998, Hilton 2008 aaldijk et al 1993, Wall et al 2004).
Mathevet et al (2001) also found a 7.7 % incidevfoeesico-vaginal fistulas after bladder
injuries during vaginal hysterectomy. Circumcisisrstill practiced in various parts of North
Africa, mainly Sudan and other Moslem countriet@lgh the exact relevance to obstetric

fistula is still unknown (Hilton 2003).

A study from north central Nigeria found as many88 cases of obstetric fistula out of 932
(96,5 %), all related to delivery and labour. Vesiaginal fistula was by far the most

prevalent of all obstetric fistulas 764 of 899 &b %), while a combination of vesico-



vaginal and recto-vaginal fistula and recto-vagfislla alone counted for the remaining, 11
% and 4 % respective(yvall et al 2004).

In developed countries, the main reason for obsti$tula is surgery, due to either
malignant- (30.4 %) or benign (62.7 %) conditioreesarean section 5.9 % and obstetric
injuries, only 0.9 % (Hadzi-Djokic et al 2009). §rshows that with modern obstetric
technologies one might decrease the number ofdisses dramatically, as most cases of
fistula in the developed world emerge as a comiitinaof gynaecological surgery (Williams
2007).

1.2.1 Reasons for obstetric fistula development

Several studies describe “a low gynaecologic atjeat is conception within two completed
years of menarche” (Scholl et al 1989 p. 358), psssible factor explaining why young girls
in developing countries tend to develop a fistalaamparison with their female sisters in
more developed countries even at the same chracalage. Higher age at menarche and
young age at marriage, results in young, first-tmahers in developing countries (Miller et
al 2005).

Further, to be able to understand the context arthum development of obstetric fistula, one
must look into the cultural, social and geographaspects as well. Not surprisingly, obstetric
fistulas are more commonly found in areas whereemat mortality is high and especially
where obstructed labour contributes to the higlogr@age of maternal deaths. Thaddeus and
Maine (1994) describes “the three stages of ddlat’often result in maternal mortality;
delay in the decision to seek care, delay in dravéhe health care facility and delay to
receive adequate care. All this results prolongeattended obstructed labour. Of those who
reach a facility and have ended up with a fistB@&50% had been in labour o8 days,
depending on whether it was the second or latén birthe first (Muleta et al 2010). Some
tragically dies. There is a higher risk of obstedactabour in young girls when the pelvis has
not fully developed. Additionally they may be sterhias a result of malnutrition and
infectious load during childhood and adolescené® girls most commonly affected are
often poor, illiterate with low social status, haxeen married early and come from remote
areas of the society (Hilton 2003, Lewis et al 20R&mphal et al 2006, Wall et al 2005).

1.2.2 The fistula patient
A retrospective review of 932 fistula cases at gpital in Nigeria showed that 899 (96.5%)

could be linked to labour and delivery. The “typiistula patient” was described as small
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and short, 44 kg and <150 cm, had been marriegl €515 years) but was now divorced or
separated. The mean age at menarche was 14.5 $harsias uneducated, poor, and from a
rural area and had developed her fistula as a gravida during a labour that lasted at least 2
days and which resulted in a stillborn fetus (Angpef al 1990). These findings correspond
with the study from Berhane et al (1999) and Muédtal (2007). The largest study to date
(Muleta et al 2010) including 15 000 fistula pateeshowed that the average age was higher
than Muleta had reported previously and that thetion of teenagers was small, possibly
reflecting a growing awareness in the society witle. Hilton et al (1998) reported a median
age of 28 years, 62.5 % were still married ancho$é ending up with a fistula, only 31.4 %
followed their first pregnancy. Moreover, 73 % delied at a hospital, where the duration of
labour had been on an average for 2.5 days. Oétivosnen attending the hospital for
delivery, 1.96 fistula cases per 100 deliveriesengstimated. Similar findings were presented
by Ezegwui (2005) in a study from Eastern NigeMaan age for fistula patients were 34.1
years, mean age for fistula formation was 30.1s/aad the marital status 75.8%. A total of
91.9% had had an obstructed labour, and only 3hdd@ spontaneous vaginal delivery,
resulting in a 78 % stillborn rate. The rest hashedorm of operative delivery. Mean

duration of labour was 2.3 days and the majoritthefwomen were multipara.

1.3 Epidemiology

In 2008 there was an estimated worldwide matermatatity ratio of almost 350 000, with an
uncertainty interval ranging from about 300 000-895 (Hogan et al 2010). In Ethiopia
alone 2000 per 100 000 women die every year (Ddi889). The precise extent of fistula is
hard to estimate due to inaccurate reporting, uegerting, and shame, which keep the
women from seeking the help they need. A recemtegpiological survey in rural Ethiopia
found that 0.21% of women 15-49 years of age hdthdrhad obstetric fistula (95% CI 0.12-
0.35), 0.15% were untreated, which correspond$181® women, underscoring the fact that
this problem is huge and neglected (Muleta et 8720Hamlin et al (2002) estimated an
incidence of 8700 fistula cases yearly in Ethiophach gives 3/1000 live births, among the
2.9 million Ethiopian women giving birth every yeaklthough more effort has been directed
through United Nations Population Fund (UNFPA), &mderHealth, International Federation
of Gynaecologists and Obstetricians (FIGO) to battgntion to the fistula problem globally,
still 50-100 000 suffer from fistula every year @aso 2005, Miller et al 2005). Since only a
minority get surgery we can expect a prevalenca tdast 500 000 in need for surgery, and

the worst case, over two million (Waaldijk et aBBJ. A study from UNFPA and
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EngenderHealth (2010), report the fistula incidetacke especially high in nine Sub-Saharan
African countries. Over 35 facilities in Benin, GhaMalawi, Mali, Mozambique, Niger,
Nigeria, Uganda and Zambia were visited duringréogeof six months. Nigeria, Uganda and
Chad had the highest reported incidence with 15800 and 1100 respectively, maternal
deaths per 100 000 live births. The percentag&itég birth attendants was as low as 16 %
in Chad and around 40 % in Nigeria and Uganda. giviss a tragic picture of the situation
we are dealing with in the Sub-Saharan context,camdpartly be explained by AIDS,
malaria, famine, extreme poverty and political atglity. Further, few fistula centres are
available, there is scarcely adequate trainingsamblies, and the affected women have little

knowledge of the existing treatment options.

1.4 The labour

"Labour is part of an ongoing and integrated phiggjiwal process starting at conception and
completed some weeks after the baby is born” (Maettial 2004 p.53). This process
normally ends between week 36 and 42 of gestatesulting in the delivery of the fetus. It is
hard to determine the exact beginning of the lalodler than retrospectively, as this might be
somewhat subjective, although the midwifery créeare regular painful contractions together
with cervical dilation (Mantle et al 2004).

The delivery takes place in three different stagesjt is also helpful to include a period of
prelabour, recognized by a release of enzymeseifirial weeks of pregnancy, allowing

cervical softening prior to delivery (Fosang el 884).

First stage of labour

This stage encompasses both a latent (dilationeoérvix 0-3 cm) and an active phase
(reaching full dilation of the cervix at 10 cm) aisdrecognized as the interval between the
onset of labour and full cervical dilatiohhe latent phase is said to last 6-8 hours in jana
and 4-6 hours in multipara, followed by an actibage with dilation of 1 cm/hour, reaching
full dilation of 10 cm (Arulkuraman et al 2005). i§tstage is established when there are
regular painful contractions and at the same tiffecve descent of the fetus together with
dilation of the cervix. Still, a difference may been amongst primipara and multipara women
regarding the dilation of the cervix and the essduald labour, indicating the difficulty to
assess the true onset of the delivery.

The physiologic mechanisms within the uterus ineaw upward pull on the distal segment

of the uterus and cervix, while simultaneously award pressure of the fetus is exerted.
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This results in an opening of the cervix, allowthg fetus to come through. The uterine
cavity becomes progressively smaller, helping frtio the situation (Mantle et al 2004).

Second stage of labour

The next stage is the interval between full dilatmnd the expulsion of the infant, usually
much shorter than stage one (conventionally wigmrour). The fetus is pushed from the
uterus into the vagina with help from the diaphragmd the abdominal muscles. As a
consequence the pelvic floor distend, the pubolis@ad pubococcygeus are separated and
pushed aside and outward. The bowel is compressktha urethra stretched as the bladder
is pulled upwards above the symphysis pubis. Theissue of the perineum is further
formed into a canal, directed anterior. The peliset tissue need time to stretch efficiently
to allow the passage of the fetus. Although aniefaisny may release some of the stretch and
pressure, there is still a risk of tearing of tb& §ssue during delivery (Arulkumaran et al
2005, Decherney et al 2007, Mantle et al 2004).Math is known regarding the tissue
stretch of these muscles during labour. A studykatmg vaginal birth, using the obturator
internus muscle, piriformis muscle, coccygeal meisahd sacrospinous ligaments attached to
a 3D computer model, concluded that the medialgouf the pubococcygeal muscle is at
greatest risk of injury during the descending fbeead in the %' stage of labour (Lien et al
2004). This model was based on the anatomy extrdicien MR images of a healthy 34 year
old, nulliparous woman. The results were also propaal with foetal head size, i.e. an
increase of the foetal head size by 9 %, wouldease the stretch of the medial part of the
muscle with the same amount. However, this musebarded as a model, as regions of
greater and lesser stretch might be found. It thénsecond stage of labour that the mother is
urged to push, using her abdominal pressure, tegetith the force of the uterine
contractions to expulse the baby. This stage ndyrfests from 30 minutes to 3 hours in
primipara women and 5-30 minutes in multipara worfizecherney et al 2007). A long
duration of the second stage should be avoidethiamight increase the risk of injuries to
the fetus and to the tissue surrounding the vagirehra and the rectum, including maternal
pelvic floor neuropathy (Dannecker et al 2000, Le¢mal 2004, Mantle et al 2004).

Third stage of labour
The last stage of labour is the interval from thfamt is born to the delivery of the placenta,
and is usually the shortest phase. However, theagement during this stage of labour can

directly influence critical maternal outcomes, sastblood loss, the need for manual removal
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of the placenta and vaginal bleeding after delivasyit is during this stage the majority of
deaths occur in developing countries (Arulkuramiaal 005, Decherney et al 2007, Mantle
et al 2004).

The last stage of labour, the puerperium

The process of labour also involves a period dffterplacental delivery, the puerperium, in
which the woman'’s genital tract returns back tma-pregnant state, usually a period lasting
6-8 weeks. There are several physiological fagtorslved in this process, placental hormone
production ceases with a dramatic decline in blevdls progesterone and oestrogen, with a
direct influence on maternal respiration, the aardscular system, digestion and metabolism
(Mantle et al 2004).

1.5 Prolonged and obstructed labour

A normal labour is said to last for about 14-16 tspwhereas prolonged labour is defined as
if the delivering woman is not able to achieve f& saginal delivery within 18 hours of its
onset. Further, if it delays more than 24 hours,ritk of the mother and the child are even
higher. The labour is usually prolonged in thetfatsige, but may be prolonged in the second
stage as well. However, it would be more precisaltoabout a prolonged latent phase and a
prolonged active phase of labour. About 70 % ofddweses of prolonged labour are due to
insufficient uterine contractions. Obstructed labigua more serious condition, requiring
medical assistance, as no descent of the fete®rs glespite of uterine contractions. The
leading causes of obstructed labour are cephaligpdisproportion (CPD), malpresentations,
foetal anomalies and soft tissue lesions. Wheridgil head is physically unable to go
through a normal labour, there is said to be CRid,aadecision should be made whether the
mother should deliver by caesarean section orve havaginal labour, with or without early
induction (Arulkuraman et al 2005, Mantle et al 2ZDQ.ow maternal stature, primiparous
pregnancy and delivery of a male fetus are thotmbe associated factors to develop CPD
(Ampofo et al 1990, Muleta et al 2010). Especialtyger age 16 the immaturity of the pelvic
bones can cause obstructed labour. If the pregnangyeventful, anaemia is treated
adequately, labour starts at term, the infant ceghalic presentation, labour should not be at
increased risk (Treffers et al 2001.) However, dedpaving received adequate antenatal care,
CPD occur unpredicted in labour and be a sourctaflure to progress (Mantle et al 2004).
The tragic outcome may present as foetal- or makel@ath, and a vesico-vaginal fistula
(Arulkuraman et al 2005).
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1.5.1 Underlying mechanisms for development of oledric fistula

The mechanism under which obstetric fistula arigeng vaginal labour, is due to the baby’s
head being pressed against the pelvis, reducinfjotiveof blood to the surrounding soft
tissues of the bladder, vagina and the rectum.eTisesin upward displacement of the bladder,
leaving the anterior vaginal wall, bladder base arathra to be compressed between the head
of the baby and the posterior surface of the syrsighyubis (Hilton 2003, Lewis et al 2006).
The stretch of the tissues may further impair datan, and the combination of reduced
circulation and prolonged stretch increases theaisupture, another mechanism to develop
fistula. If the pressure is relived shortly aftigrere will be no risk of harm, but if the pressure
continues the intervening tissues will become necdue to ischemia. The ischemic area will
separate as a slough, leaving a hole between ¢itheectum and the vagina or the bladder
and the vagina, usually between the third and tdathafter delivery, irrespective of the

mode of delivery (Arulkuraman et al 2005, Hilton03). In some with a small gynaecoid or
flat pelvis, the presence of peroneal palsy, amrynjo the peroneal nerve, may develop as

well (Arulkuraman et al 2005).

The exact location and nature of the fistula causedbstructed labour is largely dependent
on the force and duration of the compression thetis, as well as which stage the labour has
reached. Further, in order to determine the clirdegails of a vesico-vaginal fistula, both size
and localization is important, the relationshiphwitrethral openings, and presence of
inflammation and scar tissue around the fistulad@®jokic 2008, Wall et al 2005). Wall et

al (2005) infer from their study that “labour beaesrobstructed at the pelvic brim and mid-
pelvis rather than at the pelvic outlet” (p.14IA)is indicates damage at a higher level in the
pelvic area, which corresponds with the findingsrrHilton et al (1998) where mid-vaginal,
juxta-cervical (utero-vesical fistula) and largstdilas, involving the whole of the bladder base
between mid-vaginal and cervical, counted for 76f%e total fistula cases reported in their
study. Muleta et al (2010) adds to these resulergvprimiparous had more severe pelvic

lesions that commonly involved the urethra andumgtcompared with multiparous.

1.6 Classification of obstetric fistula

Vesico-vaginal fistula can be subdivided into sieq@omplex, and complicated (Williams
2007). Sims (1998) suggested a classification sy&i@sed upon the relative position of the
fistula: urethro-vaginal fistula, where the fistigaconfined to the urethra, fistula situated at

the neck of the bladder, fistula situated at thaytaf the bladder and utero-vesical fistula,
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where the opening communicates with the body orixef the uterus. Waaldijk (1995)
developed a surgical classification system for etinistfistulas in order to compare surgical
techniques and results, according to their anatalfpicysiological location. Most of the
existing classification systems are only basecheranatomical position of the fistula and not
the surgical implications. Type | fistulas not ifwiag the closing mechanism; type 1l fistulas
involving the closing mechanism; and type Il uredad other exceptional fistulas. Type Il
fistulas are further divided into: (A) without (Suiotal urethra involvement, and (B) with
(sub) total urethra involvement; and (a) withowiraumferential defect, and (b) with a
circumferential defect. The result of closure beesrmrogressively worse from type | through
type 1IBb, as the surgery becomes more difficutt aomplicated. Further, the presence of
incontinence also worsen from type | through tyji] because type | fistulas still has the
closing mechanism intact, whereas in type Il fessuinore of the closing mechanism is partly
or totally lost. The system makes it possible &ssify into the size of the defect, although
this might not report on the damage done, the tlsfemuld rather be based on the actual

tissue loss.

1.6.1 Surgical outcome

Hilton (2003) claims that it is hard to compare lmhed results of treatment as these involve
different lesions and different techniques of repai addition very few patients come for
follow-up as they often have to travel very longtdnces to reach a health facility (Hilton et
al 1998). Several studies report a success rdtghss 90 %, although the cure rate (closure
at first operation) may vary from 60 % to 90 % (Wédlal 2004, Hilton 2003, United Nations
Population Fund 2010). If need of a second or syes® operation the cure rate drops even
further, from 81.2 % to 65 %. "Cure” was in thisidy defined if the patients were
subjectively dry at their last assessment, anadtidollow further surgery within the study
period (1970-1994) (Hilton et al 1998). Furtheeatpts are usually required due to leakage.
However, a successful surgical outcome depends sgearal factors, including, proper
evaluation and counselling, proper time of repaigice of approach and positioning of
patient, choice of instruments and suture maté@atliq et al 2008). The women lucky
enough to have a surgery may occasionally be fumhgaired by vaginal scarring due to the
operation (Ampofo et al 1990). Hilton (2003) repdite overall incidence of stress
incontinence after fistula repair to be 26 %. Vadscarring, urethral loss and a small

capacity bladder will increase this number.
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1.7 Neurological injury in relation to labour

It is probably either by excessive compressiontr@tch, a mechanical damage can cause
injury to the peripheral nerves during vaginallbifBorg et al 2005). Few studies include data
on the amount of pressure needed to cause the imumeand how long the labour must last
for damage to develop (Waaldijk et al 1994), wheiiegs more established at what level the
obstruction must be present to cause the damadgjiiKaal 2002, Lien et al 2005).

The study by Lien et al (2005) investigated thaistm the nerves innervating the levator ani,
urethra and anal sphincter during the second sthgaginal delivery. The relevant data were
imported into the previous published 3D model byy same authors (Lien et al 2004). The
branches relevant to urinary and fecal incontinemeee chosen for this study, including the
inferior rectal nerve branch and the perineal nénaach, which was further divided into the
muscular branch innervating the striated urethhargper, and muscular branch innervating
the external anal sphincter. The remaining pathefperineal nerve, the posterior labial
branch, was also included in the investigatiime authors found a maximum average stretch
of 35 % in the inferior rectal branch, followed &3 % stretch in the anal sphincter, 15 %
stretch in the posterior labia and 13 % stretcdinéurethral sphincter, all greater than what is
said to be tolerated. The nerve strain also ineasth foetal head- and perineal descent,
and the greatest increase in stretch was seee inférior rectal nerve and the anal sphincter.
This may be one of the explanations of the occegei stress urinary incontinence during
pregnancy and puerperium, in addition to heredity the presence of hormonal factors, the
latter often resolving 3 months after delivery, witbe woman’s genital tract returns back to
a non-pregnant state (losif 1981, Mantle et al 20@hooks et al (1986) found the fibre
density in the anal sphincter muscle unchanged gmamen who underwent a caesarean
section, compared to the women delivering vaginalhd among multipara, which had signs
of increased damage compared to primipara. Fudlerery with forceps, increased the risk
of injury to the pudendal nerve, although the doraeof the delivery was an associated factor
for the injury as well. Further research must beduwted to establish the relationship
between stretch and compression injuries, butis@faeasonable explanation of pudendal
nerve damage after vaginal delivery is a combimadiodirect injury to the lumbosacral nerve
trunk inside the pelvis and the traction that osaluring the lengthening of the birth canal.
Mantle et al (2004) supports these findings, agptidendal nerve may be pressurized and
stretched as it traverses the interior of the gedtarting from the sciatic spine, and it is during
the stretching and separation of the pelvic flooisoles, especially during forceps delivery,

the risk of injury to the pudendal nerve is athitghest. Hence, we are still short of
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Randomized Control Studies (RCTs) that manifesttwigashould implement in order to
prevent nerve injury and muscle stretching (Ashttlter et al 2007).

Peripheral nerve injuries may also arise as atre$al hernia from an intervertebral disc,
pressure of the foetal head on the lumbar sacraérteunk near the pelvic brim (figure 4),
causing a further compression onto the peroneakrmra direct compression to the peroneal
nerve behind the fibular head, from prolonged dipngand pushing in the second stage of
labor (Katirji et al 2002, Ramphal et al 2006, Whalet al 1994). The peroneal nerve might
also be pinched at the head of the fibula duegombmen holding their legs while they are in
the squatting position (Borg et al 2005). Jointtcactures may follow neuromuscular damage

or prolonged bed rest after birth and may lead igcular atrophy. Flexion contractures of

the hip and knee are most present (Muleta et al 200lliams 2007).

Figure 4: Showing the pressure of the foetal head on thedmisdicral nerve trunk near the pelvic
brim. Frontal view shown upper left and right, stipeview shown lower centre. From Cleveland
Clinic Foundation (CCF) 2001.

1.7.1 Signs and symptoms related to peripheral neevinjuries
The common peroneal nerve is most likely to beciéie, followed by the deep peroneal

nerve and the superficial peroneal nerve, with@garognosis of healing, and is most likely
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due to entrapment at the head of the fibula, lepthrdecreased ankle dorsiflexion, eversion
and inversion, and sometimes sensory loss at ttsaldoot (Aprile et al 2000, Magee 2002).
An entrapment of the lateral femoral cutaneous@éender the inguinal ligament can also
arise during delivery. It is a purely sensory negigeing no motor loss but may give burning,
pain and numbness on the anterolateral thigh. Eyrtlamage to the femoral nerve (L2-L4)
may occur as a result of prolonged pushing in ex¢réip flexion. This can cause sensory
alterations at the anteromedial aspect of the thighleg. In addition, decreased knee
extension and hip flexion because of damage tgulaglriceps muscle may occur. It may also
limit the patellar reflex (Magee 200RIicDonald 2008). Damage to the femoral nerve can
lead to significant impairment when climbing stauslking and going from sitting to
standing (Borg-Stein 2005).

Damage to the sciatic and the obturator nerveiletylto occur, as they both cross the pelvic
brim where the obstruction often occur (Wall e2@05). The obturator nerve (L2-L4) might,
but seldom, manifest with decreased sensatioreantidial thigh, together with motor loss of
the hip adductor musculature. No reflex change balbbserved. The sciatic nerve (L4-L5,
S1) can give sensory loss at the entire foot arekness of ankle dorsiflexion and inversion,
and sometimes ankle plantarflexion and knee flexioaddition to diminished Achilles

reflex (Magee 2002). Knee extension, dorsalfleXtdnalis anterior and extensor hallucis
longus) and plantar flexion (gastrocnemius) arenllogements and muscles of greatest
diagnostic value (Standring 2008).

Ankle oedema can lead to compression of the tieale as it pass behind the medial
malleolus of the ankle, leading to paraesthesth®tole of the foot and the plantar surface of
the toes. This is often seen during pregnancychmitalso be relevant postpartum due to

impaired circulation, neuromuscular injury and imaty (Mantle et al 2004).

Early detection and treatment of obstetric fistaleare, due to delays in seeking and
receiving adequate help. They may have had thddibr months or years, and is suffering
from anaemia and malnutrition, in addition to tlstula itself. Physiotherapy is crucial in
treatment of neurological injuries and contractwkthe legs, and should be initiated as soon
as possible since delay in surgical treatment ak@ tip to three months in obstetric cases,
due to slouching of the vaginal tissue (Miller E2@05, Thaddeus and Maine1994, Hilton
2003). Physiotherapy is also important in trainifgelvic floor muscles pre operative and in
case of residual incontinence after the fistulawaie. The role of pelvic floor exercises pre

and post operatively has not been evaluated itotigeterm due to lack of follow up, but
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should be implemented in both the pre- and posatpertreatment programs (Williams
2007).

1.7.2 Nerve injuries reported in previous studies

Several reports have been carried out to manifiestrtie extent of neuromuscular injuries in
relation to obstetric fistula, but few have kepsths the main focus of their study. Foot-drop
was reported to be almost 20 % at the Addis Abalsaital in Ethiopia (Arrowsmith et al
1996). Williams (2007) report a 30 % incidence itter unilateral or bilateral foot-drop from
the same hospitalduleta et al (2008) reported no foot drop or coctinees in their study, but
amenorrhea, leg pain and difficulty walking werentiened. However, no physical
examination was carried out, which might resultiminability to detect less obvious
neuromuscular injuries that may occur. A study fiike Addis Ababa Fistula hospital in
Ethiopia reported 1.5 % gait impairment in primg#&95 % confidence interval (Cl) 1.47-
1.53) versus 0.8 % in multipara (95 % CI 0.6-1viere the primipara underwent a
significantly longer labour, had a higher rate tiftsrth and a more extensive fistula
formation. Both groups were equally short of statif2.4 and 153.1 cm, for primipara and
multipara, respectively, an equally low weight 468l&7 kg, and an equally low BMI 19.8
and 19.9 kg/h Age at marriage was also similar. The differecampared with the general
population was seen for height, the fistula groemé of shorter stature, 152.7 versus 156.5
cm. Neuromuscular damage was noted if there wadbwious uni- or bilateral drop-foot or if
more serious impairment of walking ability was rib&¢ admission (Muleta et al 2010).
Ezegwui (2005) found associated morbidities sugheameal skin irritation (41.9 %),

cervical damage and amenorrhea (21.6 %), whiletvas no sign of foot-drop. Increased

s
EH

parity, shorter duration of labour and higher casma was given as a possible explanation of

these findings.

Waaldijk et al (1994) aimed to assess the presehperoneal nerve damage in 947 patients
with vesico-vaginal fistula. For the first half thfe patients hospital records were reviewed for
the presence of any obvious foot drop, which turmgicko be 5.3% and a higher (12.6%) if
she had sought the hospital within two years oftislevery. The second half of patients was
identified as they came for treatment and was askedy history of foot-drop or leg
weakness lasting at least one month after delivigrgse still complaining of weakness at
time of examination were examined for muscle weagkrand foot drop. These patients had
both signs and history of peroneal paralysis i®®4.but only 26.5% had direct signs of
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peroneal paralysis at the time of presentationo Atss group had more peroneal problems if
time from birth was less than two years. Theseltesdicate that patients suffering from
lower leg weakness have a good chance of recovedithin the first two years after the
injury, but these claims need validation (Waaldijkal 1994, Ramphal et al 2006). Still, 13 %
had persistent signs of nerve disruption with peremé loss of motor function. Patients with
both vesico-vaginal and recto-vaginal fistula haat@rsigns of peroneal nerve damage,
indicating greater damage to the pelvic nervesldteral nerve injury, right-sided, were also
shown to occur the most frequent. This highlightsimportance of early recognition in order
to reduce long-term complications such as foot @b general leg weakness, as well as the
need to thoroughly examine these patients fordbsgus neurological injuries that can arise
during child birth. The author did not examine aeysory loss (Waaldijk et al 1994).

Wall et al (2005) states that no studies repomising electromyography to evaluate the

precise neurophysiologic abnormality in fistulaipats.

1.7.3 Neurological injuries in women without obstetc fistula

Over the past years more studies have been cawitad order to establish a relationship
between childbirth and peripheral nerve lesionsnddrand after pregnancy in healthy
women. A study by Katirji et al (2002), using ndlogical and electrodiagnostic evaluation at
L5 level, report of a weak ankle dorsiflexion ané extension whereas milder weakness was
found on eversion and inversion of the ankle. ladsgsous was weakness related to hip
extension, knee flexion and hip abduction, whicdoakcovered rapidlylantar flexion and

the Achilles reflex were normal. All the women haaktructed labour and underwent a
caesarean section. 6 patients were short of statndeone delivered a relatively large baby.
However, 7 cases may not be a sufficient numbea faalid conclusion. The authors believe
the main reason for these injuries and the ramdwery (3-5 month) were due to segmental
demyelination of the nerves supplying the muscwdad sensory fibres of the under-
extremities, rather than axonal damage, althoughdlults suggest some disruption in the
most distal areas. This means, if the myelin-cofexr nerve is damaged, this will lead to

slower or even full stop of nerve transmission.
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1.8 Purpose of the study

Obstetric fistula occurs mainly in less developedntries, as a result of prolonged and
obstructed labour. Peroneal nerve damage, withdigd, is well documented in relation to
obstructed labour and obstetric fistula, but a ni@tailed neuromuscular assessment to
uncover less obvious nerve injuries are missinghdénpresent study we therefore focused on
a functional neuromuscular assessment of the lewteemities in women with obstetric

fistula.

1.9 Hypothesis:
Neuromuscular deficits of the lower extremities do&y that of foot-drop are present in

women with obstetric fistula.

1.10 Objectives
1.10.1 General objective:
» To identify the neuromuscular deficits of the lovegtremities in patients with

verified obstetric fistula

1.10.2 Specific objectives
» To assess passive range of motion, sensitivitiexe$ and strength of the under-
extremities of fistula patients
» To assess basic mobility and walking pattern in womwith obstetric fistula
» To compare the extent of neuromuscular damage memowith obstetric fistula with

a control group.
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2. METHODOLOGY

2.1 Study design

A case-control study to assess neuromuscular teficivomen with obstetric fistula and to

compare the extent of these deficits with womeanaling the hospital for other (benign)

conditions.

To be able to answer the objectives of this sthéyfollowing procedures were performed:
» Questionnaire

Height

Weight

Upper arm, leg and ankle circumference

Manual muscle testing of lower extremities (MMT)

Passive range of motion of lower extremities (PROM)

Patellar, achilles and babinski reflex

Time up and go (TUG)

Sensibility

YV V.V V V V V V

2.2 Procedure and time frame

The study was conducted at Gondar University Haggdondar, Amhara region, Ethiopia.
The cases were recruited from the gynaecologiced wehere they were admitted. The
control group was planned to be recruited among eoaitending the out patient department
of the hospital. As these women turned out to g few, recruitment included all wards and
out patient departments in the hospital area. thtaa fistula cases were recruited from three

different preoperative waiting areas, Dangla, Aaled Woreta, in the same region. (Figure 5)
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Figure 5: Map of regions and zones in Ethiopia, showing Aralregion in green.
From www. http://commons.wikimedia.org/wiki/Filehigipia_zone_region.jpg. [Cited 10.April 2011]

2.3 Inclusion and exclusion criteria
Inclusion criteria for the study group:
» Reproductive age (15-49 years).
» Delivery that caused the fistula >3 months and eary
» Cases who delivered <3 months and >7 years, anel @iy years and >49 years,

required matched controls +-5 years.

Inclusion criteria for controls:
» Reproductive age (15-49 years).
» Last delivery >3 months and <7 years

» Coming from a rural area

-21 -



» Controls were included to match specifically cades had a delivery (<3 months and
>7 years) and were (<15 years and >49 years) ‘afsye

Exclusion criteria for the study group:
» None (those <15 and >49 years of age were incluaédeeded specifically matched
controls)

Exclusion criteria for the control group:
» Obstetric fistula
» Central neurological injuries (acquired and conggmmnvolving the brain or spinal
cord) following injury or organic disease.
» After trauma:
» Fracture of lower extremities
e Severe injury to musculature, tendon, ligamenbufdr extremities

» After surgery of lower extremities

A\

Prolonged and obstructed labour

» Malignancy

2.4 Planning and establishing the study

The physical examination was carried out by me agtbistance of one local health educated
person. The assistant was involved in translatidhequestionnaire and translation of
instructions (from English to Amharic) needed foe £xamination, after a short brief prior to
each examination. The assistant was also involvethibilization of extremities when
needed. One additional physiotherapist was invoingte study, to continue the examination
after | left. He was not involved in the study frdihe start, but received and followed the
examination procedure. The results from his pmetS) were calculated for intra-tester
reliability (appendix 11). Each examination toolpegpximately 60 minutes, in addition to 5

minutes preparation and 20-30 minutes after work.

Planning of the study involved selection of difigréools and methods, in addition to a pilot
study carried out during the preparation of thidfigork. The pilot was performed in a
relevant age group (7 healthy females aged 28-&8y,ewith all tests and measurements
done with 2 days in between, by the same examiladopsen 2009, Jakobsen et al 2009). All
anthropometrical measurements and passive rangetafn were recorded and used to check
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for intra-tester reliability. Anthropometrical memements are shown in appendix 11. Height
was practiced in the pilot using KaWe height measient tool (to be placed on the wall), but
due to practical reasons this was not used inttldysTherefore training of height was done
during the study by measuring the first 10 partiaigs height twice with a non-stretch tape
measure and recording the highest measure (app&hygiin addition, weight scale
consistency was performed prior to and during thlel\fvork, and compared against another
weight scale. When testing for intra-tester relighbon passive range of motion, each
measurement was done 3 times on each practicesessslight increase in passive range of
motion was seen as a normal response to the strgtohthe soft tissue and not as an error in
the measurement (Clarkson 2000).

Based upon the training and available informateéostandardised examination protocol was

made and will be presented in the following section

2.5 Physical examination
2.5.1 Questionnaire

Attached in appendix 7.

2.5.2 Anthropometric measurements

Heightwas measured, for practical reasons, using a tmettis tape measure. The participants
were asked to stand up straight, remove heavyedathd shoes. A correct position was
obtained when both heels were flat on the grountagainst the wall, the knees were
extended, and the calf, buttock, shoulder and #o& bf the head, were toughing the wall
(figure 6). The participants were asked to makmallsnodding movement of the head and
keep the position while being measured. The measnewas performed by setting a mark
on the wall in a 90 degrees angle to the highesit jpm the head. The measurement was
recorded to the nearest 0.1 cm (Berkley et al 2G@®ta et al 2009).
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Figure 6. Showing height measurement with correct posaiot without heavy clothing.
Used with permission.

Weight to measure weight, a digital weight sc8kdter streamline electronic scale 904¢as
used. The participants were asked to remove hdathirng and shoes. They were told to
stand up straight with no support, with the armsgiag freely and look straight forward.
The weight was measured twice, recording the highese.

The weight scale was placed on an even surfaceniBasurement was recorded to the
nearest 0.1 cm (Berkley et al 2005, Geeta et @200

—

Figure 7. Weight measurement with correct position and euttheavy clothing. Used with
permission.
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Upper arm circumferenceéo measure upper arm circumference, a non-straphreasure
was used. The participant was sitting on the exatiun table, with no clothes covering the
part to be measured. The starting point for thesmesment was just below the axilla, in a
horizontal direction around the upper arm. The t@easure was not tightened but registered
where the tape measurement ends met. Both armswesrsured. The measurement was
recorded to the nearest 0.1 cm (Berkley et al 2G@=®ta et al 2009).

Figure 8. Measurement of upper arm circumference. Corresitpn. Used with permission.

Leg circumferencelo measure leg circumference a non-stretch ta@sune was used. The
participant was sitting on the examination tablghwoth legs hanging freely and both knees
flexed, with no clothes covering the part to be suead. The most distal point of the patella
was marked with a pen. A new mark was put 15 craldis the distal point at the patella.
This was the point of measurement. The tape meagsaeot tightened but registered where
the tape measurement ends met. Both legs were mda3ine measurement was recorded to
the nearest 0.1 cm (Berkley et al 2005, Geeta 20@9).
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Figure 9. Measurment of leg circumference. Correct positldsed with permission.

Ankle circumferencefo measure ankle circumference a non-stretch tagzesuane was used.
The participant was sitting on the examinationgahlith both legs hanging freely and both
knees flexed, with no clothes covering the patiganeasured. The medial and lateral
malleoli was localised and the circumference waasueed just proximal to these landmarks.
The tape measure was not tightened but registenedevthe tape measurement ends met.
Both legs were measured. The measurement was eectwdhe nearest 0.1 cm (Berkley et al
2005, Geeta et al 2009).

Figure 10. Showing ankle circumference. Correct positioned)&ith permission.
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2.5.3 Manual muscle testing (MMT)

To test muscle strength, Kendall's 5-point scale wsed. The scale ranges from 0-5 and is
interpreted as: "grade 0: no contraction felt @rsn the muscle, grade 1: tendon becomes
prominent or feeble contraction felt in the muselth no visible movement, grade 2:
movement through complete range of motion for tluscte being tested in gravity related
position, grade 3: holds test position in the aatigy position (no pressure added), grade 4.
holds test position against moderate pressureciauligravity position, grade 5: holds test
position against strong pressure in the antigrgwitsition” (Kendall et al 2005 p.23).

In the present study, MMT was performed includi@gdifferent positions involving the hip,
knee and ankle. The participants were asked toverheavy clothing. Position of the
participant, stabilization, point of force of rdsisce and instructions were standardised for
each muscle group and modified from Kendall etC1®2 See appendix 6 with descriptions

and pictures of test positions.

2.5.4 Passive range of motion (PROM)

Passive range of motion was measured using a lbigrsal goniometer with one degree
precision and an arm length of 30 cm (figure 11joTmeasurements were done and the
highest value recorded to the closest 1 degreelfdak 2009). 8 joints around the hip, knee
and ankle were measured. Hyperextension of the &nédiip was measured, and registered
as a negative degree. The starting position fan ea&asurement was is in the anatomical
position (Norkin et al 2009). The participants wasked to remove heavy clothing and shoes
and were provided underwear if needed. Positigradicipant, stabilization of proximal
joints and goniometer alignment were standardisedlf measurements and modified from
Jakobsen et al 2010a, Jakobsen 2010b, Hvidovreitdb20309a, Hvidovre Hospital 2009b,
Norkin et al 2009 (appendix 6).
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Figure 11: A universal goniometer. From
http://lwww.vaktrommet.no/index.php?nr=90&case=4&RE5&idkategori=121&kat_name=Goniom
eter&prod_name=Prestige medical (USA) goniometeag&sbow= [Cited 10.May 2011].

2.5.5 Reflex testing

Testing of the muscle-stretch reflex was done fonifes and patella (Reese 1999). Babinski
was included as an additional test as well. Allesa$s were noticed as visible or absent,
irrespective of the degree of activity, and thehndtstandardised (Butler 2000, Kendall et al
2005, Magee 2002).

Achilles reflexwas tested with the participant in the prone positvith a firm pillow under

the ankle or the foot supported against the exammitégh, adding a small pressure in the
direction of dorsalflexion. The leg to be testedudd be as relaxed as possible. Alternatively
tested in the supine position. A tap was givenatliyeo the Achilles tendon with a reflex
hammer. The procedure was repeated about 5 tinmesdbntraction (plantar flexion) was
observed. If plantarflexion of the ankle was obsdr{irrespective of any grade) this was
recorded as visible. The participants were asketbte their eyes or look in another
direction. Both legs were tested.

Patellar reflexwas tested with the participant sitting with knéeged and the legs hanging
freely. Alternatively in the supine position witbgported knees in the flexed position. The
patellar tendon was localised just distal to thelfmand a tap was given directly with a

reflex hammer. The procedure was repeated 5 tifmesdontraction (knee extension) was

observed. If knee extension was observed (irresbgiof any grade) this was recorded as
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visible. The participants were asked to close tegas or look in another direction. Both legs

were tested.

Babiniski reflexwas tested with the participants in the supinetrsiThe edge of the reflex
hammer was used to facilitate the reflex by strgkhre sole of the foot. A non-pathological
reaction was registered as negative when curlingefoes was observed. If extension of the
toes were seen this was recorded as a positiveBiat$t feet were tested once or more than

once if necessary.

2.5.6 Time up and go (TUG)

Walking was assessed using Time Up and Go (Pods&all 1991), by instructing the
participants taise from a chair (with a seat height of approxeha46 cm), walk three

meters, turn, walk back to the chair and sit dogaira The test was performed 3 times,

where time was recorded th& 2nd & time and the average of these was calculated. The
participants were told to use their walking aicanfy, and their regular shoes, and were told to
remove heavy clothing before starting the tesaddition to time, surface, heel height and if
they had a walking aid was noted. A test proceda® standardisealccording to Botolfsen

et al (2010), Hvidovre Hospital (2002), Kristensgral (2009), Sletvold (1996). (Appendix

9).

2.5.7 Sensibility

Sensibility was assessed using a sensation réter participant was prevented from
watching the test, while a light stimulus was giwenboth legs following the dermatomes,
starting at the proximal thigh, moving downwardshe toes. An area of reference on the
participants skin was used. The participant was@sgkshe felt a difference from left to right
leg. A standardized dermatome map was used asreggia and all sensory deficits were
recorded directly. (Appendix 8).

2.5.8 Additional information from hospital records
» What kind of fistula?
» Repaired fistula? Yes/No

» Residual incontinence problems after repair? Yes/No
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2.6 Statistics

Power calculation: a total of 101 cases were catedlbased on the assumption that incidence
of neuromuscular deficits in obstetric fistula pats is 10 %, incidence in controls is 1 %,

with the power of 80 % and 95 % CI. Ratio of cgsesscontrol is 1. Power calculation is

shown below.

N=((z1+z2)"2 x 2p(1-p)/(p1-p2)/(p1l-p2)"2)) x (C ¥ (BC)
N=((1.96+0.84)"2 x 2 0.055 (1-0.055)/ (0.10-0.03)"2(0.10-0.01)"2=100.61
N=100.6 ~101 cases

The graphical and statistical analysis was perfarmeSPSS (Statistical Package for the
Social Sciences) version 16.0. The statistical oathused were independent sample t-test for
normally distributed continuous variables, Mann-¥ay U test for not normally distributed
continuous data and Chi-square test for indeperedenas used for categorical variables.
Two-way between groups ANOVA was used to furtheeas the relationship between the
variables. P-values were 2-tailed and considemgdsstally significant if < 0.05. A

difference was also considered significant if tbe&2® Cl of the mean did not overlap in the

two dataset or did not include the null in the &ndataset.

2.6.1 Descriptive statistics

To dataset were made, one for cases and one footrDescriptive statistics for categorical
values were made using frequencies. The total nuofh@articipants (frequencies) and the
number of participants and percentages in therdifitesubgroups were looked at separately.
For continuous variables, descriptive statisticseenesed. Mean, median, minimum,
maximum and standard deviation (SD) were obtaibéd.trimmed mean was compared
against the original mean, to ensure that extrazoees did not have a strong influence on the
mean. 95 % CI of the mean were obtained and comsidstatistically significant if the
intervals in the two groups did not overlap. Furttiee descriptive analysis was visually
analyzed to check if the continuous data were nbyrdestributed, using histogram and
normal Q-Q plot. Kolmogorov-Smirnov statistics wesed for the same purpose and
considered normally distributed if the result fréms statistics was non-significant (>0.05).

To test for outliers, box plot was used, and thieege numbers were recognized by their ID.
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In the present study, none of the outliers affethed % trimmed mean, and all data were
included in further analyses.

2.6.2 Independent sample t-test

To be able to compare the two groups in relatiothéomean score of passive range of
motion, independent sample t-test was used, ifltbteibution of the scores were normal. T-
tests were also performed on circumference measntsnand characteristics of the fistula
cases. Time since labour was not normally distebuand therefore Mann-Whitney U test

was used.

2.6.3 Chi-square test for independence

To compare the groups related to strength, painreftekes Chi-square test for independence
was used. Chi-square test was also used for paingi-multipara fistula cases. The test makes
it possible to compare the frequencies or propostiaf scores that fall in the different groups.
The test will be presented as a cross tabulatiah, strength scores classified to the
categories in each variable. In order to meet fsemptions that at least 80 % of the cells
should have expected frequencies of 5 or moresttieagth scores, ranging from 0-5, were
merged into “full strength”, representing gradeBd “less than full strength”, representing

all scores below grade 5. Self-reported walkindjalifties were also analysed using the same
statistics. Observer variation was used as coflagér factor) variable. Strength of the

association is presented as phi (0.1=small effe8medium effect, 0.5=large effect).

2.6.4 Two-way between groups ANOVA

A two-way between groups ANOVA was performed tad iesme since labor had an impact
on passive hip extension and passive knee extemsiost often associated with decreased
mobility. Further, post hoc test with Tukey HongSlignificant Difference (HSD) test was
performed to see where the mean difference betéeetwo groups was significant.

Observer was analysed as a factor to control fégrénces in measurement performance.

2.7 Ethical clearance

This study was approved by the Regional Committeesedical and Health Research
Ethics (REK-Vest) (appendix 1) and Ethical reviemald of University of Gondar, Ethiopia
(appendix 2). As it turned out, we had to sampiesautside the hospital area through an

organization called Intrahealth, and obtain ethat@rance for that as well (appendix 3).
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All participants either signed or used fingerphefore voluntary participation in this study
(Appendix 4 and 5).

Since we wanted to know the situation of the festpdirticipants both prior to and after the
examination it was hard to give the participantsrgimity, but anonymity was implemented
for the data set once the data collection was ceragland for future analysis and publication
of results by substituting names with identificatimumbers. The names and corresponding
identification numbers were stored separately,roexdernal hard disk (locked), while only
the identification numbers were used during thdyasma(Research methods knowledge base
2006). The Norwegian regulation requires that ttne file to be destroyed within 5 years of

the study completion.
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3. RESULTS

In this section group characteristics and resdlta@asurements will be presented. However,
although skin sensory test was part of the protatwalas not included in the analyses. During
the initial part of the study it turned out thatdmage and cultural differences were major
obstacles towards completion within time frames tredskin test was abandoned.

Another test, Time up and go (TUG), was carriediott participants only, and not sufficient
for statistical analysis. The reason was thatekestwere carried out in various examination
rooms, most of them with insufficient space forrgang out this particular test.

Another important change was the fact that therobgtoup could not be recruited from
women attending the gynaecology unit as plannedy T¥ere too few. The decision was
made to recruit participants from other departmehtie hospital, which may not be ideal.

3.1 Group characteristics

151 participants were included in the study, 5sas1d 100 controls. Delays in hospital
development schedule and time constrains of theilMiPbject were causes for the lacking
numbers. Group characteristics are presented weimgmedian, SD, minimum, maximum

and 95 % CI of the mean for fistula cases in tdldad controls in table 2.

Table 1: Group characteristics for fistula cases preseniddmean, median, SD, minimum,
maximum, 95 % CI. N=51

Mean Median SD Min Max 95 % CI

Age (years) 30 27 1156 15 63 6.79,33.3
Duration of labour (days) 3 3 1.803 0.18 2.28, 3.30*
Weight (kg)t 445 436 729  30.7 64.8 42.4, 46.5*
Height (cm) 150.8 1495 7.58 132.5 172 148.6, 152.9*
BMI (ka/m”"2) t 19 19 2.4 13 25 8.3, 19.69

t N=50

* Significantly different compared with controls
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Table 2: Group characteristics for control group presemtgd mean, median, SD, minimum,
maximum, 95 % CI. N=100

Mean Median SD Min Max 95 % ClI

Age (years) 32 30 8.08 20 65 .13033.31
Duration of labour (days) 0.5 0.23 0831.10 5 0.348, 0.686*
Weight (kg) 48.7  48.1 8.22  29.8 725 47.1,50.3*
Height (cm) 156.7 156 5.58 140.7 173 155.6, 157.8*
BMI (ka/m”2) 19.31 19 3.26 12 31 18.7,19.9

* Significantly different compared with controls

As seen from table 1 and 2, mean age for the womibrfistula was 30 years, and for
controls 32 years, ranging from 15-63 years an@2§ears, respectively. Time since labour
was not normally distributed and therefore analyssdg Man Whitney U to show no
difference between the groups (p 0.396). Howewer groups were different in mean days of
labour, weight and height, but not BMI (Table 1-2).

Table 3: Group characteristics presented for fistula caselscontrols for community, place
of delivery, mode of delivery, sex of neonate ardmatal outcome using Chi-square test for

independent observations presented with frequgrergentage (%) and p-values. Dataset is

complete.

Fistula cases n=51 Control group n=100 P-vau
Community 0.643
Rural 50 (98) 95 (95)
Urban 1(2) 5(5)
Place of delivery 0.001
Hospital 31 (60.8) 30 (30)
Home 20 (39.2) 70 (70)
Mode of delivery 0.001
Vaginal 38 (74.5) 95 (95)
Abdominal 13 (25.5) 5 (5)
Parity 0.000
Primipara (1) 25 (49) 19 (19)
Multipara (>1) 26 (51) 81 (81)
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Sex of neonate 0.000

Male 24 (47.1) 53 (53)

Female 10 (19.6) 46 (46)

Unknown 17 (33.3) 1(1)

Neonatal outcome 0.000
Live birtht 11 (22) 97 (97)

Stillbirth 39 (78) 3(3)

T 2 fistula cases reported early neonatal deatlatdef a live-born baby within the first

seven days of life

Table 3 shows differences between the two groupgdame of delivery, mode of delivery, sex
of neonate and neonatal outcome. There is stiff@rence between case and control group if
the unknown neonates fall into the male group [©938. but is no different if it falls into the

female group p=0.604.

3.1.1 Primi- and multipara fistula cases

Current age for primipara was different from mudtip as expected, 24 years versus 35 years,
respectively (95 % CI -16.7,-5.2). Age at injuridglivery was also different where primipara
were 19 years, versus multipara who were 28 y&&r84q Cl -12.3,-5.6). The majority of
fistulas were vesico-vaginal fistula 86 %, rect@iwnal fistula 6 % and urethro-vaginal fistula

8 %. Of these 12 were examined after fistula syrgeith a mean 12.8 months since the
operation, ranging from 1-60 months (5 years). &8 % of the 33 cases from which we
have data, complained of residual incontinenceoofeskind, the same as for the cases we

examined post operatively.

Table 4 Mode of delivery and sex of neonate for primi- amaltipara fistula cases presented

with Chi-square test for independence showing pitogpg percentage (%) and p-values. Data

is complete

Primipara n=25 Multipara n=26 P-value
Mode of delivery 1.0
Vaginal 19 (76) 19 (73.1)
Abdominal 6 (24) 7 (26.9)
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Sex of neonate 0.025

Male 16 (64) 8 (30.8)
Female 5 (20) 5(19.2)
Unknown 4 (16) 13 (50)

Table 4 shows that there was a difference betweaengara delivering a male neonate versus
the multipara. There was still a difference if timknown neonates were distributed to the

female group p= 0.036, but not if distributed te thale group p=1.0.

3.2 Hypothesis.

Neuromuscular deficits of the lower extremitiesdrelythat of foot-drop are present in

women with obstetric fistula.

Table 5. Pain in the legs after birth for cases and cdésieing Chi-square test for
independent data. Presented with frequency ane@ipirge (%). Non-overlapping 95% CI of

the means indicate a significant difference. Ddtesseomplete.

Fistula cases n=51 95 %ClI Control group n=100 9% ClI
Pain legs
Yes 10 (19.6) 8.6, 30.6 7 (7) 2,12
No 41 (80.4) 69.4,91.4 93 (93) 88, 98

Results of the question whether there was paihandgs in the period after the index birth

are presented in Table 5.

Table 6. Ankle, leg and upper arm circumference measuresresented for fistula cases
and controls analysed using Chi-square test farpeddent groups and presented with mean,

SD and 95% CI of the difference. Dataset was cotaple
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Fistula cases n=51 Control group n=100 95 %C

Arm circumference

Left 25 (2.7) 25.9 (3.6) 9D.1

Right 25.1(2.8) 26.3 (3.6) -2.3,-0.01*
Leg circumference

Left 27.3 (2.8) 28.3 (3.1) -2,0.0

Right 27.6 (2.8) 28.5(2.9) -1.8,0.1
Ankle circumference

Left 20.3 (2.5) 19.7 (1.5) -0.1, 1.3
Right 20.5 (2.5) 19.7 (1.5) -0.03,1.5
*Significant

Right upper arm circumference was marginally largehe control group (Table 6).

Table 7.Self-reported walking difficulties and difficultiegith daily activities (ADL) for
fistula cases and control group before and aftédluinth and at present. Chi-square test for
independent observations was used to test diffeseacd the results are presented with

frequency, percentage (%) and p-value. Datasetwaplete.

Fistula cases n=51 Control group n=100 P-vadu
Difficulties walking
Past 0 (0) 4 (4) 0.362
After delivery 17 (33.3) 0 (0) 0.000
Present 14 (27.5)t 20 (20)tt 406

Difficulties with ADL*
Past 1(2) 3(3) 1.0
Present 10 (19.6) 22 (22) .89

T 4 participants reported that difficulties walkihgd healed spontaneously

t1 Of the 20 controls none were related to thedthith. 4 of these were past difficulties.
*Difficulties of daily activities involved cookinglganing, working, taking care of the family

etc, and were registered as yes if the probleme wedated to walking difficulties.
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Table 7 shows that 1/3 of the fistula cases hdatdifies walking after the delivery. 4 fistula
cases said that their problems had healed sponisiyewhereas 13 still had problems with
walking. In the control group, 16 had developedrtheblems in resent time and were not
related to the delivery, but due to gynaecological obstetric problems (n=11) and mild
weakness of unknown causes (n=9). A fistula cagerted the same, which was due to leg
pain. Gynaecological and obstetric problems wese tile cause for the 4 controls that
complained of walking difficulties before the dediy. There was no difference concerning

difficulties in ADL between the groups.

Table 8.Passive range of motion presented for fistulasaseé control group using
independent sample t-test. N, mean of degreesgh awint excursion and 95 % CI of the
difference between cases and controls are shovem iBdividual is presented with left and
right joint, therefore numbers are 102 in 51 figtohses and 200 in 100 controls. Mean and

median of degrees, SD, minimum, maximum and 95 %f@e difference are presented in

appendix 10.

N __Fistula cases N Control group 95 % CI
Hip
Medial rotation 102  41.87 200 41.74 5;1.8
Lateral rotation 102 37.28 197 36.18 -42,2.46
Flexion 102 112.20 198 113.17 -33,1
Extension # 94 -14.94 137 -12.88 -35
Abduction 99 29.12 186 23.96 2.8*7.
Adduction 102 2355 190 24.34 -24@, .
Knee
Flexion 102 147.06 198 153.76 -9368*
Extension # 102 -4.43 198 -7.19 4.67
Ankle
Dorsalflexion 102 21.70 198 26.35 4;62.8*
Plantarflexion 102 49.05 198 54.31 4:-73.0*

# Hyperextension

* Significant
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The results show a difference with increased padsiy extension and hip abduction, and
decreased passive knee flexion, knee extensiote doksal flexion and ankle plantar flexion
(table 8).

Two-way-between groups ANOVA was performed to $eienie since labour was
determinant for passive range of motion. Passielaxtension and passive hip extension
were set as dependant continuous variables, ctadrar observer. Time since labour

influenced neither passive hip extension nor padssnee extension (not presented in table).

Table 9. Manual muscle testing presented for fistula caseiscontrol group using Chi-square
test for independence with Yates Continuity Cotrefa N, frequency, percentage (%) and p-
values are shown. Each individual is presented l@fttand right together, therefore numbers
are 102 in 51 fistula cases and 200 in 100 contéxades (Grd) were 0-5, 5 signifying full
strength and <5 signifying all scores less thahsiuéngth.

Fistulaszs Control group “\Rlue
N Grd 5 Grd <5 N Grd 5 Grd <5

Hip

Medial rotation 102 40(39.2) 62(60.8)198 66 (33.3) 132(66.7) .378
Lateral rotation 102 35(34.3) 67(65.7)198 43 (21.7) 155(78.3) .027*
Flexion 102 37(36.3) 65(63.7) 20068 (34) 132 (66) 791
Extension 84 17 (20.2) 67 (79.8) 113 (4.4) 108 (95.6) .01*
Abduction 102 29(28.4) 73(71.6) 19847 (23.7) 151(76.3) .456
Adduction 100 16 (16) 84 (84) 19531 (15.9) 164 (84.1) 1.0
Knee

Flexion 102 26 (25.5) 76(74.5) 19629 (14.8) 167 (85.2) .036*
Extension 102 59 (57.8) 43(42.2) 20@16 (58) 84 (42) 1.0
Ankle

Dorsalflexion 101 76 (76) 24 (24) 981 167 (84.3) 31 (15.7) .111
Inversion 100 56 (56) 44 (44) 198122 (61.6) 76 (38.4) .419
Eversion 100 63 (63) 37 (37) 198126 (63.6) 72(36.4) 1.0

Risingontiptoe 102 42(82.4) 9(17.6) 182 80(87.9)  11(12.1) .508

* Significant
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There is a difference in strength of hip extensmw+(.001, phi 0.248. Observer variation
moderated this finding, p=1.0, phi=0.793. A diffece was also found in strength lateral
rotation, p=0.027, phi 0.136. Observer variatiorderated this finding as well p=0.869, phi
0.741. Knee flexion was also different, p=0.036=ptL31. Knee flexion was tested in two
different positions: with gravity and against gtsvilThe same percentage of controls were
tested in either position and graded equally, weemnly 8 fistula cases were tested with
gravity, 1 of these graded full strength. The sp@eentage of fistula cases and controls were
tested with gravity. The results from this test same out non different, and could most
likely be due to the low power. Observer variatioaderated the difference further, p=1.0,
phi=0.852. There is a tendency of weaker anklsaldlexion and inversion. Ankle
measurements were most precise and did not haigeimact on the p-value listed in table
9.

There is no difference between cases and contoolsecning reflexes (table 10).
Table 10.Reflexes presented for fistula cases and contoalgusing Chi-square test for

independent observations to test differences. fermoy percentage (%) and p-values are

shown.

Fistula cases n=51 Control group n=100 P-value

Patella (visible response)

Left 50 (98) 95 (95) 0.643
Right 48 (94.1) 95 (95) 1.0
Achilles (visible response)

Left 48 (94.1) 83 (83.8) 0.125
Right 49 (96.1) 85 (85.9) 0.101
Babinski (negative) t1*

Left 51 (100) 96 (99) 1.0
Right 50 (98) 95 (97.9) 1.0

T Achilles left/right n=99
t1 Babinski left/right n=97
* Negative=non pathologic
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4. DISCUSSION

In this chapter we will present the main findingshe study and relate these to existing
literature. We will then discuss details of theutessand methods, indicate some

recommendations for the future and a conclusion.

4.1 Main findings

Self-reported pain and walking difficulties are goon (1/3) in the period following the

index childbirth in women with obstetric fistulat fhe time of admission for fistula repair
(median 3 years) these problems seem largely te tiared spontaneously. Although we did
not find drop foot at this stage, 2 women had nesp@ dorsal ankle flexion and some
marginal differences in musculoskeletal performacmmpared with the control group may
indicate adaptive adjustments following the injofychildbirth. The study suggests that some
degree of neuromuscular injuries to the lower lfioniction may exist after the disastrous
childbirth but that healing and adaptation improthescondition in the following years
leaving the majority with mild or no sequel but hva slightly different pattern of function.

4.2 Significance of the results

Our hypothesis was based on the assumption thabvmescular deficits of the lower
extremities beyond that of foot-drop are presemtamen with obstetric fistula. Why we
were not able to show this in greater clarity mayde to several reasons, one being that
such birth related neuromuscular injuries tendu@ spontaneously with time. Existing
studies supports this (Katirji et al 2002, Waaldijkal 1994). A damaged neuron may not
have been severed, and the possibility for neun@talvery is maintained for the following
months and years, earliest for the proximal posgiohthe limb and latest for the ankle and
foot function. The fact that we found a tendencyedreased strength in ankle dorsal flexion
and inversion could be due to that. In the same Methe information given by some of the
women; their walking ability had recovered. Walkuhfficulties interfered with ADL equally
between the groups but constituted 1/5 of the @pénts. This could be interpreted that the
walking problems were minor since it was not diéfgrfrom the controls. However, it could
equally well be the opposite. Patients searchifg imethe hospital are expected to have
problems affecting their daily life. One could tefare say that daily activity in fistula

patients was affected at the same level as patdiéswise attending the hospital.
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This brings us to another possible reason why mausgular problems did not stand out, the
composition of the control group. This group wasuéed from various wards of the hospital
and clearly not the average of the background @tjom. Pain and reduced physical capacity
reflected in the tests performed by a physiothstapould be expected to be present in
patients of a hospital (even when the conditionstrmbviously associated with physical
impairments were excluded). Thus the results may well be biased towards

underestimating the disability of women with obstefistula.

On the other hand side, there is also a possilafitgcall bias as the study group tends to
remember more details in relation to the deliviiat taused the fistula than those having had
a favourable outcome. Another aspect is the limoitaih recall, as some cases had their

delivery 34 years back, but this would most likieéyof little influence.

Our study included a number of tests. The highemtiimber of questions put forward, the
more likely it is that some of them will come outhlwsignificant results purely by chance. In
this study we used 95% CI or p-value of 0.05, whmetans a 5 % likelihood of a significant
result produced by chance. One possible examplédvioeuthat we found the study group to
be stronger in lateral rotation, hip extension lanele flexion, but with a low effect, possibly
by chance, as we were examining several other pdessnas well. It appeared that when
adding observer variation as a control factor titeerences became non-significant. We
believe, however, that the latter result may hawalzer explanation. Since we only were
controlling for observer variation in the fistuleogp (one of the observers had not examined
members of the control group), makes the statistiesewhat difficult to interpret. Judged
from previous repeatability studies we would ngbeot this much of a variation, and suggest
that the non-significant results could be due torel@sed power in the subgroup instead of an
observer biagCuthberth et al 2007, Frese et al 1986, Jain 2006).

Knee flexion was also tested in two different posis, with gravity and against gravity.
Adding gravity related positions as a factor in @malysis decreased the power in the
subgroups, a reasonable explanation of a non-gigniffinding. By examining muscle
groups instead of individual muscles we might thim&t well functioning muscles would
compensate for the loss of others, and leave usamitinability to detect the detailed change

in functional profile However, muscles contributing to knee extensiokleadorsal flexion
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and ankle plantar flexion, comes with the greadesgnostic value (Standring 2008). Ankle
dorsal flexion and inversion were also the testh V@ast variation among testers. Since more
fistula cases reported of painwibuld be relevant to suspect that pain could plaigaificant
part in testing of the ankle, interfering with thigility to produce enough force when tested
(Cuthbert et al 200Rider et al 2010).

We found increased passive hip extension togetitarpassive hip abduction in the study
group. The minimum values in hip extension wereaahsimilar in both groups, and the
mean difference small, indicating that this woutdl@ably be of little clinical relevance.
Although the fistula cases had greater passivabduction, we could not exclude the
possibility that the low values seen in the groogsld be due to other factors. A valid
suggestion for less abduction in the control graapld be cultural aspects. There is a high
threshold for a decent woman to spread her legseicthiopian society in general, and this
would also be reflected in the situation when beidmitted to the hospital for some
infirmary other than obstetric or gynaecologicall &eing asked to spread her legs for an
examination not related to her disease. The inflaef age on passive range of motion is
known, but since age was one of the matching @iterthis study, the age related effect was
cancelled ou(Jevsevar et al 1998)strosky et al 1994, Roach et al 199yrther, we found
less mobility in knee flexion and extension andlamorsal and plantar flexion. It is plausible
that restricted mobility would follow neuromuscuigjuries and be further augmented if the
women were not able to move around (Williams 206i0wever, we were not able to
demonstrate any of thik the present study the women were able to athedsospital by
themselves, representing a relatively healthy grah that a possible selection bias of

having left the most severe cases at home.

Since the changes we describe are rather subie iha risk of not detecting them because
of lack of power (we managed to recruit only hdltre planned group) and the nature of the
background population (patients in the hospitalkeexgd to have diseases that might interfere
with neuromuscular performance). Never the less,dases had complete loss of passive
dorsal flexion in their ankles, one of them botklas affected, which would be unusual in the
general background population used to physicalijateding labour and walking as their
main mean of transportation. Controlling for obsem the analysis of passive hip- and knee

extension did not alter the results, which wasna With previous studies showing high inter-
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observer agreement (Brosseau 2000, Elveru et &, I28obsen et al 2009, Rothstein et al
1983, Watkins et al 1991).

We also found that the fistula patients had a nmattyi smaller upper arm circumference on
the right side (1 cm) (table 6). The statisticbasely significant, hardly of any functional
importance, could be significant due to chance cbutd also reflect the fact that the fistula
patient are smaller than the control group, orift shuse of her body after the trauma of
childbirth. Height and weight came out highly siggant as was expected from previous

studies in the same population (Muleta el al 2010).

Reflex and skin sensory testing was added to dineghg study by giving some information
on neural function. Since only a few cases hadé#tans in ankle dorsal flexion and
inversion, most often associated with a diminishedilles reflex, we would not expect this
to come out as a significant finding (Magee 2002pFet al 1982). However, it is important
to remember that muscle strength and tendon respimaot necessary correlate, a normal
reflex does not exclude a neurological finding #mat a negative response could be due to
technique or clinical experience. Unfortunately, were not able to assess sensory function,
due to time constrains and the practical diffic@oncerning language and conveying
knowledgeable instruction in a limited time. Thiad of information could have underscored

the role of neural damage in the group (Butler 200$ese 1999).

4.3 Results in relation to previous literature

Injury to the common peroneal nerve with drop figavell known and documented
(Arrowsmith et al 1996, Waaldijk et al 1994, Wiliis 2007). Walking difficulties following
fistula formation have also been described eafiikrieta et al 2008, Muleta et al 2010,
Waaldijk et al 1994). It is also known that a londaration of labour, being young at age and
being primipara, being short of height, havingwa leeight and having a still birth, are
characteristics of women with obstetric fistula (pofo et al 1990, Berhane et al 1999,
Ezegwui 2005, Hilton et al 1998, Muleta el al 200Mgan age for primipara who developed
a fistula was 19.4 years, which is lower than thahd by Ezegwui (2005) and Hilton et al
(1998), but higher than that reported by Ampofal€tl990). This suggests a recent rise in
first time mothers between 25 and 49 in Ethiopma eould be a step in the right direction

towards reducing the percentage of young first tinmthers. However, 17 % of women
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between age 15 and 19 still carry their first cli@e@ntral Statistical Agency [Ethiopia] and
ORC Macro 2006).

In addition, this study shows that a reasonabldaggbion of an equally low BMI could be
that the two groups were equally nutritioned, legvieight to be the primary factor for the
development of neuromuscular injuries (Muleta é2G0). Unlike previous studies have
shown, this study will not be able to see a clettion between delivery of a male versus a
female neonate for either case or control, or grara and multipara fistula cases, due to the
huge group of unknown neonates and the variatiatatistics (Muleta et al 2010). One
possible explanation could be that male neonatesttepredispose for obstructed labour,
whereas on the other hand side, it may be biaseartls the female neonates, as more male
deliveries will be appreciated and remembered. frt@ans that there might be a higher
proportion of female neonates in the stillborn gras well. Further, a relatively high hospital
rate could be due to the women starting their lalabtnome, visiting the health institution
after several days in labour, when the injury alyelaave occurred (Central Statistical Agency
[Ethiopia] and ORC Macro 2006). This means thatimfey most likely had occurred
irrespective of the mode of the delivery (Hiltor03).

The highest proportion of the fistulas was vesiagiual fistula, the same as reported by Wall
et al (2004) and Muleta et al (2010). Residual imiceence was 33.3 %, the same as for the
cases we examined post operatively, which corredgptmthat of previous published
literature on residual incontinence after fistudpair (Browning 2006, Carey et al 2001). It
must be taken into consideration that the ageildigion in this study group is higher than
that of Carey at al (2001), whereas the study lmynBing (2006) showed that the women left

with stress incontinence were both younger andwef parity.

4.4 Choice of methods

The methodology is based on a functional assessmender to detect limitations in joint
movement and strength. The methods are easy toadenj cheap, non-invasive, and
thought to be an appropriate measurement for #tisng. Therefore, it also comes with some
limitations in the accuracy of the measurements.adkamowledge that the suggested sensory
test was not viable in the present setting of ags#id resources and time, and that the test
Time up and go (TUG) could not be realised in trepses of the hospital.
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Recruitment of participantaere done from the hospital area and due to the tactor this

was the most convenient sampling procedure, asave able to access most cases in a short
time. To maximize the number of cases, we alsaded both pre- and postoperative fistula
patients, and therefore an additional risk of ilgsioccurring from the operation rather than
the delivery. The recruiting controls from the hiteslpare most probable not a representative
group of the general population, hence makingntéato identify true deficits in the study

population.

Anthropometrys a relatively quick, simple, and cheap way of sugig nutritional status.
Weight and height measurements are relatively eaagminister, while circumference is a
more extensive way, and therefore comes with motengially errors and require also more
training (Ulijaszek et al 1999). The results froradgta et al (2009) show high intrarater- and
interrater reliability for weight, height and wag@tcumference, in that order. Training and
standardisation of measurements were done pritietstudy, results were acceptable, and
should therefore minimize measurement errors toesexitent. Since height and weight were

clearly different between the groups, this is dlemeasurements with the highest reliability.

Manual muscle testingMMT) is a common way for physiotherapists to exagrpatients

with different neurological and muscular impairnmeerit is an easy, non-invasive agfticient
method to detect gross disturbances in human hdmgsldition it iscost effective and easy to
administer. Various results exists concerning gliability of MMT, but higher reliability is
reported on testing muscle groups, versus individuescles, training and following a
standardized protocol (Cuthberth et al 2007, Fetsd 1986, Jain et al 2006).

A limitation of MMT is the intervals between thefférent grades that are not well
established, and relies to some extent on a silgatieasurement (Domholdt 2000). This
scale corresponds to the 10-point scale producdldeogame author in 1993, when it was
originally validated (Kendall 1993). The 10-poirctse is presented with its advantages when
processing the statistical analysis, comparedddtpoint scale, but the 10-point scale relies
on a great amount of subjectivity when performing different gradients of the manual
resistance applied (Jain et al 2006). Therefoeebtpoint scale is chosen, and will not
implement minus or pluses for the same purpose. Nbelow grade 4 show good correlation
with handheld dynamometer (HHD). However above grathe MMT looses some of its
ability to discriminate between gradients of stténgvhile HHD retains their sensitivity. In
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the present study the different categories of gtitewere merged into "full strength”
indicating grade 5 on the scale, and less thah Sttgéngth”, indicating grade 4 and lower on
the scale. This was done in order to make thestittieasier, as very few participants fell into
scores 3 and 2. Despite MMT being less sensitietect differences above grade 4, the
results from the present study give a good estimftiee more functional limitations we are

interested in.

Passive range of motias a way to measure joint mobility, and the usa ahiversal
goniometer is by far the most common device, asptactical, easy and offers to a minimal
extent discomfort for the patients (Clarkson 200@xddition, it requires only minimal
training. Passive range of motion (ROM) will give information about the real limitation,
because it doesn’t depend on the ability to inddpetly move the joint, as in active range of
motion (Jakobsen 2009). Goniometer measurements stoalerate to high intra- and inter-
tester reliability for hip, knee and ankle, ICC@-.2ICC 0.90, with the lowest ICC for knee
extension and plantarflexion of the ankle. (Brogs2@00, Elveru et al 1988, Jacobsen et al
2009, Rothstein et al 1983, Watkins et al 1991)aBging observer variation as an extra
factor in the analysis did not influence the resutteaning differences in testers would not
play a significant part.

Reflex testings a simple procedure and gives the clinician aafale estimate of the

situation, and should be used as a supplemenh&r neurological observations. Few recent
studies are published regarding the reliabilityedfex testing, but a considerable variability

in inter-observer and intra-observer has been shdwmbtain a reliable result as possible,
training of the examiner and position of the patisrcrucial, although alternating test
positions can be a useful method to elicit reflesponsegButler 2000, Reese 199%urther,

by strictly recording visible response vs. nondisiresponse, we made the assessment more

crude but minimized measurement errors (Butler 286@hdall et al 2005, Magee 2002).

4.5 Future recommendations

A longitudinal study of those fistula patients s#wng help at an early stage after injury
would permit insight in the dynamics of neuromuscimjury and extent of spontaneous cure
with time, which would be important in planning aswpporting treatment and reintegration

into normal life. A study including a control grougcruited from a background population
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that more truly matches the fistula patient wouldlde a more differential profiling of the

neuromuscular condition of fistula patients.

4.6 Conclusion

In spite of an incomplete recruitment to the stutlgas indicated that pain and walking
disabilities is a very common problem in the eatiyase of the disease and that there seams to
be a considerable natural cure rate with time. &laee indications, however, that the profile

of the musculoskeletal function is slightly shifteccording to compensatory mechanisms and
adaptation. We believe that the data will give aerdetailed picture when the recruitment
eventually is completed, and if the study is reited with a more appropriate control group
matching the background of the fistula patient.
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fistula.” by project leader Torvid Kiserud, Centre for International Health, University of

Bergen, is reviewed and recommended/approved by the Regional Committee for Medical
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Appendix 4.

Consent form cases

Participant’s information
Good Morning/ Afternoon!

My name iS---------------=-------—- . | am workingofr Gondar University Hospital. Gondar
University Hospital has recently started treatiagjgnts who have been through difficult
labour and suffering from gait abnormalities anitethto control urine and or feces. This
injury to the bladder and or rectum as a resudtifficult labour is referred to as obstetric
fistula.

Obstetric fistula is a distressing injury resultingm lack of proper delivery service during
difficult labor. Most women give birth in one dayyt few other women will have long labor
which some times take even a week. This is eitbealbse the baby is big or the mother’s
pelvis is narrow to allow the baby to pass throulghis mismatch results in failure of
advancement of the labour (obstructed labour) hdusthich time the bladder and or rectal
tissue is squashed between fetal head and motbeyspelvis. This results in cease of blood
supply to the tissues compressed, which eventtals off leaving a defect (a hole) to the
affected organ which is often the bladder and sonest is the rectum. The injury is
sometimes extensive and the surrounding soft sssmeooth and skeletal muscles and nerve
tissues so squashed are disturbed affecting thefgdie women. Babies are also suffocated
during such difficult births and often born dead.

If the encountered defect is to the bladder, faikarcontrol the urine is a symptom and if the
rectum is involved faecal incontinence may ocduboth are affected, one might be
incontinent to both urine and feces.

Continuous leakage of urine/feces might irritate $kin resulting in skin rashes. This lesion
might get worse among women confined to bed. Cenfient to bed might also worsen the
status of muscles/nerves and joints (i.e. weakokgsused muscles and contractures of

unused joints).
Provided women are taken to nearby hospital on tdareng difficult labour, they could have

been rescued and had healthy baby. However, thipisblem through out poor countries

where hospitals are far from where people live @adsportation to a hospital is a problem.
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This injury is not a curse, evil spirit or signfaflure in giving birth. It is treatable and can

also be prevented from occurring.

Although the mentioned information is known to tn® type and extent of nerve and muscle
injury to women with fistula is unknown.

Measuring the type and extent of the problem, (ameghto women without obstetric fistula)
will help us to plan for appropriate health intawmtiens. To strengthen the Gonder fistula care
center and integrate neuromuscular care servifisttha care and to expand the service to
other regions, we have to know the extent and dfplke problem among women with fistula.
This is why we are inviting you to participate mg study.

If you agree to take part in this study, | will agku certain questions and make some nerve
and muscle function tests important for our stuithe examinations are done privately and
you might be asked to undress but not the underwiégou have no underwear a onetime
use paper underwear will be provided to you. Tlere painful procedure far from mild
knocking below the patella to check for certaiferedés. Your participation is voluntary. You
can refuse to participate at any point or seleltivefuse to answer certain questions you
don’t want to. Refusal to participate in the sturlyolves no loss of benefit. If you have
injury to your bladder, rectum and have some wajklifficulties/or nerve/muscle damage,
Gondar fistula center provides you a treatmenfrime. None of this benefit will be lost by
your refusal to participate in the study.

If you have any question or something you don’tersthnd, please ask me and | will explain.

Consent

| am told that the purpose of the study is to idgthe neuromuscular pelvic injuries from
obstructed labor. The information has been readdol have been given opportunity to ask
questions and | am satisfied with the clarificatiboonsent voluntarily to participate in the
study and | have the right to withdraw from thedstat any time without in any way affecting

any benefit of medical care at Gondar fistula cente

Name of participant

Signature of participant
Date

Name of interviewer/examiner
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Appendix 5.

Consent form controls

Participant’s information
Good Morning/ Afternoon!

My name iS---------------=-------—- . | am workingofr Gondar University Hospital. Gondar
University Hospital has recently started treatiagjgnts who have been through difficult
labour and suffering from gait abnormalities anitethto control urine and or feces. This
injury to the bladder and or rectum as a resudtifficult labour is referred to as obstetric
fistula.

Obstetric fistula is a distressing injury resultingm lack of proper delivery service during
difficult labor. Most women give birth in one dayyt few other women will have long labor
which some times take even a week. This is eitbealbse the baby is big or the mother’s
pelvis is narrow to allow the baby to pass throulghis mismatch results in failure of
advancement of the labour (obstructed labour) hdusthich time the bladder and or rectal
tissue is squashed between fetal head and motbeyspelvis. This results in cease of blood
supply to the tissues compressed, which eventtals off leaving a defect (a hole) to the
affected organ which is often the bladder and sonest is the rectum. The injury is
sometimes extensive and the surrounding soft sssmeooth and skeletal muscles and nerve
tissues so squashed are disturbed affecting thefgdie women. Babies are also suffocated
during such difficult births and often born dead.

If the encountered defect is to the bladder, faikarcontrol the urine is a symptom and if the
rectum is involved faecal incontinence may ocduboth are affected, one might be
incontinent to both urine and feces.

Continuous leakage of urine/feces might irritate $kin resulting in skin rashes. This lesion
might get worse among women confined to bed. Cenfient to bed might also worsen the
status of muscles/nerves and joints (i.e. weakokgsused muscles and contractures of

unused joints).
Provided women are taken to nearby hospital on tareng difficult labour, they could have

been rescued and had healthy baby. However, thipisblem through out poor countries

where hospitals are far from where people live @adsportation to a hospital is a problem.
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This injury is not a curse, evil spirit or signfaflure in giving birth. It is treatable and can

also be prevented from occurring.

Although the mentioned information is known to tn® type and extent of nerve and muscle
injury to women with fistula is unknown.

Measuring the type and extent of the problem, (ameghto women without obstetric fistula)
will help us to plan for appropriate health intawmtiens. To strengthen the Gonder fistula care
center and integrate neuromuscular care servifistta care and to expand the service to
other regions, we have to know the extent and dfplke problem among women with fistula.
We are inviting you to participate in this studyb® able to compare women without fistula to

woman suffering from this condition.

If you agree to take part in this study, | will agku certain questions and make some nerve
and muscle function tests important for our stuithe examinations are done privately and
you might be asked to undress but not the underwliégou have no underwear a onetime
use paper underwear will be provided to you. Tlere painful procedure far from mild
knocking below the patella to check for certaineneds. Your participation is voluntary. You
can refuse to participate at any point or seleltivefuse to answer certain questions you
don’t want to. Refusal to participate in the sturlyolves no loss of benefit. If you have
injury to your bladder, rectum and have some wajklifficulties/or nerve/muscle damage,
Gondar fistula center provides you a treatmenfrie. None of this benefit will be lost by
your refusal to participate in the study.

If you have any question or something you don’tarsthnd, please ask me and | will explain.

Consent
| am told that the purpose of the study is to tdgthe neuromuscular pelvic injuries from
obstructed labor. The information has been readdol have been given opportunity to ask
questions and | am satisfied with the clarificatiboonsent voluntarily to participate in the
study and | have the right to withdraw from thedstat any time without in any way affecting
any benefit of medical care at Gondar fistula cente

Name of participant

Signature of participant
Date

Name of interviewer/examiner
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Appendix 6.

Clinical examination procedure, correct order obsweements

All measurements will be taken on both legs andsteged in accordance with the test
procedures described. Other positions than lisedported. In case of limitations of
movement the manual muscle, testing can be dotieineutral position, but this should be
noted. The test person is asked to remove heattyirogpand shoes for all examinations, and
is allowed using flexible and light clothing duritige examination.

Pain will be noted. Participants will be providedhwonetime use underwear.

Standing:

Height:

The participant is standing against a wall, wearinghoes. The examiner makes sure the
correct position with both heels against the wealtended knees, calf, buttock and shoulder
toughing the wall and the back of the head agaivestvall. The participant is asked to make a
small nodding movement of the head and keep thiéiqosvhile measuring the height with a
non-stretch tape measure in a 90 degrees andie #if of the head to the wall. The
measurement is recorded to the nearest 0.1 cm.

Rising on tiptoe:
Nerve innervation: Gastrocnemius: Tibial, S1, Saj8€ring S, 2008)

The participant is standing on both feet, sligihégting the palms of the hands in the
examiners hands. The participant is asked to nsgptoe and repeat it 10 times. The test is
performed with extended knees and the body keptsitnaight, upright position. Resistance is
the persons body weight. If the participant is dbleepeat the test 10 times this indicates
grade 5.

If the participant is able to perform 10 times, bhatds extra support it indicates grade 4.
5-10 times indicates grade 4

0-5 times indicates grade 3

0 times indicates grade 2

Figure 12. Strength ankle plantar flexion. Showwogrect position and stabilisation. Used
with permission.
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Weight:

The participant is asked to remove heavy clothimd) €hoes. The weight will be measured
twice, using the highest weight, on a digital wikigtale. The weight scale is on an even
surface, time of day will be noted. The measurenserdgcorded to the nearest 0.1 cm. The
weight scale will be checked for consistency tvaoseek.

Sitting:

Test position for passive medial and lateral rotgtstrenght medial and lateral rotation, knee
extention and hip flexion. The participant is siffiwith one leg fixated manually or with a
strap over the distal end of the femur. The ldg 80 degrees flexion, 0 degrees abduction
and 0 degrees adduction. The participant is sitiprgght. The other leg is abducted, not to
interfere with the movement of the test leg. Thetadiend of the patella and the tibial crest
will be marked with a line.

Passive medial and lateral rotation, strenght nedhd lateral rotation and strenght knee
extention is performed at one leg before chandstigenght hip flexion is done last with no
fixation.

Passive medial rotation

Test procedure: The measuring arm of the gonionefarsitioned to the patients leg using
the tibial crest as reference, the center of theayoeter is at the distal patella. The other
goniometer arm is hanging freely downwards witheaght attached to it. The distal femur is
stabilized with the examiners left hand, while tigiat hand is at the distal leg, moving it
laterally. End of movement is when resistance lisolietilting of the pelvis or lateral flexion
of the trunk is seen. The joint is measured twiegistering the highest value to the closest
ldegree, reading at the black numbers at the gy of 180 degrees.

PaiQ is noted.

Figure 13.Passive hip medial rotation. Showing ectrposition of goniometer in full passive
medial rotation without fixation and attached wdigised with permission.

Passive lateral rotation
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Test procedurefhe measuring arm of the goniometer is positiorigbdealeg using the tibial
crest as reference, the center of the goniometdrtrge distal patella. The other goniometer
arm is hanging freely poining down with a weightahed to it. The distal femur is stabilized
with the examiners right hand, while the left hasdt the distal tibia moving it medially. End
of movement is when resistance is felt or tiltiighe pelvis or lateral flexion of the trunk is
seen. The joint is measured twice, registeringhtgkest value to the closest 1degree, reading
the black numbers at the top left of 180 degrees.

Pain is noted.

e

Figure 14. ési hip lateral rotation. Showirggrect position of goniometer in full
passive lateral rotation without fixation and atteed weight.Used with permission.

Strenght hip medial rotation

Nerve innervation: Tensor fascia latae, gluteusmuiis and medius (anterior fibres), iliacus:
Femoral nerve (L2), Superior Gluteal nerve (L4,[Sbandring S, 2008)

Test position: Sitting with one knee over the edfythe table and holdning on to the table.
The hip is kept in full medial rotation. The examtimgives counterpressure medially at the
lower end of the thigh, while simultaneously applessure lateral at the leg above the ankle
in an attempt to push the hip into lateral rotatibhne participant is instructed to push the leg
outward. If the test position is held against mesistance this indicates grade 5.

Holding the test position against moderate restgandicates grade 4.

Holding the test position with no resistance intheagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractiorifélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle 0.

If pain prevents the participant to contract teisoted.
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Figure 15. strenght hip medial rotation. Showingreot position of resistance and
stabilisation. Used with permission.

Strenght hip lateral rotation

Nerve innervation: Piriformis, Quadratus femorigt@ator internus, gemellus
superior/inferior: Lumbosacral plexus, L5, S1. Qhtar externus: Obturator, L3, L4.
Sartorius: Femoral nerve L2, L3. (Standring S, 2008

Test position: Sitting with one knee over the edfjthe table and holdning on to the table.
The hip is kept in full lateral rotation. The exammi gives counterpressure laterally at the
lower end of the thigh, while simultaneously apptypressure medial at the leg above the
ankle in an attempt to push the hip into mediatioh. The test person is instructed to push
the leg inward. If the test position is held agaimax resistance this indicates grade 5.
Holding the test position against moderate restgandicates grade 4.

Holding the test position with no resistance inthsagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractiorirfélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicatesle 0.

If pain prevents the participant to contract teisioted.

Figure 16. strenght hip lateral rotation. Showingrect position of resistance and
stabilisation. Used with permission.

Strenght knee extention:
Nerve innervation: Quadriceps: femoral, L2, L3,(&andring S, 2008)
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Test position: Sitting with one knee over the edfythe table and holdning on to the table.
The examiner holds the thigh down just proximahi® knee. Resistance is given to the leg
just above the ankel in the direction of flexiommeltest person tries to extend the knee.

If the test person is able to extend the knee weisistance, the test is performed with almost
full extention and max resistance is given at th@ @ motion, this indicates grade 5.
Holding the test position against moderate restsgandicates grade 4.

Holding the test position with no resistance inthsagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractionfélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle O.

If pain prevents the participant to contract tsisoted.

Figure 17. strenght knee extention. Showing compesition of resistance and fixation. Used
with permission

Strength hip flexion

Nerve innervation: lliopsoas: Lumbar, L1, L2, LBatus, pectineus, rectus femoris, sartorius:
Femoral nerve L2, L3, L4. Adductor longus: obturaterve L2, L3, L4. (Standring S, 2008)
Test position: Sitting with knees over the edgéheftable and holdning on to the table. (no
fixation strap) (alternative position is supineg$sure is given at the thigh, just proximal to
the knee in the direction of extention. The pgpadgit tries to flex the hip by lifting the thigh a
few inches from the table. If the fully flexed lepn be held against max resistance this
indicates grade 5.

Holding the test position against moderate restsgandicates grade 4.

Holding the test position with no resistance inthsagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractionrfélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle O.

If pain prevents the participant to contract teisoted.
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Picture 18 strenght hip flexion. Showing correcsipion of resistance and stabilisation. Used
with permission.

Reflex:

Patellar: Femoral nerve L2-L4 (Magee 2002)

The participant is sitting with knees flexed and #me legs swinging freely. The patellar
tendon is localised just distal to the patella artdp is given directly with a reflex hammer.
(alternative position supine with slightly flexeddes). The procedure is repeated about 5
times if no contraction (knee extention) is obsdruéknee extention is observed
(irrespectively of any grade) this is indicatedrasrmal”. The participant will be asked to
close her eyes or look in another direction.

Circumference measurement:

Upper arm:

The participant is sitting upright, and is askedeamove clothes covering the upper arm. The
examiner uses a nonstretch tape measure just ledaxilla, in a horizontal direction around
the arm. The examiner should not tighten the tapasure but register the point where the
tape measurement ends meet. The measurementrdeédo the nearest 0.1 cm.

Leg:
The participant is sitting with the knees flexexdd @asked to remove clothes covering the knee

and leg. The most distal point of the patella isked with a pen. 15 cm below is measured
with a non stretch tape measure and marked witnahe circumference of the calf is
measured at this distal point. The examiner shoatdighten the tape measure but register
the point where the tape measurement ends meem&asurement is recorded to the nearest
0.1 cm.

Ankle:

The participant is sitting with knees flexed, as@dsked to remove clothes covering the ankle.
The examiner localises the medial and lateral mklénd measures the circumference just
proximal to these marks. The examiner should igbttéin the tape measure but register the
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point where the tape measurement ends meet. Theuneeaent is recorded to the nearest 0.1
cm.

Supine:

The most prominent part of the trocanter majogritepicondyle of the femur, head of fibula
and lateral malleoli is marked using a pen. Trogantajor is first marked with both legs
straight and again localised when the hip is flexswing a distal gliding of the trocanter
major, this is the point of reference for hip flemi

Passive flexion

Test position: the participant is placed in theisagposition, with knees extended and both
hips in 0 degrees of abduction, adduction andicotat

A fixation belt is used to stabilize the pelvistihe table and is placed just below the sias.
Stabilize the pelvis with one hand and leave tiheolkeg flat on the table to provide
additional stability. Flex the hip, with knee flexi, while keeping the hip in neutral
adduction, abduction and rotation. When testingeftenip, the right hand is under the
patients lumbar spine/pelvis, feeling the movenoéiihe pelvis, and the left hand performs
the movement of the hip. When testing the right thip left hand is under the patients lumbar
spine/pelvis, feeling the movement of the pelvig] the right hand performs the movement
of the hip. The end of ROM occurs when resistasdelt and posterior tilting of the pelvis is
felt under the lumbar spine as it attemps to fiatléhis position is held by the
assistant/participant.

The examiner places the goniometer with the ceaxtttre greater trochanter, with the
proximal (unnumerated) arm with the lateral midlafehe pelvis and the distal arm
(numerated) with the lateral midline of the femaing the lateral epicondyle of the knee as
the reference point. The joint is measured twiegistering the highest value to the closest
ldegree, reading the black numbers at the bott@irorleight of 90 degrees.

Pain is noted.

Figure 19. Passive hip flexion. Showing correctippas of goniometer without fixation for
better visualization in the end movement. Usel pérmission.

Left abduction, right adduction. The participanagked to slide towards her right side of the

examination table. Right abduction, left adductidhe participant is asked to slide towards
her left side of the examination table.
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Passive abduction:

Test position: The knees extended and the hipsdegbees of abduction, adduction and
rotation. A fixation belt is used to stabilize thelvis to the table and is placed just below the
sias. The participant will hold the center of tlengmeter over the SIAS of the test leg, in an
90 degrees angle to the hip joint, the unnumergd@ibmeter arm pointing horizontally
towards the SIAS on the opposite leg. The distal @rumerated) is placed with the midline
of the patella as the reference point, not the femiduct the hip by sliding the hip laterally,
with no additional movements of the hip. The endhovement is when resistance is felt or
lateral tilting of the pelvis, pelvic rotation ateral flexion of the trunk is seen. This position
is held by the examiner while simontaneously daimegmeasurement. The joint is measured
twice, registering the highest value to the clode&igree, reading the red numbers at the
bottom left of O degrees, indicating starting positas O degrees.

Pain is noted.

o

Figure 20. passive hip abduction. Showing correxdifpon of goniometer and fixation in the
end movement. Used with permission.

Passive adduction

Test position: The knees extended and the hipgdiegdees of abduction, adduction and
rotation. A fixation belt is used to stabilize thelvis to the table and is placed just below the
sias. The participant will hold the center of tltoigmeter over the SIAS of the test leg, in an
90 degrees angle to the hip joint, the unnumergd@ibmeter arm pointing horizontally
towards the SIAS on the opposite leg. The distal @rumerated) is placed with the midline
of the patella as the reference point, not the febduct the contralateral leg to allow
enough space to complete the movement, but maketseigoniometer arm points
horizontally. Adduct the hip by sliding it mediallgwards the contralateral leg. One hand is
at the knee to move the extremity into adductiosh tanmaintain the hip in neutral flexion and
rotation. The end of movement is when resistanégtior lateral tilting of the pelvis, pelvic
rotation or lateral flexion of the trunk is seemid position is held by the examiner while
simultaneously doing the measurement. The jointeasured twice, registering the highest
value to the closest 1degree, reading the red nigabéhe bottom left/right of O degrees,
indicating starting position as 0 degrees..

Pain is noted.
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Figure 21. passive hip adduction. Showing correxdifon of goniometer and fixation in the
end movement. Used with permission.

Knee:

Knee flexion and extention is performed at onedethe time.

Passive flexion

Test position: The participant is supine with hip® degrees abduction, adduction and
rotation and knee extended. The most prominens péthe throchanter major, caput fibula,
lateral epicondyle and lateral malleol is palpafdte participant moves the heel as close to
the buttocks as possible. The examiner perform$asigart of the movement. End of
movement is when resistance is felt or when furkimere flexion is not possible, or an attempt
to movement of the hip is seen. The assistantswplport this position. The goniometer is
placed with the center over the lateral epicondyline femur, with the numerated proximal
arm in midline with the femur using the greatectanter as reference. The distal arm
(unnumerated) is at the midline of the fibula, gsiine lateral malleol and head of fibula as
reference. The joint is measured twice, registettieghighest value to the closest 1degree,
reading the black numbers at the top left of 18freles.

Pain is noted.

L:ﬂ
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Figure 22.passive knee flexion. Showing correcttjpmsof goniometer in the end movement.
Used with permission.

Passive extention

Test position: The participant is supine with hip® degrees abduction, adduction and
rotation. The knee is extended using a firm rotlemthe ankle, allowing space under the
knee. A fixation belt is used to stabilize the fertauthe table and is placed at the mid thigh.
The most prominent parts of the throchanter majput fibula, lateral epicondyle and lateral
malleol is palpated and marked. The knee joinushed into full extention with the hands of
the examiner just below and above the patella.a8sestant will support this position. End of
movement is when resistance is felt or the pasags stop. The goniometer is placed with
the center over the lateral epicondyle of the femiuth the numerated proximal arm in
midline with the femur using the greater trochamtereference. The distal arm
(unnumerated) is at the midline of the fibula, gdine lateral malleol and head of fibula as
reference. The joint is measured twice, registettieghighest value to the closest 1degree,
reading the black numbers at the distal arm ofytfreometer right (extention deficit) or left
(hyperextention) of O degrees, indicating 0 degesethe starting position.

Pain is noted.

v

movement. Used with permission.

Ankle:

Test position: Supine with the hips in 0 degredsmal rotation and adduction. A fixation
strap is just proximal to the knee to prevent kiteaon A firm roll under the test knee
providing at least 30 degrees of flexion. The fmobe tested is hanging freely over the edge
of the table. The ankle joint is in neutral positia relation to inversion and eversion. The
caput fibula is marked. Dorsalflexion and plantexion is done at one leg at the time. When
testing the right foot, the right hand is arounel lidg and the left hand around the foot. When
testing the left foot, the left hand is around légg and the right hand around the foot.

Passive dorsalflexion

Test procedure: the center of the goniometer is theelateral malleol of the ankle. The
unnumerated proximal arm following the midline loétcrus and towards the head of fibula.
The distal arm (numerated) in a 90 degrees angleetproximal arm. The participant
dorsiflexes the ankle as much as possible, andxaminer guides the movement to secure
correct alignment. The end of the movement is dynehe examiner, using one hand around
the lower leg and the other hand giving a manusdgure under the foot. No pressure is put
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on the lateral edge of the ankle or the toes. Emdavement is when resistance is felt or the
participant says stop. For stabilization one harafound the lower leg and the goniometers
proximal arm, while the other arm holds the foad #me distal arm of the goniometer,
parallell to the 5th metartars. When full dorsif@xis obtained, the position is held and
measurement is taken. The joint is measured twaggstering the highest value to the closest
ldegree.
The starting position for measuring dorsiflexiomisen the goniometer is at 90 degrees, this
is recorded as 0 degrees, reading the red nunibére top right of O degrees. Pain is noted.

;

igure 24. Passive ankle dorsal flexion. Showiogext position of goniometer in the end
movement. Used with permission.

Passive plantarflexion

Test procedure: the center of the goniometer is theelateral malleol of the ankle. The
unnumerated proximal arm following the midline loétcrus and towards the head of fibula.
The distal arm (numerated) in a 90 degrees angleetproximal arm. The participant
plantarflexes the ankle as much as possible, andxaminer guides the movement to secure
correct alignment. The end of the movement is dynhe examiner, using one hand around
the crus and the other hand giving a manual presstar the foot. No pressure is put on the
lateral edge of the ankle or the toes. End of marens when resistance is felt or patient says
stop. For stabilization one hand is around the tdeg and the goniometers proximal arm,
while the other arm holds the foot and the distad af the goniometer, parallell to the 5th
metatars. When full plantarflexion is obtained, plosition is held and measurement is taken.
The joint is measured twice, registering the highatue to the closest 1degree.

The starting position for measuring dorsiflexiomisen the goniometer is at 90 degrees, this
is recorded as 0 degrees, reading the red nunmi#rs top left of O degrees.

Pain is noted.
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Figure 25. Passive ankle plantar flexion. Shingect position of goniometer in the end
movement. Used with permission.

Strenght ankle dorsalflexion

Nerve innervation: Extensor digitorum longus, estarhallucis longus, peroneal tertius,
Tibialis Anterior: deep peroneal nerve, L4, L5, 88tandring 2008)

Test position: Participant is supine with knee éléxn 30 degrees. The participant is asked to
dorsiflex the ankle. (toes towards the nose). Harener stands at the distal end and gives
resistance to the foot with the right hand, whibbdising the leg above the knee. Resistance
is given in the direction of plantar flexion. Ifeldorsiflexed position is held against maximal
resistance this indicates grade 5.

Holding the test position against moderate restgandicates grade 4.

Holding the test position with no resistance intBsagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractiorirfetie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle 0.

If pain prevents the participant to contract teisioted.

Figure 26. Strenght ankle dorsal flexion. Showingect position of resistance and
stabilisation. Used with permission.

Strenght ankle inversion:
Nerve innervation: Tibialis anterior: Deep peronéd, L5. Tibialis posterior: tibial nerve:
L4, L5. (Standring 2008)
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Test position: Particiant is supine with knee fidxe 30 degrees. The participant is asked
make an inverted position and is told to move thideain, towards the other leg. The
examiner is at the lateral end of the leg to bererad, giving resistance with the left hand on
the medial side. Resistance is given in the dioeatif evertion, while simontaneously
stabilixing the leg above the knee. If the inveppedition is held against maximal resistance
this indicates grade 5.

Holding the test position against moderate restgamdicates grade 4.

Holding the test position with no resistance inthksagrade 3.

Not being able to hold the test position indicajesde 2.

Tendon becomes prominent or feeble contractionifdglie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle 0.

If pain prevents the participant to contract teisoted.

Figure 27. Strenght ankle inversion. Showing cdrpasition of resistance and stabilisation.
Used with permission

Strenght ankle eversion

Nerve innervation: Peroneus tertius: deep perameake L5, S1. Peroneus longus and brevis:
Superficial nerve peroneal L5, S1. (Standring 2008)

Test position: Test participant is supine with kfleged in 30 degrees. The participant is
asked to make an everted position and is told teentioe ankle out, away from the other leg.
The examiner is at the medial side of the leg texmmined, with one hand on the lateral side
giving resistance and the other hand stabilisiegély above the knee. Resistance is given in
the direction of inversion. If the everted positisrheld against maximal resistance this
indicates grade 5.

Holding the test position against moderate restgamdicates grade 4.

Holding the test position with no resistance inthksagrade 3.

Not being able to hold the test position indicajesde 2.

Tendon becomes prominent or feeble contractionifélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle 0.

If pain prevents the participant to contract teisoted.
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Figure 28.Strenght ankle eversion. Showing corpasition of resistance and stabilisation.
Used with permission

Babinski:

The edge of the reflex hammer is used to fasalitiaeé reflex by stroking the patients sole of
the foot. A normal reaction is noted when curlifigh® toes is observed, meaning no central
nerve damage. If extension of the toes is seengheported. Both feet are testet once and the
reflex should be visible by the examiner. The peftan be tested more than once if necessary.

Sensibility:

Sensibility was assessed using a sensation roler participant was prevented from
watching the test, while a light stimuli was givem both legs following the dermatomes. The
participant was asked if she felt a difference fileftito right leg. A standardized dermatome
map was used to set the marks directly and istegthm appendix 7.

Side lying, patient needs to turn from one sidéh&other:

Strenght hip abduction

Nerve innervation: Gluteus medius, minimus, terfigscia latae: Superior gluteal, L4, L5, S1.
Piriformis: lumbosacral plexus: L5, S1, S2. (Stamgl2008)

Test position: sidelying with underneath leg flexedhe hip and knee and the pelvis rotated
slightly anteriorly to place the glut med in anigravity position. Alternative position supine.
The examiner is standing at the back of the paditi with one hand stabilizing the pelvis
and the other hand giving resistance. The legldiheabduction, slight extension and slight
internal rotation to decrease the influence ofttipeflexors. The knee is in extension.
Resistance is given near the ankle in the direafadduction and slight flexion, not against
the rotation component. If the test position isdhejainst max resistance this indicates grade
5.

Holding the test position against moderate restgamdicates grade 4.

Holding the test position with no resistance inthsagrade 3.

Not being able to hold the test position indicagesdle 2.

Tendon becomes prominent or feeble contractionrfelie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicapesie 0.

If pain prevents the participant to contract tkisoted.
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Figure 29. Strenght hip abduction. Left side sh@ngorrect position of resistance and
stabilisation. Right side showing alternative piasitwith correct position of resistance and
stabilisation. Used with permission.

Strenght hip adduction

Nerve innervation: Pectineus: Femoral L2, L3. Adaignus: Obturator, tibial nerve L2, L3.
Gracilis, add brevis and add.longus: Obturator,lL2,L4. (Standring 2008).

Test position: side lying on the side to be testéd the body, lumbar spine and lower
extremities in as straight line. The patient flekes upper leg, so that the lower leg can
adduct freely. The test person holds on to thestabfront. Resistance is applied at the medial
aspect just proximal to the knee in the directibalmuction (downward pressure). If the
adducted position is held against max resistansanticates grade 5.

Holding the test position against moderate restgandicates grade 4.

Holding the test position with no resistance inthsagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractiorifélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicatesle 0.

If pain prevents the participant to contract teisoted.
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Figure 30. Strenght hip adduction. Left side sh@agorrect position of resistance and
stabilisation. Right side showing alternative piasitwith correct position of resistance and
stabilisation. Used with permission.

Prone:

Passive hip extension

Test position:

Both knees extended and the hip to be testetdgdiegrees of abduction, adduction and
rotation. A pillow can be used under the abdomerstipport, but no pillow under the head.
A fixation belt around the participant buttocksused to stabilize the pelvis to the table.
Stabilize the pelvis with one hand to avoid antetilg the contralateral leg should be flat on
the table. The patient extends the hip to be tdsgadising the leg with extended knee. The
end of movement is performed by the examiner aoppstd when an attempt to pelvic
anterior tilting is seen. The assistant will kele@ position when full range of motion is
obtained. The goniometer is placed with the ceatéine greater trochanter, with the proximal
arm with the lateral midline of the pelvis and thstal arm with the lateral midline of the
femur using the lateral condyle of the femur asréierence point.

Pain in noted.

f
/
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Figure 31.Passive hip extention. Showing correct positiogarfiometer and fixation.Used
with permission.

Strenght hip extention

Gluteus maximus:

Nerve innervation: Gluteus maximus: Inferior gluté®, S1, S2. Adductor magnus:
obturator and tibial nerve: L2, L3, L4. Hamstringbial nerve: L5, S1, S2. (Standring 2008).
Test position: the test person is prone with theekitexed 90 degrees or more. (alternative
position is trunk prone on the table) A fixatiorltt@round the participant buttocks is used to
stabilize the pelvis to the table. The examinebiszes the pelvis with one hand while the
other hand is placed just proximal to the postéame. Resistance is given in the direction of
flexion. If the participant keeps the extended posiwith the knee flexed against max
resistance it indicates grade 5.

Holding the test position against moderate restsgandicates grade 4.

Holding the test position with no resistance inthksagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractionrfdélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle O.

If pain prevents the participant to contract tsisioted.

Figure 32. Strenght hip extention. Showing corpazgition of resistance and stabilisation.
Used with permission.

Knee:

Strenght knee flexion

Nerve innervations: Hamstrings: tibial nerve anahfomon peroneal nerve innervating biceps
femoris): L5, S1, S2. (Standring 2008)

Test position: Test participant prone with kneadig between 50 and 70 degrees (alternative
position is supine with hip and knee flexed) A fira belt around the participant buttocks is
used to stabilize the pelvis to the table. The eranstabilizes the pelvis with one hand while
the other hand is placed just proximal to the pastankle. Resistance is applied in the
direction of knee extention. If the participant gee¢he flexed position it indicates grade 5.
Holding the test position against moderate restsgandicates grade 4.
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Holding the test position with no resistance inthsagrade 3.

Not being able to hold the test position indicajesle 2.

Tendon becomes prominent or feeble contractionrfdélie muscle with no visible movement
indicates grade 1.

No contraction felt or seen in the muscle indicagesle O.

If pain prevents the participant to contract tkisoted.

Figure 33. Strength knee flexion. Left side showimgect position of resistance and
stabilisation. Right side showing alternative tegsition with correct position of resistance
withouth fixation. Used with permission.

Reflex:

Akilles: sciatic nerve: L4-L5. (Magee 2002)

Prone with a firm pillow under the participants bnkesting. Apply a little pressure with the
examiners thigh against the dorsum of the footefahtive position supine) Slight
dorsiflexion of the ankle is allowed. A tap is givdirectly at the akilles tendon. The
procedure is repeated about 5 times if no contragplantar flexion) is observed. The
participant will be asked to close the eyes or lwo&nother direction.
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Appendix 7

Examination protocol

Date:
Name:
Number:

Examiner:

Patient history:
> Name?
Age?

Duration of labour that caused the fistula? (daysrb) (cases)

Duration of the last labour? (hours) (controls)

Time since that labour? (months/years)

Which delivery caused the fistula? (cases)

Which delivery was the last delivery? (controls)

Does she have difficulties with daily activitiestwe pregnancy? (what kind) No/yes*
Does she have difficulties with daily activitiesepent? (what kind) No/yes*
Does she have difficulties walking before pregna&nidp/yes

Does she have difficulties walking after the detyj&eNo/yes

Does she have difficulties walking present? No/yes

Community? rural/urban

Place of delivery? home/hospital

Mode of delivery? vaginal/abdominal

Sex of neonate? female/male

Live birth? No/yes

If live birth, did the neonate die within the finseek after birth? No/yes

YV V.V V V VYV V V VYV V V V V V V V V VY

Did you have pain in the legs after the deliverygsio
NB. Cases: delivery that caused the fistula
Controls: last pregnancy

From hospital records:
» Vesico-vaginal or recto-vaginal fistula or both?

» Successfully repaired fistula?
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» Residual incontinence problems after successfairep

Result clinical examination:

Standing:

Height

Rising on tip toe Strengt

Weight 1st test 2nd test

Comments:

Sitting:

Hip: Left leglsttest | 2nd test Right leg 1st test 23l te
Passive medial

rotation

Passive lateral Left leglsttest | 2nd test Right leg 1st test 2rstl te
rotation

Strenght hip medial Left leg Right leg
rotation

Strenght hip lateral Left leg Right leg
rotation

Strenght knee Left leg Right leg
extention:

Strength hip Left leg Right leg
flexion

Reflex: Left Right
Patellar:

Circumference Left Right
measurement:

Upper arm:

Leg Left Right
Ankle Left Right
Comments:

Supine:

Hip: Left leglsttest | 2nd test Right leg 1st test 28l te
Passive flexion

Passive abduction| Leftleglsttegt 2nd test Rigdntlist test  2nd test
Passive adduction| Leftleglsttest 2nd test Reghtist test  2nd test
Knee: Left leglsttest | 2nd test Right leg 1st test 28l te
Passive flexion

Passive extention Left leglsttest 2nd test Rigftlst test 2nd test
Ankle: Left leglsttest | 2nd test Right leg 1st test 2stl te
Passive

dorsalflexion

Passive Left leglsttest | 2nd test Right leg 1st test 2stl te
plantarflexion
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Strenght Left Right
dorsiflexion

Strength inversion| Left Right
Strenght eversion | Left Right
Babinski Left Right
Comments

Side-lying

Hip: Left Right
Strenght hip

abduction

Strenght hip Left Right
adduction

Comments

Prone:

Hip: Left leglsttest| 2nd test Right leg 1st | 2nd test
Passive extention test

Gluteus maximus: | Left Right
hamstrings Left Right
Reflex akilles: Left Right
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Appendix 8

Map of dermatomes
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Slightly modified from Keegan, JJ, Garrett, FD. AriRec. 102:411, 1948; and Haymaker, W,
Woodhall, B. Peripheral Nerve Injuries. 2d ed. &dlphia. Saunders. 1953
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Appendix 9.

Timed up and go procedure

Timed up and go
Name:
Number:

Description of test

Timed Up & Go (TUG) test measures the time (in sesY, it takes one person to stand up
from an ordinary chair with armrests (seat heigigrax. 46 cm), walk 3 meters, turn, walk
back to the chair and sit down again.

Preparation

The participant is wearing her usual footwear amduses a standardized walking aid
provided by the examiner. The participant is sittivith the back against the chair, the arms
are resting on the armrests and walking aid witbach in front of the patient. There will not
be given any physical support, but verbal instangican be given.

Instruction

At the command: “Ready —Go” the test person stapdsnd goes quickly, but in a
comfortable and safe pace to a clearly markeddm¢he floor 3 meters away, walk past the
line, turns, go back to the chair and sit down agéhe test is performed 3 times. First one
tryout test is performed where the examiner guidegatient and the patient uses the
standardized walking aid, then two times when tisv@easured and the average is calculated
based on the last two measurements. Instructidghetwo measurements is “ready-go”. A
rest of two minutes between each test is performed.

Time taking

For the time taking use a stopwatch. Start thevgitgh at “go” (even if the participant waits
to stand up) and stop when the person sits dowthenhair. The arms do not have to rest on
the armrests.

Equipment

An armchair is used, seat height approx. 46 cnp@watch. It is used a walking length, with
a clearly marked line 3 meters from the first clhegy. It is recommended to use a walking
length with enough space on both sides, so thepamt can choose whether to turn left or
right. The length should therefore not be placed teea wall. Walking aid will be
standardized for all patients in need of this aasce.

Result
Comments

Date:

Time measured in seconds with one decimal:
First measure: Second measure: Average:
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Walking aid:
Shoes: Height of heel:
Surface:
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Appendix 10.

Passive range of motion for cases with n, meanjane®D, min, max, 95 % CI.

Fistula cases n_Mean Median SD Min  Max 95 % ClI

Hip

Medial rotation left 51 41.98 41 6.8 25 58 40A3.
Medial rotation right 51 41.76 41 7.4 27 63 39363
Lateral rotation left 51 36.8 38 6.5 20 48 35538.
Lateral rotation right 51 37.7 40 6.2 24 50 3B1B
Flexion left 51 110.2 111.0 87 86 129 107.7,112
Flexion right 51 114.1 115.0 83 90 131 111.8,51
Extention left # 47 -14.7 -14 6 -27 -4 -16.5,942.
Extention right# 47 -15.3 -14 6.2 -29 5 -16.8,d
Abduction left 49 29.2 28.0 10 11 43 26.4,32.1
Abduction right 50 28.9 285 10 10 44 26,31.8
Adduction left 51 232 24 4.3 14 31 22,24.4
Adduction right 51 23.8 25 5.3 7 33 22.3,25.3
Knee

Flexion left 51 146.4 153 14 110 164 142.5,150.3
Flexion right 51 147.5 154 142 118 165 143.6,85
Extention left# 51 42 4 43 -20 2 -5-5,-3
Extention right# 51 -45 -4 54 -16 4 -6.1,-3
Ankle

Dorsalflexion left 51 22.3 20 85 O 42 19.9,24.7
Dorsalflexion right 51 21 18 84 -3 40 18.7,23.4
Plantarflexion left 51 48.8 50 98 30 72 46,51.6
Plantarflexion right 51 49.2 50 93 25 79 46.5351

# Hyperextension
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Passive range of motion for controls with n, meaadian, SD, min, max, 95 % CI.

Control group n__Mean Median SD Min _ Max 95 % CI

Hip

Medial rotation left 100 41.29 40 6.9 25 64 .9B92.6
Medial rotation right 100 42.19 42 6.7 28 70 0.8443.5
Lateral rotation left 98 36.2 35 6 20 51 3374
Lateral rotation right 99 36.1 35 6.6 22 55 4.8337.4
Flexion left 99 112.3 115 11.3 66 136 11114,6
Flexion right 99 113.9 114 95 90 136 118,81
Extention left # 70 -11.9 -12 45 -23 -3 -18,8
Extention right# 67 -13.8 -13 51 -29 -3 -12,9
Abduction left 92 239 24 86 6 50 22.2,25.7
Abduction right 94 28.9 285 8.8 10 44 26,31.8
Adduction left 96 23.8 24 49 10 35 22.8,24.8
Adduction right 94 24.8 24 55 12 38 23.6,25.9
Knee

Flexion left 99 153.5 154 7.1 104 165 152,155
Flexion right 99 153.9 155 48 136 163 15159,9
Extention left# 99 -7.4 -7 56 -20 6 -8.53-6.
Extention right# 99 -6.9 -7 5 20 5 -7.9,-5.9
Ankle

Dorsalflexion left 99 26.9 27 6.9 10 45 28863
Dorsalflexion right 99 25.8 25 6.8 10 38 2874
Plantarflexion left 99 54.6 54 8 40 76 5356.
Plantarflexion right 99 54 55 79 31 75 52546

# Hyperextension
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Appendix 11

Merete

Intratester reliability for anthropometrical meamments "Technical error of measurement”
TEM
The calculations are made from the participanthénpilot, n=7. The measurements are done

with 2 days in between.

Test Prosent TEM Acceptable TEM for anthropometry
Upper arm circumference 1.39 % 0-5 % acceptable
Leg circumference 1.17% 0-5 % acceptable
Ankle circumference 212 % 0-5 % acceptable

Intratester reliability for anthropometrical meamments "Technical error of measurement”
TEM

Calculations for height are made from 10 partictpaim the study, weight are measured on
my-self, prior to and during the study.

Test Prosent TEM Acceptable TEM for anthropometry
Height 0.05 % <15%

Weight 0% <1.5%

Bruhan

Intratester reliability for anthropometrical meamments "Technical error of measurement”
TEM
The calculations are made from 5 participants. ikeasurements are done with 2 days in

between.

Test Prosent TEM Acceptable TEM for anthropometry
Upper arm circumference 0 % 0-5 % acceptable

Leg circumference 0% 0-5 % acceptable

Ankle circumference 0 % 0-5 % acceptable

Test Prosent TEM Acceptable TEM for anthropometry
Height 0% <1l5%

Weight 0.014 % <1.5%
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