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Abstract

The University of Manchester, Doctor of Medicine, Ebruary 2013
Gemma Faulkner

The relationship between connective tissue abnormgt and pelvic floor
dysfunction

Perineal descent (PD) is a sign of connective ¢isggakness of the pelvic floor, it can
be measured mechanically or radiologically. Jbygermobility can be a sign of a
generalised connective tissue abnormality, theam imcreased incidence of pelvic
organ prolapse and faecal incontinence amongsrgatwith heritable connective
tissues diseases. To explore the relevance ofndhe relationship between
connective tissue abnormality and pelvic floor dysftion five studies were performed.

A new mechanical device for the measurement oftR®laser commode, and the
established mechanical device, the perineometex e@npared to the current gold
standard method of measurement, defaecating pragtiog in 68 subjects. The laser
commode provided a mean overall PD measuremergrdioshat of proctography than
the perineometer but the repeatability and repritilitg of the measurements were not
accurate enough for the laser commode to be utieet @ the subsequent parts of this
research project or in a clinical setting.

Perineal descent was measured using proctograghyiam hypermobility was
measured using the Beighton score in 70 femaldspelvic floor dysfunction. No
correlation was found between PD and joint mohility

A review of 323 proctograms of females with pelfiaor dysfunction found an
association between PD and rectal prolapse bussacation between either PD and
rectocele formation or PD and rectal intussuscapiitne Pelvic Floor Distress
Inventory questionnaires of 133 females were cateel with their proctography
findings. There was no association between PDaagdf the clinical symptoms.

Biopsies from the rectus sheath and pelvic floscifaof 19 females with rectal prolapse
were compared to those of 8 normal controls. Thea® no difference in collagen or
elastin content between the groups but participantbers were small. The pelvic floor
fascia of the rectal prolapse group showed a highsrentage of well organised elastin
than that of the control group but this did notcreatatistical significance.

Perineal descent does not appear to be a condistiécdtor of severe pelvic floor
connective tissue abnormality or injury. This stundg furthered our understanding of
perineal descent and the relationships betweetiitiisig and other pelvic floor
disorders caused by connective tissue weaknedsreRuork will focus on further
histological analysis of tissue from patients witlstal prolapse in combination with the
use of more sensitive methods to establish theepoesof an underlying connective
tissue abnormality.
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Chapter 1. Introduction

1.1 The anatomy of the pelvic floor

1.1.1 The pelvic floor muscles

In 1543 Vesalius described the pelvic floor assgpdragm comprised of a group of
muscles.[1] The bilateral levator ani musclesditt the internal aspect of the bony
pelvis and form the bulk of the pelvic floor diapgm. Their medial borders are
separated by the outlets of the vagina, urethraeetdm. Contraction of these fibres
compresses the visceral outlets and counteracésabdominal pressure. The levator
ani are divided, on anatomical grounds, into séy@ads; pubococcygeus, iliococcygeus

and ischiococcygeus although they function as glesianit.

Pubococcygeus arises from the pubis anteriorlypasdes backwards to attach to the
musculotendinous anococcygeal ligament which legs/ben the anus and the coccyx
and, with the overlying presacral fascia, providggatform for the distal rectum.
Medial fibres from pubococcygeus contribute antdyito the sphincter urethrovaginalis
(and levator prostatae in the male) and pubovagimdlich surround the vagina and
inserts into the perineal body. lliococcygeussiag from the obturator fascia, and
ischiococcygeus, arising from the tips of the iatbpines, form the most posterior part
of the pelvic floor. They attach to the anococ@ldgament, the coccyx and the 5th
part of the sacrum. The band-like puborectalieach side passes below the main
pubococcygeus muscle to join with and reinforcegkiernal anal sphincter and to form

a sling posteriorly around the rectum at the artatggnction. This pulls the rectum
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towards the pubis creating the anorectal anglej2fudy by Lien (2005) using a
computer simulated model of vaginal childbirth sesfed that it is pubococcygeus that

is subjected to the most strain during delivery.[3]

In 1962 Parks used concentric needle electromybgrapdemonstrate the constant
activity of the pelvic floor muscles.[4] This isamtained by a spinal reflex. Ashton-
Miller's (2007) review of the functional anatomythie pelvic floor suggests that this
constant contraction of the levator ani may actthice the transfer of damaging intra-

abdominal forces to the connective tissues of gteipfloor.[5]

1.1.2 The perineum

The textbook definition of the perineum refershe trapezoidal region below the pelvic
floor diaphragm. It is bounded anteriorly by théjz arch, posteriorly by the coccyx
and on each side by the inferior pubic and isalaiali and the ischial tuberosities.
Superficially it is covered by skin and extendetally to the buttocks and the medial
sides of the thighs. Clinically the term perinetefers to the area between the anus and
the vagina or base of the scrotum. This regiomepasses the perineal body and its
overlying skin. A transverse line drawn in froffitioe ischial tuberosities divides the

perineum into an anterior urogenital triangle ammbsterior anal triangle.[2]
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1.1.3 The posterior anal triangle of the perineum

The contents of the posterior triangle are simidvoth sexes. The anal canal is four
centimetres long in the adult; it begins at theraatl junction where the rectum
narrows and passes downwards and backwards. disteiof a muscular tube formed by
the inner internal and outer external anal sphisct&he internal anal sphincter is a
continuation of the smooth muscle of the recturenttircles the upper three centimetres
of the anal canal and it is under intrinsic autormoontrol.[2] The sympathetic
innervation maintains constant tonic contractiomthef muscle to keep the anal canal
sealed.[6] The preganglionic efferent sympathidties originate in the thorocolumbar
ganglia and are conveyed via the inferior hypogaptexus. The parasympathetic
supply is derived from the pelvic splanchnic nereethe S2, 3 and 4 roots.[2]
Parasympathetic discharge relaxes the internalsgphahcter and increases the intensity

of colonic peristalsis.[7]

The external anal sphincter is comprised of skktetescle which is under conscious
control and can be voluntarily contracted to prékiaecation. Classically it was
described by Milligan and Morgan (1937) as havimge parts; superficial,
subcutaneous and deep.[8] This theory has sirme centested by Goligher (1955) [9]
and Ayoub (1979) [10] who could not identify théagers in cadaveric and operative
specimens. In women the external sphincter istehanteriorly and this can be
demonstrated using endoanal ultrasound imaging.[yde | (slow twitch) muscle

fibres are predominantly found in the external sptar, they are slow to fatigue and
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thus help to maintain a persistent tonic contractibthe external sphincter which aids

the internal sphincter in maintaining closure & #nal canal.[12]

The longitudinal muscle is a continuation of thetaésmooth muscle which lies
between the two sphincter muscles. The exactifumof this muscle is unknown but it
is likely to provide support to the sphincter coexpand to facilitate defaecation by

eversion of the anus.[13]

Above the dentate line the anal canal is linedddyranar epithelium and below it there
is stratified squamous epithelium.[14] The mucokthe anal canal is thick and folded
into four to six highly vascularised cushions. Brggment of these cushions manifests

clinically as haemorrhoids.[15]

The ischiorectal fossae are the wedge-shaped spaaather side of the external anal
sphincter muscle. The wide base lies on the palrsien and the tapered end lies
between the obturator internus muscle and thedewaati. They contain fatty tissue and
are traversed by the inferior rectal vessels amdase In the lateral wall the internal
pudendal vessels and the pudendal nerve are encatbedfascial tunnel of the

pudendal canal.[2]

The pudendal nerve arises from the 2nd, 3rd andatttal nerve roots. Direct branches

from these nerve roots supply the levator ani nesscllhe pudendal nerve leaves the

pelvis through the greater sciatic foramen butnes it accompanying the internal
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pudendal artery via the lesser sciatic foramene ifferior rectal nerve is the first
branch, it provides the motor innervation of théeexal anal sphincter and the afferent
sensory innervation of the mucosa of the lower aaabl. The nerve terminates in the
dorsal nerve of the penis/clitoris and the perimes/e which supplies the sphincter

urethrae and the skin of the labia or scrotum.[2]

1.1.4 The anterior urogenital triangle of the pemeum

The anterior urogenital triangle contains supeafiand deep perineal muscles separated
by a fascial layer, the perineal membrane. Thessamnscles are present in both sexes

but they differ in size and position in the fembérause of the addition of the vagina.

The deep layer is comprised of the sphincter uaethirethrovaginalis and the right and
left deep transverse perinei muscles. In thersige layer bulbospongiosus lies in the
midline, it consists of two parts which are sepedldiy the vagina. It attaches to the
clitoris anteriorly and the perineal body behifithe smaller ischiocavernosus also
forms an attachment to the crus of the clitorise Tight and left superficial transverse
perinei form a thin strip of muscle which lies itransverse position in front of the anus.
The perineal body is an important structure withi@ perineum. The perineal muscles
originate on the bony pelvis, they converge on fibiomuscular nodule and then attach
around the urethra, anus and vagina or bulb ofspehiney help to empty the urethra
during urination and ejaculation in the male anchintain penile and clitoral erection.

They also play a vital role in enabling the perifeady to anchor the pelvic viscera.[2]
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Figure 1. The muscles of the female perineum
(reproduced from Gray’s Anatomy with kind permissidrom Elselvier)

1.1.5 The physiology of normal defaecation

The pelvic floor has two main roles; to support pleévic organs and to aid the processes
of defaecation and micturition.[16] The defaecgfmmocess begins with an increase in
intra-abdominal pressure generated by contractidiheorectus abdominis and levator

ani muscles and descent of the diaphragm. In auatibn with the peristaltic action of

the colon this moves the stool into the rectum Wlaicts as a faecal conduit. Distension
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of the rectum stimulates pelvic floor stretch reaoepwhich trigger the conscious
sensation of a "call to stool". Rectal distensatso causes transient relaxation of the
internal anal sphincter via the rectoanal inhibjitaflex.[17] This allows "sampling” of
the rectal contents by the richly innervated muadsae upper anal canal. This process
provides conscious awareness of the nature oktttalrcontents (gas, liquid or formed
stool).[18] If it is convenient for defaecationdocur a squatting or seated position is
adopted and intra-abdominal pressure is increag&id.a Puborectalis relaxes causing
the anorectal angle to widen. The external anahsper relaxes under voluntary

control and the anal canal shortens and widenwgltpeversion of the anus.[19] The
perineum descends and the pelvic floor becomesfisiraped assisting the passage of
stool through the anal canal. Straining furthedems the anorectal angle and relaxes the
anal sphincters. At the end of defaecation treeebrief contraction of puborectalis and

the external anal sphincter, this "closing reflaids the closing of the anal canal.[20]

1.1.6 Maintaining continence

The maintenance of continence requires the interacf multiple factors. Ideally stool
must be formed and firm in consistency as a ligtabl rapidly delivered into the
rectum may overcome the sphincter mechanism. fictifon as a conduit for faeces the
rectum must be able to distend adequately. Pajlealbconditions such as
inflammatory bowel disease or radiation proctias ¢ead to faecal incontinence by
reducing rectal compliance.[21] Miller et al (1988und that the anal sampling reflex
was absent in some patients with faecal incontieema in others a greater rectal

volume was required to induce the reflex. Therefdsnormal anorectal sampling may
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contribute to the development of incontinence.[I8le normal process of defaecation is
disrupted if the rectoanal inhibitory reflex is abg this is the case in Hirshsprungs
disease [22] and after excison of the anorectalasaic

To maintain closure of the anal canal the pressaitien it must exceed the intrarectal
pressure. The normal mean resting pressure inlédsmathout anorectal disease is 56 to
74 mmHg (64 to 80 mmHg in healthy males).[23] best al (1989) measured

maximal anal basal pressure in 21 healthy sub{both with and without muscle
relaxation) and found that 55% of the resting press$s contributed by the internal
sphincter, 30% is due to external sphincter agtizitd the haemorrhoidal plexuses are
responsible for the remaining 15%.[24] Voluntaontraction of the external anal
sphincter prevents defaecation when it is incorsmmni Maximum squeeze pressures of
175 to 211 mmHg and 124 to 162 mmHg can be achigvedrmal males and females
respectively.[23] Faecal incontinence may theeeftgvelop when there is disruption of
the sphincter ring caused by obstetric trauma oedation of the muscle because of

neurological injury.

To allow evacuation the external anal sphinctertmelax along with the other striated
muscles of the pelvic floor. Widening of the arata angle is achieved by relaxation of
puborectalis. Uncoordinated relaxation of thessgtas with paradoxical contraction of
puborectalis or the external sphincter is seeherfunctional disorder, anismus, and is a

recognised cause of obstructed defaecation.[25]
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1.2 The composition of connective tissues

Connective tissues are the support cells whichigeoscaffolding for the body. Muscle,
bone, ligaments and tendons belong to this categong with any other tissue which
provides organ support. Stability is maintainecallyalance of cell synthesis by

fibroblasts and breakdown by proteinases.

Connective tissues consist of reticular, elastit @vilagen fibres surrounded by a
ground substance of proteoglycans and glycosamjnags. Collagen is the most
abundant component. It provides support, resistaméorce and tensile strength. The
triple helical structure of collagen was first pospd in 1954.[26] The molecule
consists of three helical chains of amino aciddwss ¢-polypeptide chains) which are
twisted into a triple helix and stabilised by hygea bonds. Every third amino acid
residue is glycine. The-polypeptide chains vary according to the typeaifagen.

Under polarised light collagen fibres can be segmossess a pattern of alternating light
and dark bands, this is formed by crimping of theefat an angle of 5 to 25 degrees.

This crimp pattern provides the "shock absorbesteay of collagen.[27]

1.2.1 Collagen types

Roman numerals are assigned to the collagen tygseddlon the chronology of their
discovery. Currently 29 types are recognised alghahe first five are most commonly
known. They can be classified further into fansilaecording to the way in which the
molecules assemble to form supporting structuibsofis, network, filamentous and

fibril-associated).[27] In fibrous collagen the lexules are aligned parallel to each
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other in an overlapping arrangement designed f-loearing. Examples of fibrous
collagen include the major types I, Il and Il &hé minor types V and IX.[27] Type |
collagen is most prominent throughout the body d@iresent in bone and tendon. Type
IIis found predominantly in cartilage while typé dollagen is largely found in the
vascular system and the skin. The network collagenm a mesh-like structure which

is present in basement membranes and thus faeditéiration e.g. in the glomeruli of

the kidney nephron (type 1V) and the cornea ofape (type VIII). [27, 28]

In addition to the alignment of the fibres, theaatf collagen types also reflects the
function of the tissue. Minor collagen types arerfd in association with the major
collagen types in most tissues. In the pelvicrfiypes | and Il predominate with a
contribution from type V.[29] The small, low stgth fibres of type V collagen are
found in smooth and skeletal muscle and in theguitec[28, 29] Type Il fibres also
have a smaller diameter and provide a degree sfi@tg, hence their importance in
blood vessels, whereas the larger type | fibre$eragreater mechanical strength.[29]
During wound healing after injury disorganised blesdf flexible type Ill fibres are
laid down initially but they are later replacedwsgll organised parallel type | fibres
which confer a greater tensile strength to the.BfJr Matrix metalloproteinases are the
zinc-dependent enzymes responsible for degradatioallagen during tissue

remodelling.[31]

The elastic fibre content of connective tissuewioies extensibility, the fibres can

double in length and still return to their origirsite.[32] They are comprised of
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amorphous elastin, which is made up of amino agsttues, on a framework of
microfibrils made of the protein, fibrillin. Elastfibres are found in large blood vessels,

some ligaments and in the skin and lungs.[32]

1.2.2 Measuring collagen

The identification of collagen within tissues israd out using several methods.
Histological stains are used to demonstrate catiagel elastin fibres which can then be
viewed using light microscopy.[28] The quantityaollagen in the specimen is
determined using computerised image analysis softaaby using a semi-quantitative
method in which a pathologist views the slides estimates the percentage of stained
collagen present. The commonly used special stainllagen and elastin include

Elastic Van Gieson, Masson's trichrome, Gomotithtome [33] and Verhoeff

elastic.[33]

Figure 2. Rectus sheath stained with Elastic Vame&on, collagen fibres stain pink-
red, elastin stains dark blue (from Connective tigschanges in rectal prolapse,
chapter 6)
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Figure 3. Bladder submucosa stained with Massotrishrome, collagen stains blue
and elastin stains red.[34]

Figure 4. Vaginal fascia stained with Gomori's tiirome, collagen stains green.[33]

Figure 5. Vaginal fascia stained with Verhoeff"slastic stain, elastin stains
black.[33]
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Table 1. Example of semi-quantitative pathology semg system used to quantify
connective tissue components after special stainifig3]

Connective tissue  Minimal Moderate High
components

Collagen 1 2 3
Elastin 1 2 3
Fibroblasts 1 2 3

Spectrophotometry may also be used to provide saeyas collagen when a tissue has

been stained with the dye, sirius red.[35]

Figure 6. External urethral sphincter and levat@ni muscle stained with sirius red,
collagen stains dark red. [36]

A hydroxyproline assay may also be used to deteztfia total amount of collagen in a
tissue sample. The amino acid, hydroxyprolinensagor component of the collagen
molecule (approximately 10%). [37] Hydroxylatiohgyoline requires vitamin C,
without it the collagen molecule looses stabilibgddhe effects of scurvy are seen.[31]
Hydrolysis of a biopsy specimen with an acid solugproduces hydrosylates which can
then be analysed for the presence of hydroxyproliffee amount of hydroxyproline
needs to be multiplied by a consistent number éwige an estimate of total collagen

content.[38]
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Collagen is an insoluble protein, it can be exgddtom other proteins by using pepsin
to digest the tissue. Individual collagen types ba distinguished due to the different
salt concentrations required for them to precipif{@9] Currently
immunohistochemistry techniques are most often eysul to isolate specific collagen
types. Monoclonal antibodies are used to detdajems present on collagen types | to
V and the intensity of the immunohistochemicalrsta@n again be estimated by a

pathologist or quantified using image analysisvsafe. [40-42]
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Figures 7 and 8. Immunohistochemical staining odxinal ligaments showing
collagen type | (7) and collagen type Il (8) [42]

1.2.3 Collagen and connective tissue diseases

Ten variants of Ehlers-Danlos syndrome have besarited but the genetic basis has
not been elucidated for all of the types.[43] Mas thought to be due to genetic
defects affecting collagen types |, lll and V. induals with type | Ehlers-Danlos
syndrome have hypermobile joints and thin, abndsneadtensible skin. A null allele
for the gene COL5A1 or COL5A2, inherited in an aaimal dominant fashion, is
responsible for 30% of cases of Ehlers-Danlos tygd] Structural defects in the

polypeptide chains of collagen type Ill encodedhrsy COL3A1 gene are responsible for
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the vascular Ehlers-Danlos (type IV) which is assted with spontaneous rupture of the

arteries, uterus and bowel.[44]

Marfan's syndrome is dominantly inherited and ctiarésed by tall stature and
hypermobile joints.[43] It occurs because of moted of the gene (chromosome 15g21)
that encodes for fibrillin-1, a major componenetdstic fibres.[45] The distribution of
fibrillin-1 throughout the major blood vessels ahd eye explains the propensity to

dilatation and dissection of the aorta and subloratf the lens of the eye.[45]

1.2.4 Collagen and Ageing

Intermolecular cross linking of collagen molecubesurs with age and produces tissue
changes which result in skin wrinkling, joint s#iffing, rigidity of tendons and bone and
alterations in the filtration properties of the k& and the elasticity of the vascular
system.[27] In mature collagen structures fibnlgh a large diameter and hence,
greater tensile strength, are uniformly distribubedhterspersed with some collagen
types with smaller fibril diameter to add flexilyli With biological ageing the fibril
diameter reduces in size and there is more lilkeelyeta bimodal distribution of both
large and small diameter fibrils which reducesdterall tissue strength.[46] The
waveform angle of the collagen crimp pattern atsweases with ageing. This reduces

the "shock absorber” properties of the collagenemde.[27]

The most important age-related change of collagenass linking. It involves two

distinct mechanisms. The first is an enzymatictiea that occurs during development
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of the immature collagen. The molecules are camaddey divalent cross links which
are then altered to more stable trivalent linksnlioig a strong network of collagen
fibres. The presence of a large proportion of lénelinks reflects the immaturity of the
collagen.[47] This is a normal part of the matinrabf collagen and it utilises the

enzyme, lysyl oxidase.[32]

The second reaction takes place following collageturation and is the major cause of
tissue deterioration with age.[32] Glucose is adethe collagen molecules
(“glycation”) in a random, non-enzymatic proce3sis is accelerated in diabetic
subjects due to the high levels of circulating gleez  Glycation occurs by chance and
the long biological half life of mature collagen kea it susceptible to this process. The
products of this reaction, advanced glycation emd pcts, form further intermolecular
cross links which reduce the ability of the collageolecules to form organised
aggregates and affect their interaction with otte#s.[32] This leads to a reduction in
the flexibility of the tissue and increases resiséato enzymatic breakdown leaving

“over mature” collagen which is brittle and moresseptible to damage.[29]

1.2.5 The connective tissues of the pelvic floor

A network of connective tissue structures abovenhscular pelvic floor provides an
additional suspensory system for the pelvic orgddsLancey (1992, 1999) studied
cadaveric pelves and surgical specimens to desitnibe levels of support for the
vagina which are relevant to the development ofip@rgan prolapse.[48, 49] The

endopelvic fascia surrounds the vagina and theexmation of this tissue posteriorly
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forms the rectovaginal septum. Superiorly theitasterges with the vertical fibres of
the cardinal and uterosacral ligament complex haitacthe upper vagina to the pelvic
walls (level I). The fascia of the middle thirdtbe vagina fuses laterally with the
bilateral aponeurotic arcus tendineus fasciae peliich in turn attach to the bony
pelvis (level 1) and the fascia surrounding thevdéo vagina attaches to the perineal body

and levator ani muscles (level III).

Historically clinicians and anatomists disagreedudlihe existence of a rectovaginal
septum because cadaveric studies could not alweagsmistrate the distinct layer
described by Gynaecologists. Milley (1969) condda study of human fetal and adult
tissues and concluded that the rectovaginal septasithe equivalent of the rectovesical
or Denonvilliers fascia in men, it is likely to wain consistency with age and parity.[50]
Richardson (1993) described the rectovaginal sepiimlayer of dense collagen,
elastin and smooth muscle cells which is subjespexific fascial defects which may

allow the herniation of the anterior rectum inte thagina forming a rectocele.[51]
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Figure 9. The three levels of connective tissugpart for the vagina.[48]
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1.3 Perineal Descent (PD)

Perineal descent is the abnormal ballooning opreneum below the bony outlet of the
pelvis. Itis seen at rest or during strainingwacuate the rectum [52] and it is now
considered to be a physical sign of connectiveiésgeakness. It is a common finding
in patients who present with pelvic floor dysfuoctiand up to 75% of patients with

faecal incontinence will have perineal descentxanenation.[53]

Figure 10. Perineal descent on clinical examinatio

Parks first described it in 1966 as the manifestadif a clinical condition - The

Syndrome of the Descending Perineum.[52] The ¢eaastactor was thought to be

excessive straining which over time led to perméas@etching of the pelvic floor
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tissues and descent of the perineum. Other syngpéssociated with the “syndrome”
included perineal pain, tenesmus and the passdgead and mucus per rectum.
Parks noted that the anal margin should normadlyulst below a line drawn between the
symphysis pubis and the coccyx.[52] In patienth WD the anal margin lies several
centimetres below this. Hardcastle and Parks {&#jonstrated this finding in 1970
using lateral pelvis X rays with the rectum outtin®y a barium-soaked sponge. This
method was also used to estimate the angle betiheeanal canal and rectum. Parks
emphasised the importance of the anorectal angt&intaining continence. As intra-
abdominal pressure increases the anterior rectalss@ampressed towards the upper
anal canal. This acts as a flap-valve and prewgefteecation.[52] The anorectal angle
becomes more obtuse when there is descent of theepm. Parks concluded that the
combination of rectal mucosal prolapse and disampdif the flap-valve mechanism was
the cause of faecal incontinence in patients widh Rlanagement was therefore aimed
at re-creating the anorectal angle with a postaeir with or without rectopexy to
correct the prolapse.[55] At this time surgicaliops for the treatment of idiopathic
faecal incontinence were limited but the long teesults of this anatomy-restoring
operation were disappointing [56-60] and althougbtanal repair may still have a part
to play in the management of incontinence otheraipns are now more commonly

undertaken.

In the 1980s the view that PD was part of a synérbegan to change. Faecal

incontinence in a patient without anal sphincterution to account for it was labeled

“idiopathic”. Kiff (1984) used transrectal pudehdarve terminal motor latency
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(PNTML) measurements to demonstrate a delay inwdiah in the distal part of the
pudendal nerve in patients with idiopathic faeoabntinence. This supported the theory
of a neurogenic basis for this condition.[61] Tieeve entrapment hypothesis posed a
possible explanation for the link between PD arstéhincontinence. Henry (1982)
found that external anal sphincter biopsies frotrepés with PD showed evidence of
muscle fibre hypertrophy. This is a compensatbiange seen when partial denervation
of the muscle has occurred.[62] An abnormal twatiogetre descent of the perineum
can stretch the pudendal nerve by 20% causing rpathy which may lead to

sphincter muscle weakness and therefore to faecahtinence.[62] Several studies
concur with the nerve entrapment theory and showarielation between the presence of
PD and pudendal neuropathy [63-65]. They all BE@ML measurement and a simple
mechanical means of measuring PD — the St Markisgmmeter. Jorge et al (1993)
used a different method of descent measuremerdddating proctography) in their
study of 213 patients. They did not find a sigrafit correlation between PD and

prolonged PNTML.[66]

The role of PD as a causative factor in idiopataecal incontinence has been disputed
because this sign is not always seen in associafibrthe condition. Snooks (1985)
explored the innervation of the puborectalis anal anal sphincter muscles in
groups of patients with idiopathic faecal incontioe alone and in combination with
rectal prolapse. Ten of the twelve patients withlgpse had evidence of PD but in the
group of 20 patients with incontinence but no ppskaeight did not have any

demonstrable PD.[67] Long standing constipatiomosconsistently associated with
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PD.[68, 69] Harewood et al (1999) reviewed thecfmgrams of 39 patients presenting
over a decade, they noted the correlation betweepresence of PD and a history of
excessive straining but 22% of the patients widodiers of evacuation did not have

radiological evidence of PD.[70]

Although as previously stated PD is a common figdmpatients with pelvic floor
disorders, [53] we do not know exactly how it rekato clinical symptoms. Broekhius
(2010) assessed a group of women with urogynaeicalogrolapse. PD was diagnosed
using supine magnetic resonance imaging. Patieatsl to have PD did not report an
increased incidence of faecal or urinary incontagealthough there was a positive

correlation between the degree of PD and prolaps@teoms.[71]

1.3.1 Measurement of perineal descent

Mechanical method

The St Mark’s perineometer is a simple device ectaty Henry in 1982.[62] It
comprises a graduated latex cylinder which moveslyrwithin a steel frame. The two
vertical limbs of the frame are placed againstisichial tuberosities with the patient
lying in the left lateral position. The centraliogler is placed against the perineal skin
and movement of the perineum in relation to thhia@duberosities is recorded using a

centimetre scale on the central cylinder.
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Figure 11. St Mark’s perineometer

Henry measured PD in a group of 103 asymptomatitrabsubjects.[62] The
perineum was found to lie a mean of 2.5cm aboveuberosities at rest and 0.9cm
above during a straining effort. In 20 patienthwalinical evidence of PD the perineum
was found to be 2cm above the tuberosities atwest descended to 1.2cm below the

level of the tuberosities on straining.

The St Mark’s perineometer is a safe and portabléce. Importantly it does not

involve radiation. There are however, some drakbassociated with this mode of

measurement. Oettle et al (1985) showed thatdhaegometer underestimated pelvic
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floor movement by up to 60%.[72] This study incddd21 patients (16 had a diagnosis
of irritable bowel syndrome and 5 were patientsrating the surgical outpatient clinic),
PD was measured using the perineometer and prapiogr Movement of the pelvic
floor, as represented by the anorectal angle latioa to the pubococcygeal line was
measured using the proctogram images. Abnormakdésvas defined as movement
greater than 3cm. The mean radiological measurews2.9cm compared to 1.2cm
measured using the perineometer. The perineometge is used with the patient
lying on the left side which is not the physiolagiposition adopted for defaecation and
it may be difficult to apply the findings in thi®gition to the clinical situation. The
thickness of the subcutaneous tissue overlyingsttigal spines and the degree of
pressure applied to the perineometer frame by pleeabor may also affect the accuracy

of measurements.[72]

Radiological

Presently the “gold standard” method for measuRBygis defaecating proctography
[72]. As previously mentioned Parks and Hardcas#ee able to gain some information
from plain lateral x rays of the pelvis.[54] Thea&canal and rectum were outlined
using a barium-soaked sponge. A line was drawwest the pubic bone and the tip of
the coccykx, this is the pubococcygeal line anaitelates with the position of the
levator ani muscles. The anorectal angle is the lagiween the anal canal and the distal
posterior rectal wall. Radiographs were takerest and during contraction of the pelvic
floor, a line was drawn between the anorectal aagtethe pubococcygeal line and the

increase in this distance on contraction correspéndescent of the perineum.
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AT REST

STRAIN

Figure 12. Perineal descent measurement using peidncygeal reference line on
proctography images.[72]

Wallden first described a dynamic means of visuadishe phases of defaecation in
1952 during his study of the deep rectovaginal pdd8] Following this Burhenne
published an intestinal evacuation study in 1964.[The technique was used as a
research tool in the assessment of conditions asicactal prolapse [75] but it did not

find favour as a clinical investigation until th880s.[76-78]

A barium paste of stool consistency (150ml of bardiluted in 400ml of water) is
injected via a catheter into the rectum; the inggcts continued on withdrawal to
outline the anal canal. A barium-soaked gauze ssmalbe placed in the vagina and the

bladder may be outlined with contrast medium ireotd assess movement in the
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anterior compartments of the pelvic floor. Thegmttis positioned on a modified
commode seat which is placed on the foot resttitirzag radiography examination table.
The patient voids the barium paste into a radiolticeceptacle while lateral views are
recorded with the aid of fluroscopy using a videmera.[76, 77] The
cinedefaecography examination will show the norstafjes of defaecation including
widening of the anorectal angle, relaxation ofpleorectalis sling, opening of the anal
canal and evacuation.[76] The technique is nowl ugatinely to aid the diagnosis of
pelvic floor disorders such as rectal prolapseiatgssusception, rectocele, enterocele

and anismus.

The radiological reference points used when meagu®D with proctography vary
widely and this is one disadvantage of its usee Miost commonly used method
continues to be the vertical distance between tlogegtal angle and the pubococcygeal
line. A measurement greater than three centimetresnsidered abnormal.[66] By
including the bony landmarks of the pubis and sadte image field needs to be
relatively wide, this can increase radiographicegia the lower half of the image and
this may adversely affect quality. Movement of #merectal angle in relation to fixed
landmarks other than the pubococcygeal line camskd to avoid this problem,

examples include the ischial tuberosities [79] thedtop of the commode seat.[80]

The anorectal angle can be measured in two diffevags; by either using the angle

formed by the longitudinal axis of the anal carad a line drawn parallel to the distal

half of the posterior wall of the rectum or theddndinal axis of both the anal canal and
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the rectum. Felt-Bersma (1990) found that the farmethod gave a more acute
anorectal angle.[81] The puborectalis sling indehée rectal wall posteriorly to create
the anorectal angle therefore using this method seayn more suitable.[76, 82] Choi’'s
(2000) study of 135 patients using five observetsti both methods to be a reliable
way to measure PD but there were statistical diffees between the two sets of
measurements so it was concluded that a singleeceimbuld consistently use the same
method.[83] The anorectal angle is at the prokend of the anal canal. The anal
verge is at the distal end and it is movementiatdtea that is measured by the
perineometer. During normal defaecation the aaadkshortens as the pelvic floor
descends, this means there is greater movemedrd el of the anorectal angle than at
the anal verge. This may contribute to the undienesion of descent when the

perineometer is used.[72]

Although proctography is carried out in the physgtal sitting position it is possible
that the effect of gravity exaggerates findingseegly if the patient is incontinent.[84]
The fact that some patients may find this intimetamination to be unpleasant is also a

significant disadvantage.

Jorge et al reviewed the clinical applicationsiobdefaecography in 2001.[84] They

commented on the wide range of normal values f@ptrameters commonly measured
using proctograms- anorectal angle, PD and pulkaied¢ngth. This is due to variation
in technique. They concluded that the change iasmements at rest and on straining

in individual patients was more useful than congariof absolute values to ‘normal’
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controls. In some patients, especially the elde¢nigre is significant PD at rest but no
increase in descent on straining (“fixed incregsetheal descent”).[84] This may

represent a permanently stretched pelvic floor wahresidual elasticity.

It is difficult to define the appearances of a ‘mat” proctogram. Most defaecography
studies have included only small numbers of asympt@ controls because of the
ethical issues involved with irradiating the normalvis. In some cases a control series
has been extrapolated by selecting out normal essusfi symptomatic patients.[85]
Shorvon provided the only study of defaecographyarmal subjects in 1989.[86]
Findings that were previously considered to be @atfical such as rectocele were
demonstrated in the 47 asymptomatic volunteersa-lnectal intussusception was seen
in 50% of the recruits (10 of the 20 nulliparoasfiles and 12 of the 24 males). A
rectocele was present in 17 females (81%) and ita$6s was greater than 1cm in

depth. It was a less frequent finding in the nvalleinteers (3 cases, 13%). [86]

In 1965 Devadhar first proposed the theory of lentassusception as the precursor for
full rectal prolapse and a "reversed intussuscepsargical procedure to treat this
finding.[87] This was supported by a dynamic cattography study by Broden and
Snellman in 1968.[88] Later (Mellgren 1997, Ch602) follow-up defaecography
studies of patients with recto-rectal intussusceptailed to show progression to
external rectal prolapse in significant numberpatients although the follow-up periods

where relatively short (one year and 45 monthsaesgely).[89, 90]
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Rectal intussusception is often noted during tleefmgraphy examinations of patients
with both obstructed defaecation and faecal ino@mte. The severity of the
intussusception may be graded according to theiposif the lowest extent of the
prolapse. Shorvon (1989) used a seven stage pgscrand later Wijffels (2009)
introduced the Oxford radiological grading systesmerised of four stages with a fifth

to denote external rectal prolapse.[91]

Table 2. The Oxford radiological grading of rectalprolapse system [91]

Grade of Rectal Prolapse| Radiological Features

Intra-Rectal

I Descends to proximal limit of rectocele

Il Descends into level of rectocele

Intra-Anal

1] Descends onto anal sphincter / anal
canal

\Y Descends into anal sphincter / anal canal

Rectal Prolapse

V | Protrudes from anus

Low grade intussusception is generally treated esasively but opinion varies
regarding the treatment of high grade intussusoegrades Il and 1V) with some
centres favouring an operation designed to repaiafl prolapse. The advent of
autonomic nerve-sparing surgery (laparoscopic aeéniesh rectopexy) has led to an
increase in operative intervention for high gragigal intussusception.[92] Pomerri
(2001) [93] and Dvorkin (2005) [94] sought to expléhe presence of rectal
intussusception in asymptomatic individuals by fsgimg that the thickness of the
prolapsing rectal wall was greater in those witimgioms of obstructed defaecation.

Returning to the theory of the natural progressibimtussusception the large Oxford
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study (Wijffels, 2009) found a positive associat@tween increasing age and
intussusception grade supporting the view thassusception becomes prolapse with

time.[91]

Like rectal intussusception the formation of aoeete may be associated with
symptoms of incomplete or obstructed defaecatiahthe need to digitate to aid
evacuation.[95] Deficiency of the rectovaginaldiasallows the rectum to bulge
forwards into the posterior wall of the vaginao@tmay enter the rectocele rather than
the anal canal during defaecation giving the patiem sensation of a bulge anteriorly
which is difficult to evacuate without strainingaginal digitation and frequent return
visits to the toilet. Post-defaecatory soiling nadso occur due to trapping of stool in
the rectocele which can leak out following defamrat Collinson et al (2008) found a
high incidence of rectocele and rectal intussuseepbgether in a study of patients with
faecal incontinence (35 out of 40 patients witlke@acele also had intussusception).[96]
This combination was less frequent (33%) in pasi@vith obstructed defaecation in the
study by Thompson in 2002.[97] An enterocele mayse external compression of the
rectum and contribute to obstructed defaecatiorpsyms. Over half of the patients
with an enterocele in Mellgren's study in 1994 dlad intussusception and 38% had a
concurrent rectal prolapse.[98] Weakening of thlip organ connective tissue
supports may be an aetiology common to all of tteva mentioned proctographic
findings but the exact injuries which lead to tleelopment of certain conditions or

combinations of conditions remain unknown.
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1.2.2 The history of pelvic floor physiology

A variety of clinical tests are now available ts@ss pelvic floor structure and function.
They are used in conjunction with physical examamaand history taking to identify
contributing factors, to allow comparison before after intervention and to predict the
progression of symptoms. The development of asalrpbysiology studies and
imaging has contributed greatly to our current ust@ading of pelvic floor physiology
and although these tests are not without limitaticey are now used routinely to help

select appropriate treatment options for patients.

Anorectal physiology studies usually include anahametry, endoanal ultrasonography
and an assessment of pudendal nerve functionallyithe latter was provided by
PNTML measurement and although it continues todselun many centres the results
do not influence the choice of treatment for fa@eabntinence and PNTML is not a
reliable predictor of outcome after surgical intawtion to repair sphincter injury.[99]
The external anal sphincter (supplied by the pudkenerve) is responsible for the
voluntary squeeze pressure generated during amadmetry. Squeeze pressures should
therefore be reduced in the presence of pudendabpathy; but PNTML has not been
found to correlate consistently with anal manomgtf0-103] Bilateral neuropathy was
associated with reduced squeeze pressures ineadarigs of 2067 patients (Hill 2002)
with faecal incontinence, however only 11% of thpagents were found to have
bilateral neuropathy using PNTML.[104] The measugat represents the speed of
conduction in the fastest motor nerve fibres supplyhe anal sphincter muscle, if some

of these fibres are intact the measurement mayragnto be normal even in the

54



presence of neuropathy. [105] The technique isatpedependent and relies on close
approximation between the measuring probe andublenglal nerve as it curves around
the ischial spine to enter the pudendal canalgl8ifibre electromyography (EMG) may
give more relevant results because it measureshtmacteristics of the muscle action

potential, it is however, more invasive and camlifigcult to perform.[106]

Before the advent of endoanal ultrasonography tiefe¢he anal sphincter complex
were diagnosed by using EMG to distinguish betwemmal muscle and scar tissue.
Extensive work using both single fibre and condenteedle EMG in the 1970s and
1980s played a vital role in delineating our curnemderstanding of the normal
neuromuscular activity of the anal canal. [107,]108e EMG needle records the
amplitude and duration of action potentials geresrdty a motor unit. In the resting
state there is tonic activity in the muscle, tha\aty increases on coughing and
decreases when the sphincter relaxes. Denenvajioy can therefore be detected by
EMG; when the muscle has been denervated thereiregease in the number of
muscle fibres supplied by a single nerve (increasedn fibre density). This is due to
denervated muscle becoming re-innervated by arcadfaerve and this can be

demonstrated in patients with faecal incontined€®€] 110]

The use of endoanal ultrasonography was first teddsy Law and Bartram in 1989
[111], it has superseded EMG in the assessmemthiricter defects mainly because it is
better tolerated by patients and easier to perfoFhe specificity and sensitivity reaches

100% for the diagnosis of external sphincter defacid 100% and 96% respectively for
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those of the internal sphincter.[112] Although ENGhow not routinely used to assess
sphincter defects it still has a role to play ia ttemonstration of pelvic floor

dyssynergia and the diagnosis of anismus.[113]

Three dimensional ultrasound imaging was firstadtrced in 1999. [114] The four
distinct tissue layers of the anal canal, the sibelum, internal sphincter, longitudinal
muscle and external sphincter, can be demonstrateaddition to clarifying our
understanding of anal canal structure endoanaladtrography was also used to
determine the different anatomy of the female eeksphincter. Initially anterior
sphincter defects were over diagnosed but we nawkhat the anterior external
sphincter is shorter in women and only presenthéid to lower portion of the anal

canal.[11, 115]

Imaging modalities such as ultrasonography andtpgoaphy provide a structural
assessment of anatomy but this may not refleduthetional activity of the pelvic floor.
Manometry was developed to investigate the funabiothe oesophageal sphincter, it
was first used in the anorectum by Hill et al ir6@9116] Anal manometry is

performed using an air or water filled balloon olid state micro transducer connected
to a pressure transducer. The balloon cathetesésted via the anus into the lower
rectum and withdrawn (the pull through techniquejhat the anal canal pressure can be
recorded at one centimetre intervals in relatiositioer the rectal or atmospheric
pressure.[117] The main parameters measured ae rasting and squeeze pressures

but the technique is also used to detect the pcesamnabsence of the recto-anal
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inhibitory reflex and to measure the length of 'thumctional anal canal" that is, the high
pressure zone.[118] The development of anal matrgmas paramount in defining the
functions of the internal and external sphinctesabes by determining their
contribution to the resting and squeeze pressudrg®@nal canal.[24] In addition the
use of ambulatory manometry has shown the varigtodmnal canal pressure
throughout the day and the changes in activitytedlto "anal sampling".[119] Patients
with faecal incontinence are expected to have lonean resting and squeeze pressures
but this is not always the case. In Felt-Bersmsiaidy of 350 (178 incontinent) patients
in 1990 28% of the incontinent group had normal omaetry values.[120] McHugh et
al (1987) studied a group of 143 incontinent pasiexmd found resting and squeeze
pressures within the normal range in 39% of femates44% of males.[121]
Preoperative manometry results do not correlatle thi¢ clinical outcome after anterior
sphincter repair and therefore cannot predict whiatents will have a good functional

result. [120, 122]

1.2.3 Patient selection for treatment

Faecal incontinence

Traditionally the treatment of an external analispter defect would involve either
sphincter repair or creation of a neosphinctenc&the introduction of sacral
neuromodulation in 1992 this approach has chan@éeé. mechanism of action of sacral
nerve stimulation (SNS) is unknown, the benefieféct on faecal incontinence was
discovered during a trial of its use in urinary fdygtion.[123] Initially sacral

neuromodulation was used in cases of idiopathicald@acontinence with reduced mean
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squeeze pressures but intact sphincters but the af@han et al (2008) [124] has
shown a benefit in patients who have an unrepapdihcter defect which has led to a
reduction in the number of sphincteroplasties peréal and the more complex, higher
morbidity neosphincter procedures are now rarebesgary. The main limitation of
sacral neuromodulation is the financial cost buigbeeral nerve evaluation test
stimulation has a low morbidity risk and althougthisicter repair is still offered in
certain cases SNS has now become the first lia¢nent for faecal incontinence (after
simple conservative measures). A clinical trialkamm et al (2010) found that 39 of
45 patients (87%) with chronic constipation impgdvfollowing SNS treatment, with an
increase in the frequency of evacuations from @ 8.6 times per week. Sacral
neuromodulation is therefore likely to play a sfgaint role in the treatment of chronic

constipation in the future.[125]

Internal anal sphincter dysfunction, demonstratedelduced mean resting pressures or a
defect on ultrasound imaging, and associated vatisipe faecal leakage may be
managed using sphincter bulking implants.[126] Hifite emergence of laparoscopic
ventral mesh rectopexy in the last decade somitutigshs have focused on correcting
high grade rectal intussusception, diagnosed ragiicdlly, in order to improve the

symptoms of faecal incontinence.[127]
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Obstructed defaecation

Proctography, anal manometry and colonic transdiss are used in conjunction with
clinical assessment to distinguish chronic contibparom obstructed or difficult
defaecation. The main surgical approach to obstdudefaecation involves correction
of anatomical "abnormalities” demonstrated usirgcfrgraphy. Laparoscopic ventral
mesh rectopexy and stapled transanal resectidreokttum are used to treat rectal
prolapse, rectal intussusception, rectocele, ecédgaand perineal descent.
Proctography provides a dynamic assessment of cifag function and, in
combination with anorectal physiology studiessiain important part of the
investigation of the patient with pelvic floor dysiction, however, we cannot presume
that isolated anatomical defects (which have atenlilemonstrated in asymptomatic

individuals) are the sole cause of the pelvic flpathology.

Pelvic floor dysfunction arises because of a glahsult to the muscles, nerves and
connective tissues of the pelvic floor often in dmmation with psychological issues
[128] therefore the "snap shot" provided by invgeiions such as proctography may not
be reliable in explaining the underlying aetiologdthough the surgical correction of
anatomical defects may have a role to play ins&tinent of pelvic floor dysfunction it

may not guarantee the resolution of all clinicahgyoms.
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1.3 Joint hypermobility

1.3.1 Introduction

In 1967 Kirk defined the Hypermobility Syndromeasondition of articular laxity
associated with other symptoms.[129] In additmexcessively mobile joints affected
patients were prone to orthopaedic complicatiomscamgenital dislocation of the
hip.[130] It is now clear that the syndrome isoasated with conditions unrelated to the
musculoskeletal system including a propensity teettg varicose veins, herniae, skin
abnormalities and pelvic organ prolapse.[131] Tosild suggest that joint
hypermobility is part of a more generalised conivedissue abnormality. The
condition is now more commonly referred to as tle@miBn Joint Hypermobility

Syndrome (BJHS).[131]

The mobility of a joint is determined by severaittas. These include the shape of the
bony articulating surfaces, the neuromuscular toakagen structure and differences in
proprioception.[43] Poor knee joint proprioceptitais been demonstrated in female
patients with BJHS.[132] This deficit in sensoegfiback may allow the subject to
adopt biomechanically unsound joint positions.[1¥&}ysiotherapy which enhances

proprioception may be used for symptom control paid relief.

1.3.2 Epidemiology

An hypermobile joint has a range of movement alibaeof the norm. This can be

difficult to establish as joint mobility varies awding to age, gender and race.[133]
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Joints on the dominant side of the body are ledsilmthan the non-dominant, less
frequently used side [7, 8]. It is important tstdiguish between the presence of
excessively mobile joints in a ‘normal’ person dhd less common BJHS with its

associated co-morbidity. The prevalence of BJH8lgown.

Asian and African groups have a wider range oftjoiovement than Caucasians.
Harris et al (1949) studied the variation in exten®f the thumb joints in a group of
University staff and students comprising Europdadian and West African nationals.
The Indian subjects were found to have a strikinifitg to extend both joints of the
thumb in comparison to Africans and Europeans efsdime age and sex.[134] Certain
geographical locations have a particular predonueani joint laxity. A survey of 1774
Iragi University students in 1981 found the prewakeof hypermobility to be 25.4% in
males and 38.5% in females.[135] Hippocrates ntitedinstable elbows of the
Scythian people in théh4Century BC. This “flabbiness and atony” limitdekir ability

to fire bows and throw javelins, the Scythiansdiwe the region of the Caspian Sea.[43,

136]

Many studies have attempted to determine the peaeealof hypermobility. A degree of
population bias is present in the studies that lsalected patients referred to
Orthopaedic or Rheumatology outpatient clinics ®@atter and Wilkinson (1964) found
that 7% of English school children had more thaeetypermobile joints [130] and in
1981 Jessee et al examined 637 healthy adult Aarebood donors, 4.9% met the

criteria for hypermobility.[137] Joint laxity is @ne common in younger age groups,
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mobility decreases rapidly throughout childhood aadtinues to decrease during adult
life.[133] Approximately 10-20% of the adult poptibn have more than one
hypermobile joint.[138] Females have a greatgreke of joint laxity than males.[7, 9-
11] This is prominent at menarche [139], duringgmancy and for several months post

partum [140]. This is likely to be related to amonal contribution.

Joint hypermobility does convey an advantage inesaativities; there is a higher
prevalence amongst gymnasts, ballet dancers [Ill¢@rtain musicians.[142]

Flexibility can be increased further by alteringimremuscular tone through training.[43]

1.3.3 Heritable connective tissue diseases

There is a degree of overlap between BJHS ancetingus heritable connective tissue
diseases. Unlike BJHS these conditions are agedondth pathological sequelae.
Hypermobility is a feature that is common to thdm @here are ten variants of the
Ehlers-Danlos Syndrome. Before BJHS was recograsatiseparate entity it was
considered to be Ehlers-Danlos Type Il — the betigpermobility type.[138] The
categorisation of BJHS remains contentious. GrahamdeBird’s 1999 survey of 319
Consultant members of the British Society of Rhetotogists found that 9% considered
BJHS and Ehlers- Danlos Type Il to be one andsdrae condition.[143] To add
further difficulty to the diagnostic process thedlsclerae seen in Osteogenesis
Imperfecta and the tall, thin habitus of Marfanig;i@8rome are also seen in some

patients with BJHS.[43]
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1.3.4 Genetic basis

Unlike Ehlers- Danlos Syndrome, Marfan’s and Oste@gis Imperfecta, the genetic
basis of BJHS is unknown. Work in this area mayirbéed by the benign (in terms of
mortality) nature of this condition. The distrimrnt of BJHS amongst families points
towards an autosomal dominant pattern of inherégdfhd4] The twin study carried out
by Hakim et al in 2004 estimated that 70% of thetjbypermobility phenotype can be

attributed to genetic factors.[145]

Genetic mutations resulting in type V collagen abmadities are found in 30 to 50% of
individuals with classic Ehlers-Danlos Syndromejclhwould suggest other genes
must be involved in the pathogenesis.[146] TemaXds a large glycoprotein found in
the extracellular matrix of connective tissue.alstudy of 151 patients with Ehlers
Danlos Syndrome (Schalkwijk 2001) five were fouadhaive a complete tenascin-X
deficiency. These patients predominantly had hypédility with skin fragility and easy
bruising.[146] It is therefore possible that akia¢ tenascin-X contributes to the
development of joint laxity in BJHS. Haploinsuféacy of tenascin-X has also been

found in patients with BJHS.[147]

1.3.5 Diagnosis

The main aim of the assessment of patients witlt Jakity is to identify those with a
potentially life-threatening connective tissue di&y. A detailed family history is

essential. Molecular genetic analysis can be pad to look for the fibrillin-1
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mutations seen in Marfan’s Syndrome. Skin bioparesused to make the diagnosis of
Osteogenesis Imperfecta and Ehlers-Danlos Syndvdmee abnormalities of collagen
types | and Il /V are seen respectively. Thebedatory investigations are used in
conjunction with the criteria outlined in the Ghéktarfan’s) and Villefranche (Ehlers

Danlos Syndrome) nosology.

The Beighton Scoring System consists of a seriesasfoeuvres designed to identify
generalised hypermobility.[133] It was established973 and is based on a similar
system used by Carter and Wilkinson in 1964.[180core of four out of nine is

considered to be suggestive of hypermobility.
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Table 3. The Beighton scoring system [133]

RIGHT |LEFT
1. Forward flexion of trunk with knees
straight and palms on floor 1
2. Hyperextension of elbow tel 0° 1 1
3. Hyperextension of knee ¥10° 1 1
4. Opposition of thumb to volar aspegtl 1
of ipsilateral forearm
5. Passive dorsiflexion of
metacarpophalangeal joint80° 1 1
Maximum Total 9

Figure 13. The Beighton score manoeuvres
(reproduced from Arthritis Research Campaign infoation booklet - Joint
hypermobility)
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Although this scoring system is quick and simpl@éoform it may miss hypermobility

in some individuals as not all joints are assessed. not possible to diagnose the BJHS
using the Beighton score alone. The Revised (Brigh998) Criteria [131] uses a
Beighton score of 4 out of 9 in association witthealgia and other symptoms to make
the diagnosis. It is interesting to note that BJHS/ be diagnosed when only a single

lax joint is present.

Table 4. The 1998 Brighton revised diagnostic criteria for Bnign Joint
Hypermobility Syndrome [131]

Major Criteria

1. Beighton score: 4/9 (currently or historically)

2. Arthralgia for > 3 months i 4 joints

Minor Criteria

[

. Beighton score 1, 2 or 3/9 (0, 1, 2 or 3 if aged+5@ears)

N

. Arthralgia & 3 months) in 1-3 joints or back pain 3 months), spondylosis

spondylolysis or spondylolisthesis

w

. Dislocation / subluxation in > 1 joint or in 1 jéion more than 1 occasion

4. Soft tissue rheumatism 3 lesions

o

Marfanoid habitus

6. Abnormal skin: striae, hyperextensibility, papyrags scarring, thin skin

~

Eye signs: myopia, drooping eye lids or anti-mongbtlant

8. Varicose veins or herniae or uteriheectal prolapse
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The diagnosis of BJHS is made in the presence @htajor criteria or one major and
two minor criteria or four minor criteria. (Two nor criteria will be accepted if a first

degree relative is affected).

Hakim and Grahame (2003) developed a screenindigoeaire which can be used in a
clinical setting to assess patients with musculies&keproblems. One advantage of the
guestionnaire is that it will identify a past hist@f joint laxity which has resolved with
age. If two or more responses are positive hypbilihois present with a sensitivity of

80-85% and a specificity of 80-90%.[148]

1. Can you now or could you ever place your handficthe floor without bending

your knees?

2. Can you now or could you ever bend your thumltwh your forearm?

3. As a child could you contort your body or couldiyao the splits?

4. As a child or teenager did your shoulder or knpetislocate on one or more

occasion/

5. Do you consider yourself to be double-jointed?

Figure 14. Questionnaire to detect hypermobility4d]

1.3.6 Associated symptoms

The commonest presenting symptom in patients witH8is musculoskeletal
pain.[138] Management comprises supportive, symptc care and reassurance.
Affected individuals may become dissatisfied withdital professionals because of

diagnostic delay but they may also have psychoddgimblems unrelated to this.
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Anxiety, fatigue and panic disorder are all seeadsociation with BJHS.[149] These
features and other apparently non-specific symptunh as fainting, shortness of
breath, palpitations and gastrointestinal distuckasan be attributed to autonomic
disturbance which is now known to occur with BJHZazit et al (2003) found that 60%
of BJHS patients experience these symptoms.[150&llSarly studies found an
increased incidence of mitral valve prolapse ingoas with BJHS [151-153] however
Mishra carried out an echocardiographic study i@61@hich found no significant
increased incidence of mitral valve prolapse ambtigshypermobile subjects. The
serious aortic complications seen in Marfan’s sgnu¥ were not found.[154] Mitral
valve prolapse can give rise to symptoms of pdipitashortness of breath and fainting
which, as previously noted can occur in BJHS pé#dianth autodysnomia.[149]
Although there is no increased cardiovascularasdociated with BJHS one published

study has shown an increased prevalence of asthdhliag collapse.[155]

Ehlers-Danlos Syndrome is associated with theaidevere obstetric complications
including antepartum haemorrhage, miscarriage atehsive perineal laceration.[156]
These problems are not commonly seen in pregnamianavith BJHS but they may

experience premature rupture of the membranesagd, iprecipitous deliveries.[43]

A lack of local anaesthetic efficacy has been diesdranecdotally in patients with
BJHS. The Danish group Arendt-Nielsen et al loo&edight Ehlers-Danlos Syndrome
type Il patients (as noted previously this coraditis now deemed to be identical to

BJHS). Topical anaesthesia did not provide cutas@malgesia in the Ehlers-Danlos
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Syndrome patients, infiltration of lignocaine dicbgduce anaesthesia but the effect was
short-lived compared to controls.[157] This isgibk/ due to increased vascular uptake
of the anaesthetic solution or rapid dispersaheabnormal cutaneous connective
tissue. Some authorities have suggested the ws&0&l anaesthetic test or a
guestionnaire to identify previous local anaesthiilures to help make the diagnosis of

BJHS.[158]

The presence of varicose veins and herniae anededlas minor criteria in the Brighton
diagnostic system.[131] In the study of Iraqi Wssity students varicose veins were
seen more frequently in the hypermobile group aafigin those subjects with the

highest Beighton scores. [135]

1.4 Joint hypermobility and pelvic floor dysfunction

There is a small body of work which has examinedréfationship between generalised
joint hypermobility and the clinical problems assbed with pelvic floor dysfunction.
Urogenital prolapse is the most common indicatmmhfysterectomy in women over the
age of 50 years.[159] The degree of prolapse eastdged using the Pelvic Organ
Prolapse-Quantification system.[160] Like joinplymobility, the prevalence of pelvic
organ prolapse varies according to ethnic backgt@nu age.[161] The large Women'’s
Health Initiative Hormone Replacement Therapy Chihtrial found a degree of
prolapse was present in approximately 40% of fesndlé1l] The pathogenesis of
prolapse is likely to be multifactorial. Contrilng factors include pregnancy and

vaginal delivery, ageing and the menopause andqug\elvic surgery [162] but up to
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2% of young nulliparous women also have prolapggessting the presence of an
underlying connective tissue deficiency.[163] Fenpmtients with Marfan’s syndrome

and Ehlers-Danlos Syndrome have high rates of pehgan prolapse.[164]

Connective tissue changes have been identifiecomen with urogenital prolapse using
both histology and immunohistochemistry techniquies1996 Jackson et al found a
reduced amount of total collagen in the vaginalheghial tissue of young women with
pelvic organ prolapse.[38] This was associatetl gieater matrix metalloproteinase
activity suggesting an increase in collagenolysisvelve studies of collagen analysis
have been carried out since the year 1987.[3338%40-42, 165-170] A review article
by Kerkhof (2009) summarised the findings of theselies.[29] The data are
conflicting due to marked variation in biopsy sated analysis technique but Kerkhof
concluded that they were supportive of the theooppsed by Jackson. The total elastin
content was similar in patients with and withoutlppse in the Jackson study but other
groups have shown a reduction in elastin contetftartissues of women with pelvic
organ prolapse.[42, 171] Jackson found a higheceatration of divalent collagen
cross links and advanced glycation end-productissne from the prolapse group.[38]
This suggests a propensity for immature easily a#ept collagen and vulnerable “over
mature” collagen in women with urogenital prolapgdthough Jackson found no
difference in collagen type ratios, other work Baewn an increase in type Il collagen

[33, 170] with or without a decrease in the strartgpe | content.[169]
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Al-Rawi was the first to report the connection beén genital prolapse and joint
hypermobility in 1982. The study included 76 feenphtients with genital prolapse and
the same number of age and parity-matched contdaist mobility was assessed using
the Beighton score. In the prolapse group 66%atiepts were found to have
hypermobile joints compared to 18% of the contrdibe prolapse group also

complained more frequently of joint pain. [172]

Using different criteria to grade hypermobilityi895 Norton et al found that 39 of 108
consecutive women attending a gynaecology outpgatlanc had evidence of
hypermobility. These patients were significantlgrmlikely to report symptoms of

urogenital prolapse.[173]

A single published study has shown a positive aagon between joint hypermobility
and rectal prolapse. This included 25 patients dmbundergone surgical repair of a
complete rectal prolapse. Hypermobility was assgfy measuring maximum
extension of the fifth finger only.[174] Beightneviously found a positive
relationship between mobility score and flexibilitiythis particular joint.[133] It may
therefore be possible to use this joint assessailent to predict generalised

hypermobility.[174]

In 2007 Jha et al recruited female patients withl8drom Rheumatology outpatient

clinics and used questionnaires to determine thegbence of faecal and urinary

incontinence. Both conditions occurred more comignonthe BJHS group (23% of
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BJHS patients complained of faecal incontinencepamed to none of the
controls).[175] Arunkalaivanan confirmed thesedlfirgs in a larger study of female

members of the Hypermobility Syndrome Associatio2009.[176]

1.5 Aims of the study

1. A novel device for the measurement of perinediescent

The established mechanical method for PD measuthenperineometer) is
inaccurate compared to the gold standard of defimggaroctography. PD may be
underestimated by the perineometer because ohpatiee and variations in operator
technique. Proctography is currently considerdoetthe best method available to
measure PD but the effect of gravity and the déiféianatomical sites used to represent

the perineum may contribute to overestimation cicdat.

The primary aim of this study was to develop a megchanical device that could be
used to measure PD in the other parts of this relseeork thus avoiding the use of
radiation. The device comprises a modified commanttlaser distance measurer. If
found to be accurate and reproducible the mechlashéséce could be used both as a
research tool during the other parts of this prtogea clinically in the future to assess

pelvic floor movement.
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2. The relationship between perineal descent andipt hypermobility

This study aims to determine whether PD can berdfestation of a generalised
connective tissue disorder rather than the conseguef childbirth trauma or straining
to defaecate. A positive correlation between P®jamt hypermobility would support
the theory that connective tissue abnormality ¢buates to the development of pelvic
floor disorders. This finding may influence theoade of surgical intervention and help
to predict the risk of recurrence after surgicalaie in patients with PD and pelvic organ

prolapse.

3. The relationship between perineal descent andher proctographic findings in
patients with pelvic floor dysfunction

Stretching of the supporting tissues of the peflaor may lead to the formation of a
rectocele, rectal prolapse or rectal intussusceptihese are commonly reported
findings on proctography examinations, they areigjin to give rise to symptoms of
difficult defaecation and faecal incontinence. 1@otive surgery may be offered as a
result. If PD is a sign of connective tissue wesdenand if connective tissue weakness is
common to all of these pelvic floor disorders ituMbe expected that patients with the
greatest degree of descent also have other significxdings including rectal prolapse
or high grade intussusception and large rectocédléss study aims to determine the
relationship between these proctographic findimgsrder to gain further knowledge

about the pathophysiology involved in their devehemnt.
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4. The relationship between clinical symptoms androctographic findings in

patients with pelvic floor dysfunction

Studies of proctography in normal volunteers argtéd but PD, rectal intussusception
and rectoceles have been found in “normal” asymptanindividuals including
nulliparous females and males. This study aingetermine the clinical relevance of
these proctographic findings by analysing the tesafl symptom questionnaires (Pelvic
Floor Distress Inventory short form 20) completgdoltients with pelvic floor

dysfunction who have been investigated with defieggroctography.

5. Connective tissue changes in rectal prolapse

Studies have looked at the vaginal and parametisalie of women with urogenital
prolapse and found a reduction in total collages elastin content, there has not been
any similar work to assess the connective tissugposition of the pelvic floor in
patients with rectal prolapse. The developmemeofal prolapse is likely to be
multifactorial and childbirth may be a major cohtriing factor. However, some
patients present at a young age prior to pregnandyin this group an underlying
connective tissue abnormality may be the cause alih of this experiment is to
compare connective tissue biopsies from severdabaneal sites in patients with and

without rectal prolapse.
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In summary the aims of this project are;

1. To assess the accuracy of a new mechanical devioePD measurement
compared to the gold standard method, defaecatingrpctography

2. To determine whether there is a positive correlatin between PD and joint
hypermobility

3. To explore the relationship between PD and pelviddor disorders diagnosed
using defaecating proctography

4. To establish the relationship between clinical syptoms and pelvic floor
disorders diagnosed using defaecating proctography

5. To compare connective tissue biopsies in patientstivand without rectal

prolapse
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Chapter 2. A novel device for the measurement ofgpineal descent

2.1 Aims

The purpose of this experiment was to determinatioeracy of a new mechanical
device (the laser commode) for the measuremenbDofFhe new device and the
established mechanical method, the St Mark’s penreger were compared to the
current gold standard for PD measurement, defaggptioctography. Both of the
currently used methods have disadvantages inclugidgrestimation of PD in the case
of the perineometer and, radiation exposure. Awmi@te, acceptable and more
physiological mechanical device could be used seaech to measure PD and it could

also be of use in a clinical setting especiallyhi@ assessment of antenatal patients.

2.2 Patients

Ethical approval was obtained from the Greater Master East Research Ethics
Committee and written consent was taken from atigpants. (REC Reference

Number 10/H1013/80, January 2011).

PD measurements were performed by a single resgdrcthe Outpatient and
Radiology departments. All participants in thedstwere patients with a pelvic floor
disorder who were being treated at the Pelvic Rdwit at the University Hospital of
South Manchester. The range of clinical problemetuded; faecal incontinence,
difficult or obstructed defaecation and rectal ppsle. Potential participants were

identified using Outpatient and Radiology departimenords, they were contacted by
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post and invited to return an “Expression of Ins€réorm. A positive reply was
followed up by a telephone call to arrange to caufthe tests during an Outpatient
clinic visit. The following data were recorded fach participant; age, gender, parity

and nature of pelvic floor problem.

To establish the inter-rater reliability of the ndevice PD was measured a second time
on the same occasion by a separate observer. attisfghe study was carried out using
a subgroup of female patients with pelvic orgarlgpse. These patients were under
regular follow-up at St Mary’s Hospital, Manchestdrere they attended for PD
measurement as part of their participation in tROBPECT trial, a national multicentre
study of the surgical methods used to repair pekgan prolapse (PROlapse Surgery:

Pragmatic Evaluation and randomized ControlledI3riSRCTN 60695184).

2.2.1 Inclusion criteria

Patients were included in the study if they hadiogsly had a defaecating proctogram
to investigate symptoms of faecal incontinencdialift defaecation or pelvic organ

prolapse.

2.2.2 Exclusion criteria

Patients were excluded if they did not require faeleating proctogram to investigate
their symptoms, if they were under the age of I&yand if they had dementia or other

cognitive problems which affected their abilitygive informed consent to participate.
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2.3 Materials and devices

2.3.1 Mechanical device 1 - perineometer

The perineometer consists of a metal frame witbrdral latex measuring cylinder
which was held against the perineum with the patigng on a couch in the left lateral
position. The vertical limbs of the frame wereustigd to lie against the ischial spines.
The centimetre scale on the cylinder shows thd leide perineum in relation to the
ischial tuberosities. The measurement is posifitlee perineum lies above this plane
and negative if it lies below it. Disposable rubbkeaths were used to cover the limbs

and measuring cylinder and the device was cleardalcohol after each use.

Figure 15. Perineometer
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2.3.2 Mechanical device 2 — Laser commode

The new device is comprised of a commode and #atligser distance measurer. The
elliptical aperture of a conventional commode platf supports the perineum and can
prevent descent therefore the platform has beerfieddo consist of two narrow
wooden supports. They have been shaped with aalrledge on each side.

The patient was seated so that the ischial tuliegesiere positioned on the ledges and
the perineum was not splinted by the supports. shipports were adjusted to
correspond with the distance between the ischiaksp The platform surfaces were

covered with disposable sheets during use andeteaith alcohol afterwards.

The laser distance measurer (Bosch DLE 500) israreercially available battery-
operated device which can be purchased from hasdstares. It uses a class 2 laser
which is safe for use on skin. It has a CE maxkiardeemed acceptable for general use
by the UK Health Protection Agency. It measuresatices with an accuracy of + 1.5
millimetres. The typical time taken for the devioecomplete a measurement is less

than 0.5 seconds.
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Figure 17. Digital laser distance measurer

Movement of the perineum was measured in relabdhe level of the ischial
tuberosities. This distance was calculated byiptpa sheet of paper on the commode
platform between the two ledges and measuring ¢hnical distance from the device on

the floor to the paper. This level (46.2 centirag}represents the plane of the ischial
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tuberosities. Following calculation of this distarthe commode height was not altered

throughout the study.

Figure 18. Distance from laser distance measurerével of ischial tuberosities

2.3.3 Radiological method - Defaecating proctogrdyy

Proctography has been carried out by the same Baghloer and Radiologist at the
University Hospital of South Manchester since tearny2002. A consistent technique is
employed. The images are stored electronically computer software (Picture

Archiving and Communications System, Centricity, B&althcare, UK).
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To opacify the small intestine the patient is gi&&® millilitres of oral barium contrast

30 minutes prior to the investigation. A bariunstgeof stool consistency (EZ-HD 98%
w/w powder barium sulfate, Bracco UK Ltd, Bucks Jrepared. The patient lies in the
left lateral position on a couch and a bladdernggiattached to plastic tubing with an
enema tip is used to inject 60 millilitres of thasge into the rectum. A video seat
containing a bedpan is fixed to the foot step diiteag examination table. A bag of

contrast is secured within the bedpan to absorlessxcadiographic flare. The patient
sits on the seat when the table has been tiltedet@rect position. The lateral view of
the rectum is positioned in the centre of the fielfhe video is commenced and the
images are magnified using a standard fluoroscefiing. The patient is asked to “lift”

the pelvic floor, to strain down and then to evaeuhe barium paste into the bedpan.

2.4 Methods

2.4.1 Perineal descent measurement — perineometer

The patients were positioned on an examinationttéying in the left lateral position
with knees flexed and under clothes removed. Hmmpometer frame was adjusted so
that the vertical limbs could be placed againststtie overlying the ischial tuberosities
and the central cylinder rested against the penmefd measurement was recorded at
rest. The patient was then given a consistentav@mbtruction to “bear down” and a
further measurement was recorded (PD on strainifbjs was repeated three times to

ensure the maximum possible descent had been edptur
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2.4.2 Perineal descent measurement — laser commode

The patients were seated on the commode with theaisuberosities positioned on the
ledges of the platform. The lower half of the badys covered with a sheet to prevent
the risk of retinal exposure to the laser. Theaesher adjusted the laser on the floor
beneath the commode to direct the laser beam batpdrineum anterior to the anus in
the 12 o’clock position. A measurement from theicketo the perineum was taken at
rest. The patient was then given the verbal iositva to “bear down” and hold this
position and a further measurement was taken amstg. The researcher observed the
perineum during the strain manoeuvre and activétedaser measurer when maximum
descent was visualised. The process was repdatsltimes. The PD at rest was
calculated by subtracting the distance from therldgvice to the perineum at rest from
the standard distance from the device to the lef/#le ischial tuberosities (this was
measured previously as 46.2 centimetres). TherP&iraining was calculated in the

same way.

2.4.3 Perineal descent measurement — Defaecatinggtography

The proctograms of the participants were revievedaspectively. During proctography
the images are magnified using the fluoroscopy tineitefore a magnification factor was
applied to all measurements. A phantom was usedltalate the magnification factor.
A radio-opaque ruler marked with 1 millimetre incrents was fixed within the bedpan
and an image was recorded and stored on the PAtigmitzing and Communication

system. The phantom image was viewed on an RA t060{(puter monitor and compared
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to the actual ruler. One centimetre on the rulas equal to two centimetres on the
phantom image therefore all measurements madeegortictograms were divided by two.

The same RA 1000 computer monitor was used to siewaf the proctograms.

LeMaitre Stent Guide

mm 30 60 90 120 150 180 210 240 27lo
L o I I L e e e e

Figure 19. Radio-opaque ruler

Figure 20 . Ruler in bedpan
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Figure 21. Phantom image of ruler used to calculatgagnification factor

The method used in this study to measure PD diditilcte bony landmarks. In our

Unit the image field is narrowed to reduce radipbia glare therefore the sacrum,
coccyx and pubis are not consistently seen imadiges. In this study the top of the
commode seat was used as a consistent landmari oMNser published studies the
anorectal angle was used to represent the lextakegbelvic floor. Movement of the
anorectal angle was measured in relation to th@télpe commode seat. The anorectal
angle is identified using the “posterior” methoel ithe angle between the longitudinal
axis of the anal canal and a line drawn parall¢héodistal half of the posterior wall of
the rectum. The indentation of the posterior dlegtdl caused by the puborectalis sling
was used to aid identification. A horizontal Iwas drawn to mark the top of the
commode seat and another horizontal line was dthvaugh the anorectal junction
where the anorectal angle is formed. A perpendicegrtical line was then drawn
between the two levels. This vertical distance magssured at rest and on straining and

the difference between the two measurements iBEheThe proctogram recording was
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also stopped on lifting the pelvic floor and onakfation. A measurement was made in
each position. The strain measurement was takem wWiere was maximum descent of
the pelvic floor but prior to the opening of thepep anal canal which is indicative of the

beginning of defaecation.

Figure 22. Proctogram image at rest

a =rectum, b = anal canal, ¢ = top of commode, danorectal angle
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Figure 23. Proctogram image showing measuremenPd at rest

¢ = top of commode, e = anorectal junction, f = PERIEAL DESCENT AT REST
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Figure 24. Proctogram image showing measuremen®@ on straining

¢ = top of commode, e = anorectal junction, g= PERIEAL DESCENT ON STRAINING

2.4.4 Data analysis

Data analysis was performed using SPSS® for Winde@xsion 16.0 (SPSS Inc,
Chicago, IL). The level of agreement between tle¢hods was assessed using Bland

Altman analysis.
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2.5 Results

The three methods for PD measurement were compaG&ipatients.

68 patients (66 female)

Mean age 57 years
(range, 20-82 years)

A 4

Perineal Descent Measurement

Mechanical Radiological
St Mark’s perineometer New Device Proctography

(laser commode)

Figure 25. Perineal descent measurement using thiee methods
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B Difficult
Defaecatior

B Rectal Prolapst
O Rectocels

O Faecal
Incontinence

B Chronic
Constipation

Figure 26. The number of patients with each clinicdiagnosis

The PD is the distance (in centimetres) which #agngum moves during a strain effort.

This is equal to the difference between the P2sitand on straining.

2.5.1 Comparison of the mechanical devices and mtography- PD

The laser commode produces a more similar mearalb¥&d measurement to
proctography than the perineometer (table 5). kan PD measured by the

perineometer is greater than that measured byqgaagthy.
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Table 5. Mean perineal descent measurements usingetthree methods

Perineal descent  Perineometer Laser commode Proctography
(cm)
Rest 1.77 -2.18 -0.13
+1.38 +1.12 +1.07
Strain 0.68 -2.86 -0.92
+0.60 +1.13 +1.10
Overall 1.09 0.67 0.79
+0.65 +0.37 +0.59

Data are means £ SD measured in 68 patients usimg two mechanical methods and
proctography (SD, standard deviation)

A Bland Altman analysis was used to assess thé ¢d\agreement between the
perineometer and proctography and, the laser corarand proctography. A range of

agreement was defined as the mean bias + two sthddsiations.

Bland Altman plot of the difference between perineometer and
proctogram measurements of Perineal Descent
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Figure 27. Bland Altman plot of the mean bias (@@m) and 95% limits of agreement
between the perineometer and proctography measummef overall perineal descent
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Bland Altman plot of the difference between laser commeode and
proctogram measmements of Perineal Descent

_—
E 1.50—
B e MeanBiaw2sd 1
*E 1.00— A
'y Y
E . “ A
A& 0.50 A oahiay
Q i r Y 'y " A
Y E wd Ay Y &E
%) - I == e o e o e e n e m e -
.g ﬂ}: E ‘.l N 0.12
-0.50 A
Y
© 1.00 ., o+
T T e
m -1-307
= A
& 2,00
L*]
<
T -2.50 a
=
g 3.00
[Pt

T T I I I I T
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

PD Proctogram

Figure 28. Bland Altman plot of the mean bias (32cm) and 95% limits of agreement
between the laser commode and proctography measergmof overall perineal descent
The mean bias of variation between the perineonagtéproctography was 0.29cm,
indicating an overestimate by the perineometere 9%P6 limits of agreement range
from -1.41 to 1.99cm. This implies that the exteithe discrepancy between the two

methods could be as great as 1.99cm.

In the comparison of the laser commode and proapdgr the mean bias of variation
was -0.12cm with 95% limits of agreement rangiranfr-1.34 to 1.10cm. The amount
of variation between measurements taken by the tasemode and proctography was

less than that between the perineometer and pragtbyg (-0.12cm compared to
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0.29cm), therefore the laser commode was more aiecthvan the perineometer

compared to the gold standard method of measurement

The negative mean bias value suggests that thedasenode under estimates PD,
however, the pattern of the graph shows that ther leommode overestimates the value
when a lesser degree of PD is found using progodgréless than 1.5cm) and
underestimates it when a greater degree of PDuisdfaising proctography. The two

extremes are cancelled out to produce a mean e v close to zero (figure 28).

The wider limits of agreement between the peringemend proctography show that
there is greater variation between these two methoah the laser commode and
proctography but again the pattern of the Blananah plot is similar with the
perineometer overestimating PD when the proctograplue is less than 1.5cm and
underestimating PD at the other extreme (figure 2{7is possible to compare the
mechanical devices more closely for different degraf PD by categorising the data

into three groups according to the PD value medsuseng proctography.
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Table 6. Mean bias of variation between mechanicalevices and proctography
according to degree of perineal descent

Perineometer Laser commode
Group 1. PD 0-1cm 0.57 0.13
(n=47) +0.73 (-0.89 to 2.03) + 0.38 (-0.63 to 0.89)
Group 2. PD 1-2cm -0.16 -0.54
(n=19) +0.64 (-1.44t0 1.12) +0.46 (-1.46 to 0.38)
Group 3. PD >2cm -1.78 -2.18
(n=2) +0.95 (-3.68 t0 0.12) +0.46 (-3.10 to -1.26)

Data are mean bias + SD and (95% limits of agreer)en

Group 1 includes subjects with between 0 and 1cRDpfmeasured using proctography
and it comprises 69% of the study population (43jestts). With this degree of PD the
laser commode provides measurements which arer¢tmeat of proctography than the
perineometer. This is demonstrated by compari$dimeoBland Altman plots of the
mean bias and limits of agreement for the mechhd®aces in this group of patients

(figures 29 and 30).

Group 2 includes 19 subjects with PD ranging frota 2cm. In this subgroup the
measurements of the perineometer appear to be ttodese of the proctogram as the
mean bias of variation is only -0.16cm comparedtb4cm with the laser commode
(table 6). With both mechanical devices the limitagreement are wide, therefore
there is the potential for a clinically significatiscrepancy between the devices and
proctography in this group but the limits of agrestare wider in the case of the

perineometer.
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The final group 3 consists of two patients with PBasurements greater than 2cm. In

this very small subgroup the discrepancy betweenrtachanical devices and

proctography is most marked with a mean underesiial.78cm in the case of the

perineometer and 2.18cm in the case of the lasenmuzle.

Difference (PD Perineometer-PD Proctogram)

Bland Altman plot of the difference between perineometer and
proctogram measurements of Perineal Descent in Group 1
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Figure 29. Bland Altman plot of the mean bias bet@eperineometer and proctogram
measurements of perineal descent in Group 1 (PD-£ddn)
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Bland Altman plot of difference the between laser commode and
proctogram measurements of Perineal Descent in Group 1
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Figure 30. Bland Altman plot of the mean bias beterelaser commode and
proctography measurements of perineal descent i@y 1 (PD = 0-1cm)

2.5.2 Comparison of the mechanical devices and mtography- perineal descent at

rest and on straining

The resting PD measurements of both mechanicateewviaried greatly compared to
that of proctography. The mean resting PD wasgatine value in the case of both the
laser commode and proctography; this representsftéet of gravity on the perineum in
the seated position, however, the mean PD at reasuned using the laser commode
was -2.18cm. This was 2cm lower than the procigyyaneasurement and 4cm below
that of the perineometer (table 5). The startiogiof the perineum is at a much lower

level in relation to the ischial tuberosities whbka laser commode is used.
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Table 7. Mean bias of variation between mechanicalevices and proctography for
perineal descent at rest

Method of PD Mean Bias (compared with Proctography)
measurement aest cm
Perineometer 1.90+ 1.37 (-0.84 to 4.64)
Laser commode -2.05+ 0.99 (-4.03 to -0.07)

Data are mean bias £ SD and (95% limits of agreert)en

There is more variation between the mechanicalogsvand proctography when PD at
rest is measured compared to overall PD. Excephéncase, when the laser commode
was used the resting position of the perineum wasyas below the level of the ischial
tuberosities. This meant the PD at rest was ativegaalue. The mean bias of variation
between the laser commode and proctography wasSctd.@nd the lower limit of
agreement was as great as -4cm (this means thé iéBt aneasured using the laser
commode could be up to 4cm further below the le¥¢he ischial tuberosities than the
level measured using proctography). The perineemgtequally inaccurate and over

estimates descent by almost 2cm.

The level reached by the perineum when the paBeagked to bear down is the PD on
straining. Using the perineometer the mean PDi@amnéng was 0.68cm above the
ischial tuberosities. The proctography measureroemtean PD on straining was -
0.92cm but the laser commode measurement was akoiwsbelow this level at -

2.86cm (table 5).
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Table 8. Mean bias of variation between mechanicalevices and proctography for
perineal descent on straining

Method of PD Mean bias (compared with
measurement ostraining proctography)
cm
Perineometer 1.60+ 1.59 (-1.58 to 4.78)
Laser commode -1.94+1.02 (-3.98 t0 0.10)

Comparison of each mechanical device to proctogrémhstraining measurements
shows a similar pattern to that of the measuremansst with the perineometer
measuring the perineum on straining at a highesl lhan proctography and the laser
commode measuring it at a much lower (in relatmthe ischial tuberosities) level

(table 8).

2.5.3 Intra-rater repeatability of perineal desceh measurement using the laser

commode

In order to establish whether the laser commodecatiuce accurate repeat
measurements and therefore be used in clinicatipeaserial measurements were
performed on the same occasion by the same obsanadl 68 participants. PD at rest
and on straining was measured three times witleakbof 30 seconds between each

measurement. The patient remained seated on thenade throughout.

In six cases two sets of measurements were cordeidin two cases only one

measurement was completed. Repeat measuremet®mited in these participants

because of patient choice (concerns about incamtg)eand time constraints.
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A one-way ANOVA test was used to generate the withibject standard deviation for
each of the variables (PD at rest, PD on straiamdjoverall PD) and this was used to

calculate a coefficient of repeatability. See ajjpe 1.

Table 9. The coefficient of repeatability for eaclperineal descent measurement

Variable Within-subject standard Coefficient of
deviation repeatability
Perineal descent at rest 0.28 0.77
Perineal descent on straining 0.33 0.91
Overall perineal descent 0.32 0.88

The maximum difference between repeated measursréRD at rest within one
individual was 0.77cm. The coefficient of repedtgbis higher for both the PD on
straining and the overall PD measurements; thigesstg they are more likely to vary

with repeated measurements.

2.5.4 Intra-rater test-retest reliability

This part of the study assessed the reproducilaifithe laser commode technique for
PD measurement when performed in the same subjebelsame observer on a

different day.

A total of four female patients were measured om $@parate occasions. The mean age
of the group was 55.5 years (range, 40-80 yedrsg second measurement was
performed between 35 and 128 days following tret fileasurement; the patients did

not receive any surgical intervention in the inteperiod. Two sets of measurements
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were recorded on each day. See appendix 2. Tiberuwof participants measured on a
second day is too small to determine whether tisesestatistically significant difference
between repeated measurements. The overall PDuneeaants taken on different days
were similar in the majority of the subjects; thigygests the same degree of movement
of the perineum was detected on both occasiong Wéms not the case with PD at rest.
On each separate day the two resting measuremdmstdvary a great deal but the
difference between the values on separate daysnadeed (the perineum was measured

1.3cm higher at rest on day 2 in subject number 2).

2.5.5 Inter-rater reproducibility

In order to establish the reproducibility of thedacommode technique PD was
measured on the same occasion by two separatevelseilhe second observer
repeated the measurements immediately after thteoliserver with a 30 second rest
period in between measurements. The patient redaeated on the commode
throughout. The second operator was instructéldenechnique and given the
opportunity to practice it by measuring ten pasdmfore commencing this part of the
study. Consistent verbal instructions were givethe patients and the observers were

blinded to the results.

PD was measured by two observers in 25 femalerpstielrhe mean age of this group

was 58 years (range, 37-75 years). Uterine omahgirolapse was the presenting

problem in 20 patients (80%), cystocele was theardagnosis in three patients and the
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remaining two patients were being treated for regi]m  The subjects were measured

first by myself then by operator ‘KR’.

Table 10. Mean bias of variation between perinealescent measured by two
observers

Perineal descent Mean bias (between observer 1 and
observer 2) cm
Rest 0.14+ 0.33 (-0.50 to 0.82)
Strain 0.02+ 0.35 (-0.68 to 0.72)
Overall 0.14+ 0.32 (-0.50 to 0.78)

Data are mean bias + SD and (95% limits of agreern)dor 25 subjects

A Bland Altman analysis was used to assess thé ¢é\agreement between the two

observers and as in other parts of the study thgeraf agreement was defined as the

mean bias + two standard deviations. See appeéndix
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A Bland Altman plot of Inter-Rater Variability of Perineal Descent
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Figure 31. Bland Altman plot of the mean bias (@dm) and 95% limits of agreement
between perineal descent measurements of two olesgrv

The mean bias of variation between consecutive aneasents of PD taken by two

observers is low at 0.14cm. The 95% limits of agrent show that any discrepancy

will be less than 1cm, this would be clinically aptable.
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2.6 Discussion

The aim of this study was to determine the accucd@new non-radiological device
for PD measurement that might be of use in othesisaof this project. This was
achieved by comparing the new device (the lasemuoae) and the established
mechanical device for PD measurement (the perinemirte the current gold standard
method of measurement, defaecating proctograpb$ patients with pelvic floor

disorders.

The mean PD measurement of the laser commode wser ¢b that measured by
proctography (0.67 versus 0.79cm) than the periee@nmeasurement (1.09 versus
0.79cm). The mean bias of variation between therfeBsurements of the laser
commode and proctography was less than that betthegrerineometer and
proctography (-0.12 and 0.29cm respectively). Bhiggests that the laser commode is
a more accurate method of measuring overall PD ttheperineometer in this study of

68 patients.

With both mechanical devices the mean bias of tianas relatively small. If the
difference between the mechanical devices andditesgandard measurement is only 1
to 2mm this would be considered clinically accefgabowever, the pattern of both
Bland Altman plots show that the devices overedniae measurement when the
patient has less PD and underestimate it whengtierp has a more severe degree of

PD. This results in a mean bias which is neareeto. The majority of the study group
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(69%) had less than 1cm of PD measured by progtbgran these patients the laser
commode was more accurate. In the 19 patientsWith2cm of PD the perineometer
was more accurate but in the two subjects withtgrehan 2cm of PD both mechanical
devices produced unacceptable underestimates @tpdrineometer performing

slightly better than the laser commode.

The laser commode is more accurate than the penieteo in measuring overall PD in
this group of 68 patients but to replace the pemnmeter in clinical practice the laser
commode must be able to produce measurementsathsistently agree with those of
proctography. The limits of agreement betweerldber commode and proctography
are smaller than those between the perineometepraxatbgraphy but in both cases the
potential discrepancy between the device measuitsraed those of proctography are
too great to be clinically acceptable. Althougk thser commode was most accurate
when measuring subjects with less than 1cm of R®limits of agreement were -0.63
to 0.89cm. An overestimate of 0.89cm would beicdilty unacceptable in a group of

patients with an actual overall PD of O to 1cm.

The intra-rater reliability of the laser commodeheique was assessed by comparing
the variation of PD measurements made on the sabjec$ by the same operator on the
same day in all 68 patients. The maximum expediféerence between overall PD
measurements in the same subject was 0.88cm. mexdbe perineum is reliant on
patient effort which is affected by fatigue, fe&tircontinence and difficulties with

comprehension of the instructions. This explémeshigher variability seen with the PD
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measurements on straining where a maximum withiojesti difference of 0.91cm was
found. The patients remained seated on the commhodeghout therefore we would
expect the resting PD to remain the same for eaicbfsneasurements. The coefficient
of repeatability suggests that the PD at rest eam by a maximum of 0.77cm. This
may be due to both patient and operator factdrse patient may alter their position on
the commode and after repeated strain efforts éh@gum may not ascend to the
original level. The laser distance measurer ivaietd by the operator, this is subjective
and it is possible that a measurement can be tagdeme the perineum has returned to
the resting position. The distance measurer igrate to = 1.5mm but the accuracy of
the measurement is reliant on the operator aatigalie measurer when maximum
descent is achieved. This may be further affebted possible delay of up to 0.5
seconds which is the time that it may take to ntakemeasurement. The laser is
directed at the perineum just anterior to the arade at the 12 o clock position. Minute
adjustments of the position of the laser betweeasmements may result in a different

resting PD with repeat measurements.

Only four patients completed a second set of measets on a different occasion.

This was due to difficulty arranging for patientsattend for a second time and because
some patients had undergone surgery in the infeeinod which would alter their
perineal descent. It is therefore not possibleotmment on the test-retest reliability of
the laser commode, however, this data does shagi@d of variability in resting
measurements which is likely to reflect the difft@s in ensuring consistent positioning

of the patient on the commode seat.
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The reproducibility of the laser commode was agzksasing two operators to perform
measurements on the same subject on the sameamtaasi subgroup of 25 patients.
The mean bias of variation for overall PD was ataiglp at 0.14cm (0.14cm for PD at
rest and 0.02cm for PD on straining) with limitsagfreement of -0.50 to 0.78cm.
Biological measurements will not be exactly the eam every occasion and some
degree of variation between measurements is taeceed but in this study the
maximum difference between repeated measuremedtharpotential discrepancy
between observers (-0.50 to 0.78cm) suggest tbe tasnmode would not be reliable

enough to provide repeat measurements in a clis&ttihg.

In comparison to the device proposed by Morren gt 2004 which comprised a
modified commode and magnet [177] the laser comn®dexpensive, non-invasive
and simple to use. Unlike the perineometer it atidses the more physiological sitting
position. The mean PD at rest measurements daslee commode and proctography
are lower than the level of the ischial tuberositie some degree this reflects the pull of
gravity in this position, however, the laser commoagean resting PD is 2cm lower than
that of proctography. This is likely to be duehe shape of the commode seat which
minimises support for the perineum and forces ddscend through the aperture. The
commode seat used during proctography more closegmbles that of a conventional
toilet. The laser commode may produce a degrelesdent at rest which is not likely to

occur during normal defaecation.
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In contrast to previous work, the current studynfdthat the perineometer
overestimated PD in comparison to proctographynrideriginally developed the
perineometer and used it to measure 20 patientsalitical evidence of PD and 103
control patients.[62] A mean descent of 3.2cm massured in the PD group which is
considerably more than the mean descent of 1.08anmdfusing the perineometer in this
study. The patients in Henry’s study were howeeabected because they had a
significant degree of PD on clinical examinatidmstwas not the case in the current

work.

The perineometer may record greater degrees oédestan the laser commode and
proctography in this study because of variationgatient weight and strain effort, and
operator technique. Body mass index was not recbirdeither the current study or the
work by Henry in 1982.[62] A large amount of sutameous tissue overlying the ischial
tuberosities will move the frame of the perineomatgay from the perineum and if the
buttocks have to be retracted this will also affeetaccuracy of the PD measurement.
As the weight of the population as a whole hasgased over the last 30 years it is
likely that the current study group are bigger thi@rse observed by Henry.[62] The
perineometer is used in the left lateral positfmatjents may not fear incontinence when
lying down and therefore produce more strain efffoah when they are seated on the
laser commode. A firm degree of pressure appbeti¢ perineometer frame by the
operator results in a greater degree of descemt study could be improved by using a
second operator to perform perineometer measursnrentder to evaluate the

reproducibility of the technique.
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In 1985 Oettle measured PD in 21 patients usingpé&nmeometer and proctography.
[72] The perineometer was found to underestimaseent by 60%. The proctographic
method of PD measurement used the distance fromnthiectal angle to the
pubococcygeal line. The anal canal shortens daistgain effort and as the
perineometer measures movement of the anal veyaarmovement of the higher
anorectal angle Oettle suggested that this mayiboie to the difference in

measurements.

The mean PD measured on proctography in the Gttty was 2.9cm (range 0.9 to
5.2cm) [72] in comparison to a mean of 0.79cm (ead@o 3.05cm) in our study. The
level of the anorectal angle was used to reprakemelvic floor in the current study but
the lower level of the commode seat was used assistent landmark. This landmark
was also used in Selvaggi’'s study of 10 asymptanpatiients in 1990 [80] but like the
work of Oettle the mean PD was greater than instudly (2.72cm). This suggests that
either the patients in the current study havedessent than those included in previous
work or the current technique of proctographic measent is inaccurate. This method
is explored further in Chapter 4. The measuremierttse current study were adjusted
to compensate for the use of magnification; this algo the case in the Oettle and
Selvaggi work. The strain measurement is maderoct@graphy just before the anal
canal opens, it is possible that this measuremasttaken at a later point in the strain

effort in the previous work thus capturing a greaegree of descent.
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Proctography was considered to be the "gold stafidaethod for PD measurement in
this study but as stated in chapter 1 it is noheut problems. A magnification factor
was applied to try to correct for the use of flamsy but slight alterations in patient
positioning and greater variation in patient sizgyrhave affected the accuracy of this.
A prospective approach measuring patients witmtbehanical devices on the day of
their proctogram and then carrying out the radimlalgneasurements would have been
preferable but time constraints imposed by thedliffies with ethical approval made
this impossible. The radiological measurementseweerefore carried out
retrospectively meaning variable amounts of time édlapsed between the proctograms

and the mechanical measurements.

With regards to the laser commode, the study mag baen improved by shaping the
seat to be more consistent with that of the praetomgcommode seat and also by using a
laser distance measurer that could provide a conti® measurement during straining so
that a curve representing pelvic floor movement prasluced rather than an isolated
measurement. Allowing adjustment of the commodsrdieight for each individual so
that the hips and knees are flexed to 90 degreeseny occasion would ensure the best

possible position for "bearing down" on each ocwasi
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Summary

In this study of 68 patients with pelvic floor dysttion the laser commode was found
to be a more accurate method of PD measurementtibgerineometer compared to
the gold standard, defaecating proctography. €peatability and reproducibility of the
laser commode measurements were not however abteptad this will limit the

usefulness of this device in a clinical setting.

By using the commode top as a reference pointdidr the proctography and laser
commode measurements, and the area anterior amtiseas a fixed point for both the
perineometer and laser commode measurements tiga aéshe study aimed to
consistently measure the same type of movementalithree methods. Despite this
the three methods are very different. Unlike #sel commode, proctography measures
movement at the level of the anorectal angle whsgroximal to the perineum and the
examination is centred around rectal evacuatidrerahan straining. The perineometer
is used in the left lateral position and measurdsare subject to operator technique
and patient habitus. The design of the laser codenppoduces an apparent degree of
severe descent at rest which may not be an acaeqatesentation of the clinical
findings. The three methods may not be directipgarable although they may each

provide useful information about pelvic floor movent.
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Chapter 3. The relationship between perineal desneand joint hypermobility

3.1 Aims

The aim of this study was to determine whethere®a positive correlation between

PD and joint mobility.

3.2 Patients

Ethical approval was obtained from the Greater Master East Research Ethics
Committee and written consent was taken from atigpants (REC Reference Number

10/H1013/81).

As in the previous study all participants were grails with symptoms of faecal
incontinence, difficult defaecation or rectal ppsa who were under the care of the
Pelvic Floor Unit at the University Hospital of SbuManchester. Potential participants
were identified from Outpatient and Radiology dément records and they were
recruited in the manner described in chapter 22 Sdme inclusion and exclusion
criteria were also used. Age, parity, clinicalMpefloor problem and menopausal status

were recorded for each patient.

3.3 Methods

3.3.1 Joint mobility assessment (Beighton score)

The Beighton score incorporates assessment of dfdity of the thumbs, fifth

metacarpophalangeal joints, elbows, knees and.§p83 The patients were evaluated
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at the time of attendance for Outpatient revieyroctography examination. The test
was carried out by a single researcher. The fatigare asked to perform each of the

manoeuvres once; a score of one was recordeddbrpessitive finding.

Table 11. The Beighton scoring system

RIGHT LEFT

1. Forward flexion of trunk
with knees straight and palm
on floor

U)
[

2. Hyperextension of elbow tpl 1
>10°

3. Hyperextension of knee to| 1 1
>10°

4. Opposition of thumb to 1 1
volar aspect of ipsilateral
forearm

5. Passive dorsiflexion of
metacarpophalangeal joint tg 1 1
> 90°

Maximum Total 9
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Figure 32. The Beighton score manoeuvres
(reproduced from Arthritis Research Campaign infoation booklet - Joint
Hypermobility)

Figure 33. Hypermobility of the right thumb
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3.3.2 Perineal descent measurement — defaecatingg@ography

The proctogram images were reviewed retrospectmetyPD was measured using the

method described in the previous study (chapter 2).

3.3.3 Data analysis

Data analysis was performed using SPSS® for Wind@ssion 16.0 (SPSS Inc,
Chicago, IL). Correlation coefficients for parametnd non-parametric data were used
to look at the relationship between the pairs ofaldes including PD and parity, age
and Beighton score. As this study did not exptheerelationship between an outcome
and a predictor multivariate regression analyse® wet performed. For each variable
subjects were separated into groups accordingetpritsence or absence of joint
hypermobility, positive or negative screening toegult, parity or nulliparity and PD
greater or less than 1.5cm. The distribution wfichl diagnoses in the groups was
compared using a chi square test. Comparisoreaingan PD measurements and
Beighton scores between the relevant groups wapamd using independent sample t

tests.
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3.4 Results

A total of 70 female patients were recruited, 52.9%6) were post menopausal. The
mean age was 58 years (range, 20-82 years). €d@amBeighton score was 0 (range,
0-6) and the median PD distance was 0.55cm (r&hd05cm). The most frequently

positive Beighton manoeuvre was forward flexioriha trunk (present in 25.7 %).

B Difficult
Defaecation

B Rectal Prolapse
O Rectocele

O Faecal Incontinence

B Chronic
Constipation

Figure 34. The number of patients with each climicdiagnosis
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Figure 35. Frequency of Beighton score in 70 femalatients

Number of Positive Results

R Thumb L Thumb R Finger L Finger REbow LEbow REKnee LEnee Back

Figure 36. The number of positive findings for ela®@eighton manoeuvre in 70
female patients
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3.4.1 Beighton score and PD

There was no correlation between PD and BeightoregSpearman correlation
coefficient 0.04, p= 0.77), this is demonstrateéigure 37. Contrary to the hypothesis
that joint hypermobility should be associated wifth most severe PD, the subject with

the greatest degree of PD had normal joint mobaity a Beighton score of zero.
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Figure 37. Scatter plot showing no correlation meten the perineal descent
measurements and joint mobility scores of 70 fempdgients

Table 12 . Correlation of perineal descent paramets with Beighton score

Parameter correlated with Test Correlation P Value
Beighton score Coefficient
PD at rest Spearman 0.12 0.33
PD on straining Spearman 0.11 0.38
Overall PD Spearman 0.04 0.77
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A Beighton score of 4 or greater is an indicatogeheralised joint hypermobility. In
this study group as a whole, the Beighton scorendiccorrelate positively with the
degree of PD. However, only ten subjects had rifsignt score of 4 or greater,

therefore a subgroup analysis was performed witiese patients.

The ten patients with hypermobile joints were yamitpan those with normal joint
mobility (mean age 44 years versus 60 years). efWwas no statistically significant

difference in the distribution of clinical diagnaseetween the two groups.

Table 13. Perineal descent measurements of patientgth and without joint
hypermobility

Groups Mean PD at Mean PD on Mean PD (cm)
rest (cm) straining (cm)

1. Joint hypermobility 0.51 +1.22 -0.24 £1.39 0.75+0.47

Beighton score 4

(n=10)

2. Normal joint mobility -0.26 £1.02 -0.96 £0.99 0.78 £0.61

Beighton Score < 4

(n=60)

P value 0.04* 0.05 0.89
Data are means + SD measured using proctographyt@patients with joint
hypermobility and 60 patients with normal joint moity, compared using t test
*significant at 0.05 level

The mean PD achieved by both groups was simil@b{@n in the hypermobility group
versus 0.78cm in the normal mobility group) butréheas significantly more descent at
rest in the normal mobility group with the mearrtstg position of the perineum lying
0.75cm below that of the hypermobility group. Tdheras no difference between the

levels reached on straining.
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3.4.2 Clinical pathology and PD

Of the 70 participants in the study ten had ana@V&D measurement of 1.5cm or
greater. There was no significant difference enrtean Beighton scores of the patients
with PD <1.5cm and those with Pb1.5cm (0.60 + SD 1.27 versus 1.28 + SD1.71,
compared using t test, p=0.23). There was, howeveifference in the clinical
presentation of the 10 patients with PD5cm. Chronic constipation was the
presenting feature in 70% of this group compareahly 3.3% of the group with PD

<1.5cm (compared using chi-square test, p=0.00).

3.4.3 Beighton score and age

The Beighton score decreases as age increasdgy(see38), this is expected as joints
become less mobile with advancing age.[133] Thalso reflected when comparing the
joint mobility scores of the women according to imeausal state. The mean Beighton
score of the 16 pre-menopausal women was threes gmeater than that of the 51 post-
menopausal women (2.44 + SD 2.03 versus 0.82 +.3®dompared using t test, p

=0.00). Menopausal state was unknown in threescase
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Figure 38. Scatter plot showing negative corretat between age and Beighton score
(Spearman correlation coefficient -0.39, p=0.01)

Interim analysis of the first 20 subjects found thean Beighton score to be low at 1.35.
The mean age of the group at this point was 63sygange, 45-78 years), Beighton
score alone may not accurately reflect joint mopih an elderly population therefore
an additional screening tool assessment was indltatesubjects greater than 50 years

of age recruited from this stage onwards.
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Figure 39. Joint hypermobility screening tool [148

1. Can you now or could you ever place your handfiethe floor without bending

your knees?

2. Can you now or could you ever bend your thumloteh your forearm?

3. As a child could you contort your body or coulduyao the splits?

4. As a child or teenager did your shoulder or knpetislocate on one or more

occasion?

5. Do you consider yourself to be double-jointed?

A score of 2 or more signifies a history of joiyjermobility. The screening
guestionnaire was completed by 29 participantsieubjects scored 2 or more. There
were no significant differences between the meagt&en scores or the mean PD
measurements of those with a positive screeningésalt and those who scored less
than 2. No correlation between screening toolesemd any of the parameters of PD
was found (compared using independent sample$)t ®©$§the nine subjects with a
positive screening tool result only one also hatyaificant Beighton score of 4. The
remaining patients scored O (4 cases), 1 (3 casek® (one case) using the Beighton
assessment. This shows that the questionnairalmaso detect joint hypermobility in

8 cases where the Beighton score did not.
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3.4.4 Parity and PD

Pregnancy and childbirth are thought to be majotrdauting factors to the
development of pelvic floor pathology and PD. tder to determine the effect of
connective tissue abnormality (represented by joypiermobility) on PD without the
influence of childbirth, the data of the nullipasosubjects was compared to that of the

parous women.

The mean parity of the group was 2 children (rafgg); nine of the participants were
nulliparous. There was a weakly negative corretalietween parity and PD, the
nulliparous subjects and those with fewer childseme found to have greater degrees of
PD. (Overall PD was not normally distributed tHiere a Spearman correlation

coefficient was used).

Table 14. Correlation of perineal descent paramets with parity

Parameter correlated with Test Correlation P value
parity coefficient
PD at rest Pearson -0.14 0.26
PD on straining Pearson 0.02 0.84
Overall PD Spearman -0.32 0.008*

*significant at 0.01 level

The nulliparous women presented at an earlier lzgye the parous women (mean ages
46 and 60 years respectively). A chi-square tigshdt show a significant difference in
the distribution of clinical diagnoses betweentilie groups. The mean Beighton score
was 1.44 in the nulliparous group and 1.15 in t®ps group, this difference was not

statistically significant (compared with t test-0.62).
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Table 15. Perineal descent measurements in nullipgus and parous groups

Groups Mean PD at rest Mean PD on Mean overall
straining PD
1. Nulliparous -0.08 +£1.20 -1.11 +0.81 1.30 £0.80
(n=9)
2. Multiparous -0.16 +1.07 -0.82 +1.11 0.69 £0.52
(n=61)
P value 0.84 0.46 0.003*

Data are means +SD measured using proctography inuliparous and 61
multiparous women, compared using t test

*significant at 0.01 level

The mean PD measurement of the nulliparous subiebB% greater than that of the

parous group. There is no statistically signiftcdifference between the groups in terms

of rest or strain measurements.
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3.5 Discussion

The aim of this study was to determine whethereh®&a positive association between
joint hypermobility and PD. Joint mobility was assed using the validated Beighton
score and PD was measured using the current goldatd method, defaecating

proctography.

There was no correlation between Beighton scorePihh the 70 female subjects
included in this study. Previous work has shoviinlabetween both urogenital prolapse
and joint hypermobility and rectal prolapse ana{jdiypermobility.[135, 174] Prolapse
occurs because of inadequacy of the supportingessef the pelvic floor. As PD is also
thought to be a consequence of stretching of tbeseective tissues we would expect to
find a similar association between PD and joint ititgb The fact that a positive
relationship does not exist in this group may ssggeat the development of PD is a
separate phenomenon which does not involve the pathephysiological processes as
that of pelvic organ prolapse. Alternatively tle¢ationship may exist but the methods

utilised in this study may not be robust enougtdtect it.

Al-Rawi et al (1982) demonstrated an associatidwéen uterine prolapse and joint
hypermobility using the Beighton score to assesteittales with prolapse and an equal
number of controls.[135] The patients studied byRAwi were younger than the
participants of this study (the mean age was 4éasyand 47% were less than 40
years). Although younger patients were includethencurrent study the mean age of

the group was 58 years. Joint mobility decreast#sageing and this may affect the
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accuracy of the Beighton score as an assessméntRoothis reason the Hakim and
Grahame screening questionnaire [148] was intratitweletect a history of previous
joint hypermobility in patients greater than 50 ngeaf age. Although the screening
guestionnaire was able to detect joint mobilitygisubjects with normal Beighton scores
the screening tool results did not correlate peslyiwith PD. The sensitivity of the
screening questionnaire for detecting joint hypdbitity is 80 to 85% [148] but

difficulties with recall may limit the use of th&elf-reported tool in this type of patient

group.

Joint mobility is also influenced by geographicaddtion and race.[43] The Beighton
score was first developed for use in a South Afripapulation in the 1970s.[133] The
participants of the Al-Rawi study were Iragi womé6% of the prolapse group had
hypermobile joints but 18% of the control group va#so hypermobile. This reflects the
high prevalence of joint hypermobility in this cann The mean Beighton score in the
current study was 0 and the highest score achievi group was 6, this may be a

reflection of a lower prevalence of joint hypermabiin the Western population.

The screening questionnaire and Beighton scoressisise mobility of a small group of
joints only; hypermobility may be present in joitisit have not been formally
evaluated. Joint hypermobility is a confirmed nfi@stiation of generalised connective
tissue abnormality and it is relatively easy to suga but it is possible to have
significant connective tissue pathology withoutingvjoint hypermobility as a major

feature. The diagnosis of Benign Joint HypermbobByndrome can be made even
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when only one joint is hypermobile if other chaedaistics are present.[131] This study
did not include other assessments such as thetBrighiteria [131] which may have
been able to identify patients with abnormal cotirmedissue but seemingly normal

joint mobility.

The positive effect of oestrogen on joint mobilgywell documented.[43] In this group
72.9% of the participants were post-menopausaht dwbility assessment may not be
the most accurate method of detecting connectsgaiéi abnormality in an older post-

menopausal population.

Interestingly, the subjects in this study with jditypermobility (as defined by a
Beighton score of greater than 4) did not have rRideéhan those patients with normal
joint mobility; however they did have less descaintest. The concept of “fixed
increased PD” [84] refers to a stretched and flopgyneum seen in older patients. The
perineum sags below the level of the bony outleésit but is unable to descend further
with effort. The patients with normal joint moltylihad a mean resting descent which
was 0.75cm below that of the hypermobile groupe marmal mobility subgroup is
comprised of older subjects and so the effect efragand hormonal changes may have
contributed to a loss of elasticity and hence pecediuthe descent at rest. However, the
descent then achieved on straining is similar & t¢ the joint hypermobility group
therefore the greater PD at rest in the patientis mormal mobility cannot be explained

by the fixed increased PD theory. A differencéhiatissue elasticity of the
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hypermobile patients may account for the abilityhef perineum to descend but then

recoil to a higher starting position.

The subjects with the greatest degree of PD (grédade 1.5cm) were more likely to
present with chronic constipation than those waslthan 1.5cm of PD (70% versus
3.3%). This is relevant as PD has long been astsativith the habit of chronic
straining. Parks first postulated that excessikarsng was the major causative factor
in the development of PD in 1966.[52] Goei etl®&90) [68] and Savoye et al (2003)
[69] did not find any association between presgnsiymptoms and PD measured using
proctography but in the former work the sample gias small (19 patients with
constipation) and the latter was a study of gedatatients, the majority of whom had
mixed complaints rather than constipation in igofat In 1999 Harewood et al found
that 97% of patients diagnosed with the “Descenéiegneum Syndrome” in their unit
over a ten-year period predominantly had symptoht®stipation.[70] Multiparity

was also a feature associated with PD in this group

Vaginal delivery is thought to cause PD througktstiing of the perineal tissues but in
the current study parity was negatively associatéiadl PD. Nulliparous women
comprised 13% of the study group (n=9). The mdami@asured in the nulliparous
subjects was significantly greater than that ofgasous women. This can not be
explained by the contribution of joint hypermolyilds there was no difference in
Beighton scores between the two subgroups. In efgle findings noted above

regarding clinical pathology it may be suggested the nulliparous women have more
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descent because of straining due to constipatidthiete was also no significant
difference in the frequency of constipation betwtentwo groups. It may be the case
that these nulliparous women do have an underlyampective tissue abnormality but it
has not been identified using the Beighton scodetect joint hypermobility. It may
also be the case that this small subgroup of wdamasranother contributing factor that is
yet to be identified. The effects of parity anchder were removed in the study by
Marshman (1987) [174] of mainly male patients whd kindergone repair of rectal
prolapse. Joint mobility was evaluated by meagumovement of the fifth finger only.
The patients with rectal prolapse had more mobititihis joint than a group of age and
sex-matched controls. Again this work looked alaguse rather than PD but it is
possible that a similar abnormality of connectigsue is involved in the development

of pelvic floor disorders in both men and nullipasovomen.

An ideal population for this study would have irbda patients with connective tissue
diseases. If patients with known connective tissugormalities were found to have
greater degrees of PD than subjects without thiegmdses it would confirm the role of
connective tissue abnormality in the aetiology bt Frurther more, measurements
could be compared between subgroups of patientsMairfans syndrome, Ehlers
Danlos syndrome and BJHS and this might providermétion about the specific
collagen or elastin abnormality which is associatéti PD. This was not possible in
the current work because of time constraints duketays incurred gaining ethical
approval. These conditions are uncommon (andarcése of BJHS often under

diagnosed), only a small number of patients wilgemt via general Rheumatology
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outpatient clinics and most will be seen at spestiakntres (for example the Ehlers
Danlos Syndrome national diagnostic service bas&theffield Children's Hospital and
the North West London Hospitals trust) therefomasiderable recruitment period
would be necessary to achieve adequate numbeis.isThowever, an area that could

be developed in future research work.

This work has not shown a correlation between PiDjaimt hypermobility. It is
important to recognise that the number of subjectsis study was small and that
several variables were compared with the threenpeters of PD measurement. This
means that any correlations found cannot be seearatusive, however, this study has
identified a small subgroup of nulliparous womerowgnesent at a younger age and
have more PD than older parous women. This magesidhat these women are

subject to a different pathophysiological process.

The Beighton score was developed forty years ag@sess joint mobility in African
subjects; it may not be the appropriate tool taiig connective tissue abnormalities in
an older, female, Western population. Althoughrttean Beighton score of the group
as a whole was low it is possible that it is higtem that of the population without PD
and clinical symptoms of pelvic floor dysfunctiorlhis could be evaluated in future
work by expanding the study to include age andypanatched controls without pelvic
floor disorders and patients with known connectigsue diseases. In addition to
increasing the number of nulliparous women studitbér methods of identifying

connective tissue abnormality could be incorporatetiiding the Brighton criteria
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[131] and histological examination of tissue sarapl€onfirmation of the role of
connective tissue abnormality in the disease psogthis subgroup of patients would
have clinical implications in terms of treatmenbe and intervention to prevent

further damage through obstetric trauma.

Summary
This study shows that PD is a feature of chronitstipation, which supports the theory
that excessive straining at stool leads to stretcbf the connective tissues of the pelvic

floor.

There is no correlation between PD and joint hyduility as assessed using the
Beighton score. Young nulliparous women have tieatgst degree of PD and in the
absence of other contributing factors it is pogsthht connective tissue abnormality has
played a role in their disease process althougiBéighton score may not be a sensitive

enough tool to detect it in this population.
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Chapter 4. The relationship between perineal desneand other proctographic

findings in patients with pelvic floor dysfunction

4.1 Aim

The aim of this study was to determine the sigaifite of PD in relation to other signs
of pelvic floor injury including rectocele formatiprectal intussusception and rectal

prolapse.

4.2 Patients

Radiology department records were used to genaraeof patients who had been
investigated with a defaecating proctogram exarionah the two-year time period of
July 2009 to July 2011. All of the patients wereler the care of the Pelvic Floor Unit
at the University Hospital of South Manchester grelexaminations were requested to
investigate the symptoms of rectal prolapse, diftidefaecation or faecal incontinence.
Male patients were excluded because the numbeenfinvestigated during this period

was very small and therefore would not be adequaperform a subgroup analysis.

4.3 Methods

The researcher was blinded to the clinical histdrthe patients during examination of
the proctographic images. Following completionhef measurements the proctogram
request card was reviewed in order to documenptésenting clinical problem. The
same RA 1000 Radiology department computer monigs used to view all

examinations. Each proctogram recording was viewéts entirety before being
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replayed so that the relevant images could be franel the measurements made. The
following findings were recorded; anorectal anglerineal position at rest, level of the
perineum on lifting the pelvic floor, PD on maximwtnain (before the anal canal
opens), PD on defaecation (at the point of opeafrige anal canal), overall PD (PD on
straining — PD at rest), presence of rectoceleramtposterior depth of rectocele (in
centimetres), presence and grade of rectal intasptisn or rectal prolapse and

presence of other pathology e.g. enterocele, sidmoeie or lateral rectocele.

4.3.1 Anorectal angle

The “posterior” method was used to define the artat@ngle, this is the angle between
the longitudinal axis of the anal canal and a drewn parallel to the distal half of the

posterior rectal wall. See figure 23 chapter 2.

4.3.2 Perineal descent measurement

PD measurements were made using the techniqualmbsbabove (chapter 2). For
consistency the image of maximum strain immedigbelyr to the opening of the upper
anal canal was used to measure PD on strainingre@surement was also taken at the
beginning of defaecation as the upper anal caret@gpand, on maximum lift of the

pelvic floor.
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4.3.3 Rectocele measurement

A rectocele is the forward bulge of the anteriataéwall which can be present at rest or
on straining. It may increase in size or effacthwle strain effort. It is difficult to
measure the size of a rectocele using two dimeakioraging. In this study the depth

of the rectocele was measured on the image of mawistraining in the anterior-
posterior dimension. A vertical line was drawngdat to the posterior anorectal angle,
a perpendicular line was drawn horizontally frons §hoint to the apex of the rectocele

anteriorly. See figure 41.

o

Figure 40. Rectocele demonstrated in the lithotopgsition
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Figure 41. Measurement of rectocele on proctograpmage

4.3.4 Rectal intussusception (RI) and rectal prolase

Intra-rectal intussusception is defined as theidifig of the rectal wall into the lumen
of the rectum or in more advanced cases, intortaéaanal. It is also known as an
internal or occult rectal prolapse and it is redgegble as a funnel-shaped configuration
of the rectum seen at the end of evacuation. Egee of intussusception was graded
using the Oxford radiological grading of rectal lapzse system.[96] If low grade
intussusception was present in the absence otacede it was assigned a grade of | or
Il depending on whether the lead point was judgethb observer to lie in either the

upper or lower part of the rectum.
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Grade of Rectal Prolapse| Radiological Features

Intra-Rectal

I Descends to proximal limit of rectocele

Il Descends into level of rectocele

Intra-Anal

1] Descends onto anal sphincter / anal
canal

\% Descends into anal sphincter / anal canal

Rectal Prolapse

V | Protrudes from anus

Figure 42. The Oxford radiological grading of rect@rolapse system [96]

4.3.5 Enterocele and lateral rectocele

An enterocele is present when loops of small imtesddescend into the pelvis anterior to
the rectum on straining. During proctography thiseen as a widening of the space
between the vagina and the rectum. A lateral oet¢os the bulging of the rectal wall

laterally.

4.3.6 Data analysis

Data analysis was performed using SPSS® for Winde@ssion 16.0 (SPSS Inc,
Chicago, IL). Correlation coefficients were useddok for a positive relationship
between degree of PD and rectocele size and defjR2 and grade of Rl. The
independent samples t test was used to comparedhe PD measurements in patients
with and without the other proctographic findingghe reproducibility and repeatability
of the proctographic measurement techniques wassad using a Bland Altman

analysis.
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4.4 Results

The proctograms of 323 female patients were reuvilewkhe mean age of the group was

55 years (range, 18-85 years).

The most common presenting problem was difficufadeation (38.1 %). Two
concurrent clinical complaints were present in &flgnts. Difficult defaecation and
faecal incontinence and, difficult defaecation #melpresence of rectocele on

examination were the two most likely combinatiobS ¢ases of each).

The Frequency of Clinical Diagnosis
1

B Difficult Defaecation

1

B Rectal Prolapse
O Rectocele

123 O Faecal Incontinence
B Urogenital prolapse
B Chronic Constipation
@ Traumatic Vaginal

Delivery
B Perianal Pain

Figure 43. The number of patients with each climicdiagnosis
*presenting complaint unknown in 12 cases
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45.1 Perineal descent measurements

PD is the vertical distance traversed by the permbetween the resting state and the

strain effort. The mean PD was 1.02cm, SD 0.98g@a0-3.15cm). See table 16.

Thirteen patients were unable to perform a pelaorflift (4%) and 52 patients (16%)
were unable to evacuate the contrast thereforeursraents of lift and defaecation were
not possible in these cases. The maximum range@wément of the pelvic floor is
equal to the sum of the distance between PD aarekperineal lift, and the distance
between PD at rest and PD on defaecation. Thisuneaent was calculated for the
264 patients who were able to lift the perineum evakcuate the contrast. The mean

maximum pelvic floor movement was 2.36¢cm, SD 1camg@e, 0.55-5.5cm).

Table 16 . Mean perineal descent measurements

PD parameters Measurements in cm
PD at rest 0.08 £0.93
Perineal lift 1.11 +0.60
PD on straining -0.93 £0.97
PD on defaecation -1.28 £ 0.95
Overall PD (PD on Strain — PD 1.02 £ 0.67
Rest)
Maximum Pelvic Floor 2.36 £1.00
Movement

Data are means + SD measured using proctography

4.5.2 The relationship between perineal descent dmectocele formation

The formation of a rectocele was demonstrated th#ients (87.9%). The rectocele

size ranged from 0.60 to 4.65cm. See table 17.
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Table 17. Number of patients with each size of remacele

Size of Rectocele <2cm 2-4cm >4cm

Number of cases (h=284) 155 127 2

A Pearson's correlation coefficient shows a wegklsitive relationship between PD and
rectocele size (correlation coefficient 0.14, p82).which is statistically significant at
the p=<0.05 level. There was no correlation betweaximum movement of the pelvic

floor and rectocele size (correlation coefficier@@) p=0.38).

6_

Size of Rectocele

| [ I I [ I [ I I
000 050 100 150 200 250 3.00 350 4.00

Perineal Descent

Figure 44. Scatter plot showing a weakly positv@relation between perineal
descent and rectocele size in 284 female patients

The patients were divided into four groups accaydorectocele size (39 patients did
not have a rectocele). The mean PD increasestxete size increases, however, the
mean PD of the group without a rectocele is 1.0&anhthis is both greater than that of

the group with a rectocele that is less than 2c8®2@n) and similar to the mean PD of
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the entire group of patients with a rectocele of size (1.01cm). Therefore there is no
significant difference in mean PD between the pégievith and without a rectocele
(compared using an independent samples t tes@.p2).

Table 18. Mean perineal descent measurements foafents grouped according to
rectocele size

Rectocele size (cm) Mean PD (cm)
Nil (n=39) 1.05 + 0.79 (O to 2.80)
<2 (n=155) 0.92 £ 0.57 (0.10 to 3.05)
2-4 (n=127) 1.12+0.73 (0 to 3.15)
>4 (n=2) 1.30 + 0.85 (0.70 to 1.90)

Data are mean perineal descent measurements + 8@ @ange) of 323 female
patients

4.5.3 The relationship between PD and RI / rectarolapse

A degree of Rl was present in 119 cases (36.8%¢ riost frequent grade of

intussusception was Il. See table 19. A fullakptolapse occurred in 10 cases (3.1%).

Table 19. Number of patients with each grade of rtal intussusception

Grade I Il [l \Y V (rectal
prolapse)
Number of 8 58 18 35 10

patients (n=129)

There was no correlation between PD and grade ¢5pdarman rank correlation

coefficient -0.02, p=0.85).
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In this study 71 patients had greater than 1.5cband 252 patients had less than
1.5cm of descent. The ten patients with rectallgmse were distributed evenly between
these two groups (five cases in each) but as 7#teafiroup with PD greater than 1.5cm
had a rectal prolapse compared to 2% of the gratipRD less than 1.5cm this equates
to a significantly higher incidence of prolapsehe group with greater PD ( compared

using chi-square test, p= 0.03).

There was no statistically significant differenegvieeen the mean PD in patients with or
without a degree of Rl (compared using indepenttgst, p=0.90). Excluding patients
with a full rectal prolapse the most PD was seqpaitents with low grade (I and Il) or

no intussusception. See table 20.

Table 20. Mean perineal descent measurements foafeents grouped according to
grade of rectal intussusception

Grade of RI Mean PD (cm)
Nil (n=194) 1.01 £0.67 (0 to 3.15)
| (n=8) 1.13 £ 0.56 (0.45 to 1.90)
Il (n=58) 1.01 £0.67 (0.10 to 2.70)
Il (n=18) 0.94 £ 0.65 (0.15 to 2.30)
IV (n=35) 0.95 £+ 0.65 (0.10 to 3.05)
V (n=10) 1.36 + 0.83 (0.25 to 2.55)

Data are mean perineal descent measurements + SB @ange) of 323 female
patients
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4.5.4 The relationship between rectocele formatioand RI

In this study patients were more likely to haveetacele in isolation than in
combination with RI or prolapse. When the two fimgs where present together the

intussusception was more commonly of low grade.

Table 21. Number of patients with rectocele and eaograde of rectal
intussusception

Grade of RI
Nil Low grade High grade Prolapse
I+l n+1v \
Number of cases of 171 63 45 5

rectocele (n=284)

The mean rectocele size was not greater in thasengawith high grade
intussusception or rectal prolapse. There wasgmficant difference in rectocele size
between patients with and without intussusceptigorolapse (compared using
independent samples t test, p=0.34). The largesbceles were present in those

patients with grade | and Il intussusception. Bbée 22.

Table 22. Mean rectocele size measurements for patts grouped according to
grade of rectal intussusception

Grade of RI Mean size of rectocele (cm)
Nil (n=171) 1.94 + 0.65 (0.85 to 4.65)
I (n=7) 2.30 £ 0.53 (1.70 to 3.25)
Il (n=56) 2.12 £ 0.61 (0.60 to 3.55)
Il (n=16) 1.93£0.39 (1.40 to 2.92)
IV (n=29) 1.81 £ 0.57 (0.80 to 2.75)
V (n=5) 1.85 +0.32 (1.60 to 2.35)

Data are mean rectocele size £ SD and (range) id #male patients with rectocele
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4.5.5 Frequency of enterocele and lateral rectoeel

An enterocele was present in 42 cases, the meaof dgese patients was 59 years.
Approximately half of this group (47.6%) also hald tRe most frequent grade was Il (9
cases). The presence of a rectocele in combinafithran enterocele was more
common with 36 patients (85.7%) having both finding@ here was no statistical
difference in rectocele size (compared using inddpet samples t test, p=0.68) or PD
(compared using independent samples t test, p=BetWeen patients with and without

enterocele.

Table 23. Number of patients with enterocele andaeh grade of rectal
intussusception

Grade of RI
Nil (n=194) 1 (n=8) Il (n=58) Il (nh=18) IV (n=35) V (n=10)
Number
of cases of 23 (11.9%) O 8 (13.8%) 2 (11.1%) 7 (20%) 2 (20%)
enterocele
(n=42)

A lateral rectocele was present in 21 patientefalhom also had an anterior rectocele.
One third of these patients also had a degree ahRlagain, the most commonly found
grade was Il. A higher incidence of larger rectesavas not found in the group with
lateral rectoceles but there was a significantBatgr degree of PD in the lateral
rectocele group compared to those patients withdateral rectocele (1.31cm versus

0.99 cm compared using independent samples pEeG103).
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4.5.6 Repeatability of proctographic measuremengechnique

For the above measurements to be considered eeltalshs necessary to demonstrate
the accuracy of the measurement techniques thertéferproctograms of 54 randomly
selected patients were re-examined and the measuotemvere repeated on a second

occasion by the same blinded researcher.

A Bland Altman analysis was used to calculate tieambias of variation and the 95%
limits of agreement between the measurements takéwo separate occasions. A

range of agreement was defined as the mean livas standard deviations.

Table 24. The mean bias and 95% limits of agreemefor repeatability
measurements

Parameter Mean bias of variation 95% limits of
between measurements 1 agreement (cm)
and 2 (cm)

PD at rest -0.03+0.15 -0.33 t0 0.27
PD on straining 0.01 +£0.22 -0.43 10 0.45

Overall PD -0.03 £ 0.29 -0.61 to 0.55
Size of rectocele -0.01 £0.22 -0.431t0 0.45
Anorectal angle 3.15+12.30 -21.45t0 27.75

Data are mean bias + SD and 95% limits of agreembatween two sets of
measurements taken using 54 proctograms

There was 100% agreement between the two setsasurements regarding the
presence of a rectocele. For the grade of Rl/psala kappa measure of agreement was

used, this was 0.77 which reflects an acceptalgly l@vel of agreement.
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Figure 45. Bland Altman plot of the mean bias (&Bcm) and 95% limits of
agreement between two repeated sets of perinealaedgsneasurements in 54 patients

4.5.7 Reproducibility of proctographic measurementechnique

To determine the reproducibility of the measurentectiniques employed in this study,

a second blinded researcher repeated the measuseomneb0 randomly selected

proctograms.
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Table 25. The mean bias and 95% limits of agreemefor reproducibility
measurements

Parameter Mean bias of variation 95% limits of agreement
between observers 1 and 2 (cm)
(cm)

PD at rest 0.01+0.11 -0.21t0 0.23
PD on straining 0.04 £0.33 -0.62 t0 0.70

Overall PD -0.02£0.34 -0.70 to 0.66
Size of rectocele -0.09 £0.30 -0.69t0 0.51
Anorectal angle -2.90+13.78 -30.46 to 24.66

Data are mean bias £ SD and 95% limits of agreembatween measurements taken
by two observers using 50 proctograms

There was 100% agreement between the two obsesgasling the presence of a

rectocele and grade of Rl/prolapse.
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Figure 46. Bland Altman plot of the mean bias (B2cm) and 95% limits of
agreement between the perineal descent measurenwritgo observers in 50 patients
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4.6 Discussion

The aim of this study was to explore the relatigm$&tetween PD and other
proctographic findings that represent connectisgu stretching of the pelvic floor. If
PD is a sign of generalised connective tissue weskof the pelvic floor and if the
same pathophysiological mechanism is involved endévelopment of all pelvic floor
connective tissue injuries we would expect thogeepts with the greatest PD to also

have the largest rectoceles and the highest gfad&ssusception or rectal prolapse.

This study did not demonstrate a positive corretabetween PD and RI. One
interpretation of this is that PD and RI are causg@eakness of different parts of the
pelvic support structures. Grade Il recto-regttlissusception was the commonest
stage of RI found in this study. This supportsi8bn's theory that some invagination
of the rectum during defaecation is physiologicad ow grade intussusception is a
normal finding.[86] Although the numbers were ditta¢re was, however, a greater
degree of PD found in patients with rectal prolapB® may therefore have a causative
role in allowing intussusception to progress tceaxal prolapse or it may be the case

that prolapse of the rectum leads to further deisafetine perineum.

In the literature patients with PD report an inseghincidence of prolapse symptoms but
not of faecal incontinence or obstructed defaenatibich are more commonly
associated with intussusception.[70, 71] In 1986dks et al showed that patients with
rectal prolapse and faecal incontinence had maekednlike those who had faecal

incontinence alone.[67] The association of PD \pitblapse but not with
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intussusception may support the argument that pseland intussusception are separate

entities rather than a spectrum of the same disease

Pearson's correlation did show a positive relatignbetween rectocele size and PD
however, this correlation was very weak and theigraf 39 patients without a rectocele
had a mean PD that was greater than those witral ieutocele. We cannot therefore
conclude that PD increases as rectocele size sesedl he aetiology of rectocele
formation involves damage to the rectovaginal septhe most common mode of injury
is likely to be childbirth. It is possible thatlafect in this fascial layer allows the
normal downward intra-abdominal forces to be cotre¢ed on this weakened area
leading to the formation of a rectocele rather tlascent of the perineum as a whole.
The presence of a lateral rectocele was assoaiatedjreater PD suggesting that either
the two entities are caused by the same distributidorces or that PD contributes to

the formation of a lateral rectocele.

There was no relationship between RI and rectdoeteation and patients were more
likely to have a rectocele in isolation than in dmation with RI. The Oxford group
found the opposite to be the case (35 of 40 patieith a rectocele also had
intussusception).[96] This was a study of patievith faecal incontinence only, the
current study is larger and includes patients witilapse and obstructed defaecation
symptoms. The incidence of intussusception ingpadi with a rectocele was 38% and
this is similar to the findings of Thompson et2002) who looked at occult

intussusception in patients with obstructed deftcand found the incidence to be
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33% in patients with rectoceles.[178] The lowember of rectoceles in isolation in the
Oxford study may reflect the aetiological role wfussusception in faecal incontinence
(possibly through a pressure effect on the intesnal sphincter) especially in
combination with a rectocele. The lack of a pwesitielationship between Rl and
rectocele formation again suggests that differappserting structures are affected in the

development of each condition.

The method used for rectocele measurement in thik differed from that used by the
Oxford group.[96] The depth of the rectocele wasasured on the image of maximum
straining in the anterior-posterior dimension. étical line was drawn parallel to the
posterior anorectal angle, a perpendicular line @vas/n horizontally from this point to
the apex of the rectocele anteriorly. The usuahogkcomprises a vertical
measurement from the estimated point of wherenbetial" anterior wall of the rectum
should lie to the apex of the rectocele. A seRiadiologist was consulted in devising
this method and it was felt that it would providmare consistent and easily
reproducible measurement, however, by incorporaingw way of measuring rectocele

size into this study it does limit comparison wattmer work.

In agreement with the work of Mellgren in 1994 fradlthe patients with an enterocele

in the current study also had intussusception.[BBgre was no association between
enterocele formation and PD but 85.7% of the ptgiaith an enterocele also had a
rectocele. The presence of an enterocele is ceneslcby some groups to be a marker of

severe pelvic floor weakness.[179] In the studylairett et al enterocele was associated
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with increasing grade of RI.[179] This was alse tase in the current work; 13.8% of
the patients with a grade Il Rl had an enterocefepared to 20% each of those with
grade IV Rl and full rectal prolapse. This assticiabetween RI and enterocele
suggests the presence of a shared mechanism dbpeent. If enterocele formation is
a sign of severe damage to the pelvic organ suggstém then it would seem likely
that rectovaginal fascial injury has also occuirethese patients explaining the strong

association between enterocele and rectocelesrgtbup.

The intra-rater repeatability of the proctographieasurement techniques was assessed
by the same observer repeating the measuremebdsdases on a second occasion. For
rectocele size and each parameter of PD the mearobvariation between the two sets
of measurements was clinically acceptable at lems bne millimetre. There was 100%
agreement on the presence of a rectocele. lgtbig 22 patients had R, in two cases
the intussusception was not noted on one of thesumements. In 16 cases there was

agreement on the stage of the RI (72.7%, KappaV@alti7).

The inter-rater reliability of the technique wasessed using a second examiner to
repeat the measurements in 50 cases. Again uStand Altman analysis the mean
bias of variation between measurements of rectaeéeand all parameters of PD was
acceptable at less than one millimetre. Thereawmatplete agreement on the presence
of a rectocele and the presence and grade of iattasusception. The improved
agreement regarding RI grade in this study isYikelbe a reflection of the learning

curve of the first observer.
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Of all the parameters measured the greatest vhiyalias seen in the estimation of the
anorectal angle. See table 25. The posterioradathmeasuring the angle was used in
both the repeatability and reproducibility studidiswas necessary to identify the
anorectal angle in order to use this to representavel of the pelvic floor but the actual
value of the angle was not important in this stud@ize accuracy of measuring the angle
could be improved by using the computer softwarasugng device rather than a visual

estimation by the observer.

The mean PD measured in this group of 323 symptorpatients was 1.02cm (range,
0-3.15cm). This is less than that observed iniptesssmaller studies (Oettle, 2.9cm and
Henry, 3.2cm).[62, 72] This may be due to sevietiors. The current study utilised
the top of the commode seat as a consistent lamkdmadner than the pubococcygeal line,
to include these bony landmarks a wider field qureed and this produces glare and
increased exposure to radiation. The commoderskzs to the level of the ischial
spines which provides consistency with the meclameasurements used in other
parts of this work (chapter 2). A magnificatiowtiar was applied in the current study to
compensate for the magnification produced by flaoopy, this was not the case in the
work by Henry. Again to provide consistency wilte tother parts of this study, PD on
straining was measured at the point of maximumetesaf the anorectal angle before
the upper anal canal opened. It is possible thather studies descent on straining was
measured at a later stage in the evacuation prtimesshowing a greater degree of

descent.

150



Using the pubococcygeal line as a reference PDegtgr than 3cm was originally
deemed to be abnormal.[66] A degree of PD isgidtte normal defaecatory process
and there is wide variability in proctographic teiffues and methods of PD
measurement. It is therefore not possible to éstatvhat degree of PD is normal or

abnormal for any particular individual.

This group of 323 women presented with symptomsbstructed defaecation, faecal
incontinence or rectal prolapse and were felt tpuire a proctogram for further
investigation by their examining clinician as sulhy are representative of a range of
patients with pelvic floor disorders however theg aot a randomly selected sample.
The presenting symptoms were taken from the proatogequest cards rather than
from interviewing the patients themselves theretbeeaccuracy of this clinical
information was not validated. Men were not in@ddds the number presenting with
these problems in the study period was too lowltwaan accurate subgroup analysis.
Patients with a clinically obvious rectal prolapdgresentation will often proceed
straight to surgical intervention without proctogfng hence the low number of patients
with an external rectal prolapse found in this gtu@here is a bias towards younger and
more physically fit participants because proctogseis not usually requested for the
very elderly or frail patients who are unlikelyttderate the examination. There is also a

degree of self-selection as some patients will skawt too attend for the investigation.
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Summary

The methods used to measure PD, rectocele sizgradd of Rl and rectal prolapse
using defaecating proctography were assessed and fo be repeatable and

reproducible, consequently these methods couldsééd accurately in future studies.

The relationship between PD and other connectsgaié injuries of the pelvic floor is
complex. PD is positively associated with thesprece of rectal prolapse and lateral
rectocele formation, however, an individual canéham enterocele, a large rectocele or
a high grade of RI with less PD than patients wititbese findings. A rectocele occurs
when there is damage to the rectovaginal septunlagse of the rectum occurs when
the organ support structures are stretched and 8Pdevelop because of weakening of
the pelvic floor connective tissues. Although treuto the pelvic floor support
structures is common to the pathophysiology obathese conditions the exact
anatomical site of injury and thus the distributadrthe downward intra-abdominal

pressure is likely to determine the nature of thery that predominates.
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Chapter 5. The relationship between clinical symmms and proctographic findings

in patients with pelvic floor dysfunction

5.1 Aim

Connective tissue injuries of the pelvic floor amnmonly found during defaecating
proctography examinations of patients with pelNeof dysfunction but these findings
have also been noted on the examinations of asyngttoindividuals. Disorders of the
pelvic floor are not life-threatening but the maliby associated with these conditions
can have a major detrimental effect on qualityifef | As corrective surgery may be
offered to treat these conditions a better undedsatg of the symptoms caused by them
may help to guide clinical practice. The aim aétstudy was to identify which clinical
symptoms are associated with the presence of piddacdisorders demonstrated using

defaecating proctography.

5.2 Patients

For the previous study (chapter 4) Radiology depant records at the University
Hospital of South Manchester were used to generése of patients with pelvic floor
disorders who had been investigated with a defamrptoctogram in the two-year time
period of July 2009 to July 2011. The same padigmre included in the current study,
male patients were again excluded because the mwhbeen investigated during this
period was very small and therefore would not beqgadte to perform a subgroup

analysis.
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5.3 Methods

The defaecating proctograms were reviewed as pére@revious study (4.3 Methods).
The measurements of PD, presence and size of ebetagrade of Rl or prolapse and
presence of enterocele or lateral rectocele we@ded in an Excel database. The
patients who had been investigated with proctograpre contacted by post and
invited to complete the short form of the Pelviodtl Distress Inventory questionnaire
(PFDI-20 see appendix 4). The questionnaire ispem®d of 20 questions which assess
the presence of urinary, anorectal and pelvic oggatapse symptoms and the amount
of "bother" they cause. If a symptom is preseatgéatient is asked to grade the impact

of it using a scale of 1 to 4 (1 = never causelkdr¥ = quite a bit of bother).

5.3.1 Data analysis

Data analysis was performed using SPSS® for Wind@ssion 16.0 (SPSS Inc,
Chicago, IL). The presence of each proctographairig was correlated with each

symptom score using the chi-square test.
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5.4 Results

Questionnaires were distributed to 288 female pttiho had been investigated with
proctography between July 2009 and July 2011. duestionnaires were completed and
returned by 178 patients (61.8%). The group tbtatrned the questionnaires were
significantly older than the group that did notlyefs6.6 years versus 52.2 years,
compared using independent samples t test p= 0X1g.two groups did not vary
statistically in terms of mean PD, rectocele spresence of intussusception and

prolapse or presenting clinical problem.

Table 26. Distribution of clinical problems

Clinical problem Frequency of cases
Questionnaire completed Questionnaire not completed
(n=178) (n=110)
Difficult 63 45
defaecation
Rectal prolapse 20 12
Rectocele 21 11
Faecal incontinence 46 20
Urogenital prolapse 0 1
Chronic 19 16
constipation
Perineal trauma 0 1
Perineal pain 1 0
Unknown 8 4
Table 27. Mean perineal descent and rectocele siz@asurements
Responders (n=178) Non-responders (n=110) P value

Perineal 0.96 + 0.63 (0 to 3.05) 1.08 + 0.65 (0.10 to 3.15) 0.10
descent (cm)
Rectocele size 1.93 £ 0.59 (0.60 to 3.55) 1.94 +0.61 (0.85tdb¥.3  0.93
(cm)
Data are means +SD and (range), means compared gisntdependent samples t test
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Table 28. Incidence of rectal intussusception ancectal prolapse

Frequency of cases

Responders (n=178) Non-responders (n=110) P value
Rectal 69 43 0.93
intussusception /
prolapse

Data are number of cases with rectal intussusceptar rectal prolapse, compared
using chi-square test

5.4.1 Surgical history

An addendum was added to the questionnaire fgodkient to include the nature and
date of any bladder, bowel or pelvic floor surgérgy had undergone. Following
investigation with proctography some patients wento have corrective surgery, 45 of
the 178 responders completed the questionnairelafténg an operation. In this group
the questionnaire results reflect the effects ofety rather than the symptoms
potentially caused by the proctographic findingd trerefore these 45 questionnaires
were excluded from the study. Of the remaining fp&B8ents 88 had never had surgery,
34 had undergone pelvic floor surgery some yeaos for presenting for investigation

on this occasion and 11 went on to have an operatier proctography but completed

the questionnaire based on their pre-operative &ymg

The questionnaire scores were dichotomised; aipesgsponse was defined as the
presence of the symptom plus a score of 2 to 4hembpact scale. A negative response
was defined as the presence of the symptom witmpact score of one only (it does
not bother the patient at all) or the absence @sgmptom. Questions that were not

answered by an individual participant were omitted.
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For each of the 20 questions the participants wWimded into two groups based on
either a positive or negative response to the gquresi chi-square test was used to
determine a difference in the incidence of the fwgi@phic findings between the two
groups. The following proctographic findings wemrelated with each question; PD
greater than 1.5cm, presence and size of rectdgklegctal prolapse, enterocele and

lateral rectocele. See appendix 5.

Table 29. Number of patients with each proctograpltu finding

Proctographic finding Number of cases Percentage of total

(n=133) %
Perineal descent 26 19.5
>1.5cm
Rectocele 117 88
Rectocele >2cm 50 37.6
Rectal intussusception 49 36.8
Rl Grade | 1 0.8
RI Grade I 20 15
RI Grade Il 9 18.1
RI Grade IV 16 12
Rectal prolapse 3 2.3
Enterocele 17 12.8
Lateral rectocele 8 6

5.4.2 Symptoms of pelvic organ prolapse

Table 30. Questions relating to pelvic organ prolage

Question Question

Number

1 Do you usually experience pressure in the loweioemen?

2 Do you usually experience heaviness or dullnesise lower abdomen?

3 Do you usually have a bulge or something falbagythat you can see or
feel in the vaginal area?

14 Does a part of your bowel ever pass throughebiim and bulge outside
during or after a bowel movement?

20 Do you experience pain or discomfort in the Ioaledomen or genital
region?
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The presence of a rectocele greater than 2cmenves associated with a bulge that

could be seen or felt in the vagina.

Table 31 Correlation of question 3 and rectoceleze

Q3 Do you usually have a bulge or
something falling out that you can see

Rectocele size (cm)

feel in the vaginal area? rectocele<jrectocele2-4 Total
Q3 NO OR MINOR Patient
SYMPTOMS number 59 22 8
% 71.8% 28.2% 100.09
CLEAR Patient
SYMPTOMS number 21 28 53
% 49.1% 50.994 100.09
Total Patient 83 50 133
number 7
% 62.4% 37.69% 100.09

Pearson Chi-square p=0.01*

*significant at p<0.05 level

Only two of the 47 patients with the symptom oftaéprolapse were found to have

proctographic evidence of external rectal prolagae of the 83 patients who denied

having this symptom had a demonstrable prolapggactography. Rl was present in

29 of the patients who complained of rectal prataipst this was not significantly

different from the incidence in patients withousteymptom.
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Table 32. Correlation of question 14 and rectal prlapse

Q14 Does a part of your bowel ever pags Rectal prolapse
through the rectum and bulge outside dul
or after a bowel movement? no prolapsq prolapsel Total
Q14 NO OR MINOR Patient 82 1 83
SYMPTOMS number
% 98.8% 1.2% 100.09
CLEAR SYMPTOMS Patient 45 2 47
number
% 95.7% 4.3% 100.09
Total Patient 127 3 130
number
% 97.7% 2.39%4 100.09

Pearson Chi-square p=0.27

Table 33. Correlation of question 14 and rectal itussusception

Q14 Does a part of your bowel ever pags Rectal Intussusception
through the rectum and bulge outside dul
or after a bowel movement? RI No RI Total
Q14 NO OR MINOR Patient
SYMPTOMS number 29 53 82
% 35.49% 64.6% 100.09
CLEAR SYMPTOMS Patient 16 29 45
number
% 35.69 64.4% 100.09
Total Patient 45 82 127
number
% 35.49% 64.6% 100.09

Pearson Chi-square p=0.98

The formation of a lateral rectocele was associatéiiithe sensation of rectal prolapse
but this difference did not reach statistical siigance (10.6% of patients with the

symptom versus 2.4% without the symptom, p=0.0%)ere were no statistically
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significant associations between the other proeoigic findings and the above

symptoms of pelvic organ prolapse.

5.4.3 Symptoms of anorectal dysfunction

Table 34. Questions relating to anorectal dysfunixin

Question Question

Number

4 Do you usually have to push on the vagina orraldbe rectum to have a
complete bowel movement?

7 Do you feel you have to strain too hard to habewel movement?

8 Do you feel you have not completely emptied yoowels at the end of a
bowel movement?

9 Do you usually lose stool beyond your contrglatir stool is well
formed?

10 Do you usually lose stool beyond your contrglatir stool is loose or
liquid?

11 Do you usually lose gas from the rectum beyanat gontrol?

12 Do you usually have pain when you pass your8too

13 Do you experience a strong sense of urgencyawel to rush to the

bathroom to have a bowel movement?

The use of manual pressure around the vagina tumeo facilitate defaecation was
reported in 89 respondents. There was no staiistisignificant relationship with any
proctographic finding. A rectocele was preser@9r0% of those with the symptom but

85% of those who denied the symptom were also feardve a rectocele (p=0.42).

Straining to defaecate was also a commonly repayatptom (102 positive responses).
There was no association with PD greater than 1,.38n(77.5%) of the patients who
strain had less than 1.5cm of PD. There was rerdiice between the patients who did
and did not strain with regards to presence oraizectocele. Straining was not

associated with the presence of RI; only 30.3%atiepts who reported straining were
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found to have a degree of Rl and more than halB@3 of those with intussusception

did not report the need to strain.

Incomplete evacuation was a bothersome symptorhZbrespondents. It was not
associated with any particular proctographic figdiThe 10 patients who did not
complain of incomplete evacuation were all founthave a rectocele and half of these

were greater than 2cm in size.

Incontinence of formed stool was reported by orfyéspondents. Rl was present in
half of these patients compared to only 26% ofeéheko did not complain of this

symptom.

Table 35. Correlation of question 9 and rectal intssusception

Q9 Do you usually lose stool beyond yopr Rectal intussusception
control if your stool is well formed? RI No RI Total
Q9 NO OR MINOR Patient
SYMPTOMS number 19 54 3
% 26.09 74.09% 100.09
CLEAR SYMPTOMS Patient 27 26 53
number
% 50.994 49.1% 100.09
Total Patient 46 80 126
number
% 36.59¢ 63.5%9q 100.09

Pearsons Chi-Square p=0.00*
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In the group of 49 patients with RI or rectal ppde there was a positive linear trend, as
the grade of Rl increased the likelihood of havimgpntinence for formed stool also

increased.

Table 36. Correlation of question 9 and grade ofactal intussusception

Q9 Do you usually lose stoo Grade of Rectal intussusception
beyond your control if your
stool is well formed? noRI| 1 2 3 4 5 | Total

Q9 NOOR Patient
MINOR number o4 0 8 3 8 3 76

SYMPTOMS
& 7119 0% 1059 3.9% 10.5% 3.9% %0

CLEAR Patient 6 1 12 6 8 0 53

SYMPTOMS number
0,
& 49.19 1.9% 22.6% 11.3% 1519 0% 0o
Total Patient 80 1 20 o R A
number
" 100.4

62.090 0.894 15.59% 7.0% 12.49% 2.3%

Pearsons Chi-Square p=0.04*
Linear-By-Linear Association p=0.10

The number of patients with each grade of Rl islsamal the positive trend is not
statistically significant however a positive retatship between increasing grade of RI
and the presence of this symptom can be demors$uiaieg a Mann Whitney U test

(p=0.04).

The symptom of incontinence of liquid stool wasbadssociated with the presence of RI

and again a weakly positive trend within the gratiRl was seen.
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Table 37. Correlation of question 10 and rectal itussusception

Q10 Do you usually lose stool beyond yo

Rectal intussusception

control if your stool is loose or liquid? R No Rl | Total
T I I
% 18.29% 81.8% 100.09
CLEAR SYMPTOMS Patient 38 48 86
number
% 44.29% 55.89q 100.09
Total Patient 46 84 134
number
% 35.49% 64.6% 100.09

Pearson Chi-square p=0.00*

Table 38. Correlation of question 10 and grade akctal intussusception

Q10 Do you usually lose stodl Grade of Rectal intussusception
beyond your control if your
stool is loose or liquid? |noRI| 1 2 3 4 5 Total
Q10NOOR Patient
MINOR number 36 0 4 2 2 1 43
SYMPTOMS
o 80.0% 0% 8.9% 449 4.4% 229 100
CLEAR Patient
SYMPTOMS number a4 4 1§ 7 14 2 88
0
& 5459 1194 1829 8.0% 1599 2.3% %0
Total Patient g 1| 20 o 16 3 133
number
0
& 63.29 .89 15.094 6.89%4 12.094 2.3% 10%'/5

Pearsons Chi-Square p=0.11

Linear-By-Linear Association p=0.01*
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Incontinence of flatus was only significantly ass¢ed with the presence of Rl. The

presence of pain on passing stool was not assdaitle any proctographic finding.

Table 39. Correlation of question 11 and rectal itussusception

Q11 Do you usually lose gas from the rec Rectal intussusception
beyond your contro] R NoRI | Total
Q11 NO OR MINOR Patient
SYMPTOMS number 6 26 32
% 18.899¢ 81.2% 100.09
CLEAR SYMPTOMS Patient 40 58 08
number
% 40.89¢ 59.29 100.09
Total Patient
number 46 84 130
% 35.49% 64.6% 100.09

Pearson Chi-square p=0.02*

Table 40. Correlation of question 11 and grade akctal intussusception

Q11 Do you usuall lose gas fror Grade of rectal intussusception
the rectum beyond your control .o rI] 1 2 3 4 5 [ Total

Q11 NO OR MINOR Patient
SYMPTOMS number

0,
& 8129 .09 9.4% 0% 9.4% 094 "0

26 0 3 0 3 0 32

CLEAR Patient
SYMPTOMS  number 8 17 9 13 3 101
0]
o 57.4% 1.09416.8% 8.9912.9% 3.0% 10002
Total Patient a4 1 20 ° N 1 1
number
% 100.(

63.294 0.89415.09% 6.89412.09%9 2.3% 4

Pearsons Chi-Square p=0.19
Linear-By-Linear Association p=0.03*
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Faecal urgency was reported by 86 respondentsy®®efe found to have a degree of
RI compared to 21.3% of those without urgency.

Table 41. Correlation of question 13 and rectal itussusception

Q13 Do you experience a strong sense pf Rectal intussusception
urgency and have to rush to the bathroor
have a bowel movement? RI No RI Total
Q13 NO OR MINOR Patient
SYMPTOMS number 10 37 41
% 21.39%4 78.7% 100.09
CLEAR SYMPTOMS Patient 39 47 83
number
% 43.49 56.6% 100.09
Total Patient 46 84 134
number
% 35.49%0 64.6% 100.09

Pearson Chi-square p=0.01*
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Table 40. Correlation of question 13 and grade akctal intussusception

Q13 Do you experience § Grade of rectal intussusception
strong sense of urgency &
have to rush to the bathrot
to have a bowel movemerf noRI| 1 2 3 4 5 | Total

Q13 NO OR Patient
MINOR number 37 1 6 1 2 0 41

SYMPTOMS ,
o 78.79% 2.19412.8% 2.14 434 .0% 109)-/5

CLEAR Patient
SYMPTOMS number| 4’ 0 14 g 14 3 84
0,
© o |sa7W 0% 16.3% 9.3% 1639 3.5% O]
Total Patient 84 1 20 9 16 3l 133
number
% 100.(

63.294 0.894 15.09% 6.894 12.0% 2.3%

Pearsons Chi-Square p=0.03*
Linear-By-Linear Association p=0.00*

5.4.4 Symptoms of urinary dysfunction

Table 43. Questions relating to urinary dysfunctio

Question Question

Number

5 Do you usually experience a feeling of incompldselder emptying?

6 Do you ever have to push up in the vaginal ari#a your fingers to start
or complete urination?

15 Do you usually experience frequent urination?

16 Do you usually experience urine leakage assxtiaith a feeling of
urgency; that is, a strong sensation of needirgptto the bathroom?

17 Do you usually experience urine leakage relaiemughing, sneezing or
laughing?

18 Do you usually experience small amounts of ulea&age (drops)?

19 Do you usually experience difficulty emptyinguydladder?
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Rectocele was a common finding in both patients aitd without urine leakage (90%
and 85% respectively). In those with urine leakilgerectocele was more likely to be
small in size whereas 32 of the 70 patients withloetsymptom of urine leakage had a

rectocele that was greater than 2cm in size.

Table 44. Correlation of question 18 and size okrctocele

Q18 Do you usually experience small Size of rectocele
amounts of urine leakage (drops)? |rectocele<]rectocele2-d Total

T of o

% 54.3% 45.7% 100.09

CLEAR SYMPTOMS Patient 43 17 60
number

% 71.7% 28.3% 100.09

Total Patient 31 49 130
number

% 62.3% 37.79% 100.09

Pearsons Chi-square p=0.04*
Linear-By-Linear Association p=0.04*

The only other urinary symptom to show a relatigpstith a proctographic finding was
that of difficulty emptying the bladder, 38 respents reported the presence of this

symptom. There was a positive relationship betwkermpresence of an enterocele and
difficulty emptying the bladder, 23.7% of those wdiear symptoms had an enterocele

compared to only 8.5% of those without symptoms.
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Table 45. Correlation of question 19 and presenc# enterocele

Q19 Do you usually experience difficulty Enterocele
emptying your bladder? enteroceld no enterocel{ Total

Qe O SRINOR  Peert T

% 8.5% 91.59% 100.09

CLEAR SYMPTOMS Ej:rlg:atr 9 29 38

% 23.7% 76.3% 100.09

Total Patient 17 115 134
number

% 12.9% 87.19q 100.09

Pearsons Chi-square p=0.02*
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5.5 Discussion

The aim of this study was to identify which clinisgmptoms were associated with the
common pelvic floor abnormalities found on defaeggaproctography examinations.
The Pelvic Floor Distress Inventory short form digsaire was completed by 178
women in total, 133 women answered the questiossdan their symptoms prior to

interventional surgery.

RI was the proctographic finding which was sigrafidy associated with the most
clinical symptoms, a degree of intussusception pvasent in 49 respondents (36.8%).
Intussusception was associated with a bothersogree®f the symptoms of
incontinence of flatus, incontinence of both fornaed liquid stool and faecal urgency.
Incontinence may be caused by the pressure efffi¢loe antussusceptum on the internal
sphincter but this would only occur in the caséigh grade (IV) intussusception and
most of the RI seen in this study was low grade (Urgency is usually associated with
poor external sphincter function, it is difficutt €xplain the association with Rl in this
study. It is likely that other unquantified factdrave contributed to the development of
urgency and incontinence in these patients with@rrelation with anal manometry
results would clarify this further. A limitatiorf this study is the lack of additional
anorectal physiology studies. There was a positered towards an increase in the
number of patients with faecal incontinence of fechand liquid stool as the grade of RI
increased however the number of patients with gaatie of Rl was too small for this
interpretation to be valid. Straining, often calesed to be closely associated with this

condition, was not linked to the presence of Rhis study.
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Rectocele was the commonest proctographic findirtge study, it was present in 117
subjects (88%). In 50 women the rectocele wastgrélaan 2cm in size. The sensation
of a bulge into the vagina was only associated thighpresence of a larger rectocele
(>2cm), this reinforces the theory that small reetes can often be asymptomatic (this
was highlighted by the Shorvon et al study of psgcaphy in normal volunteers in
1989).[86] Vaginal digitation is a mechanism enyeld by many women to empty a
rectocele and thus alleviate obstructed defaecatisstudy did not show an
association with this symptom and the presencere€@cele. This may represent the

reluctance of some women to use this manoeuvre adrit to using it.

It is not our routine clinical practice to invesitg patients diagnosed clinically with an
external rectal prolapse with defaecating proctpolgyaherefore there were only three
patients found to have a rectal prolapse radioldlyien this study. Interestingly 47
patients complained of the sensation of prolaps29iof these women this could be
explained by the presence of a degree of RI althdlig was not a statistically
significant association. This suggests that timsaton of rectal prolapse is not a
sensitive indicator of actual external prolapse i@y represent either the presence of
other pathologies not measured during this studgh(s.s haemorrhoids or mucosal

prolapse) or a neuropathic element which givestaghis sensation.

The sensation of rectal prolapse was associatédtingtpresence of lateral rectocele

although this did not quite reach statistical digance. Lateral rectocele and enterocele

were not common proctographic findings (8 and Isésaespectively). The only
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symptom associated with the presence of an enferaas difficulty emptying the
bladder. This could be explained by external pnesef the herniating small bowel
loops behind the bladder. As mentioned in the iptes/chapter (4) an enterocele may
be a sign of severe damage to the supporting atescdf the pelvic floor therefore the
association between enterocele and difficulty empgtyhe bladder may be a reflection

of the weakness of all three compartments of tigioor.

As previously mentioned in chapter 4 these patiert® not a random sample, they
were included because they were felt to requirefaaetating proctogram by their
examining surgeon. The PFDI short form questiamniaia validated tool which has
been shown to have good test-retest reliabilityasd is shorter in length than the
original PFDI it is relatively quick and convenigntcomplete. The questionnaire was
not designed to be an aid to diagnosis, it is tieetbcument symptoms and the impact
they have on quality of life. Subjectivity is in&@ble in a study which uses self-
reported questionnaires, the patient must recalsyimptoms that they had at the time of
proctography and the accuracy of this recall magfbected by the lapse of time
between presentation and completion of the quastioa. In 11 cases the respondents
had undergone interventional surgery but complétedjuestionnaires with regards to
their symptoms prior to their operation. The aecyrof the responses in these cases
will depend on the patient's ability to recall thgie-operative symptoms and it may also
be influenced by their satisfaction with the reswit surgery. The questionnaires were

distributed by post and completed by patients imgbe but the sensitive nature of the
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guestions may also influence the accuracy of tepaieses, some patients may not wish

to admit to certain symptoms such as vaginal digiteor incontinence.

The PFDI-20 uses a four point scale to grade thpaahof a symptom on quality of life.
A score of 1 represents a symptom that is presgrddes not bother the patient at all.
In this study the scores were dichotomised sodtsaore of 1 was grouped with a
negative response to the question (i.e. the symptasnot present). This was the case
because surgery is only considered when a sympteatlg affects the quality of a
patient's life, however , this does influence titeripretation of the results. By including
all positive answers to the questions regardlesseofymptom impact there may have

been a stronger association between certain prnagbig findings and symptoms.

We must also consider the possibility of a posiigsociation between symptoms and
proctographic findings due to chance when a latgeber of statistical tests are
performed. Using a p value of 0.05 we would exfeict 20 (eight) of the tests to be
positive by chance. In this study there were atigttcally significant results. The use
of a Bonferroni calculation can be applied to afteto correct for this (p values are
multiplied by the number of tests performed) buthas is an exploratory study without
a definitive outcome this calculation has not bperformed but the above point is of

relevance in interpreting the significance of timeliings.

In 1989 Shorvon et al introduced the idea thatifigd previously thought to be

pathological such as RI, PD and rectocele coulgrbsent in asymptomatic individuals
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including nulliparous women and men.[86] Rectoeeasurement and grading of Rl
were carried out using different methods from theent study but a rectocele was
present in 17 of the 21 females and 3 of the 24&snalcluded. RI of grade IV or greater
was found in 22 of the 44 subjects. Although thés a small study it illustrates the

need for caution when interpreting and acting @nrésults of proctography.

There is limited work on the relationship betweénical symptoms and radiological
findings in patients with pelvic floor disorder$he methods used to identify both pelvic
floor disorders and symptoms vary greatly. Haredv(d®99) found an association
between PD and the symptom of straining in a sgrallip of patients who had
completed a course of biofeedback training.[70gtP(2005) examined a large series of
urogynaecological patients (505 women) using tamnal ultrasound scanning; 54%
were found to have a 'true rectocele' (a demoristddfect in the rectovaginal septum).
This finding was strongly associated with the syonm of incomplete bowel emptying
and vaginal digitation and to a lesser extent witficult defaecation, chronic
constipation and faecal incontinence.[95] ReceBtlyekhius et al (2010) used
magnetic resonance imaging in combination withUhegenital Distress Inventory and
Defaecatory Distress Inventory questionnaires fuae the relationship between
perineal position and descent and clinical symptoiitge only symptom associated with
PD in this study of 69 women was that of genitalgpse.[71] In the evaluation of a
new technique for rectocele repair D'Hoore (20@8)etbped a scoring system to assess
the symptoms of rectocele. This includes manyefdymptoms traditionally associated

with the condition such as; prolapse, strainingnua support and digitation,
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incomplete or obstructed defaecation and tenesi@@.[Altomare et al (2007) have
created and validated a simple 8-point questioerfairthe assessment of obstructed
defaecation syndrome.[181] This type of doctor-guistrated assessment tool may be
of more value in recording symptoms pre- and pgst-atively than extensive patient

reported questionnaires.

Rectocele, RI, enterocele and PD may all be presgrdtients with obstructed
defaecation. Pescatori (2006) described obstrud#ézkcation as an "iceberg
syndrome".[128] Surgical correction of the obvi@ngprominent condition may fail
because of occult lesions which are not taken gotwideration. As well as connective
tissue injuries this may include a degree of pdiaior dysynergia and psychological

factors like anxiety and depression.

The current work could be expanded in the futuna¢tude other parameters of pelvic
floor physiology including anal manometry, endoam#iasound and pudendal nerve
function. As the pathophysiology of pelvic flooysfunction is multifactorial the
current study does not take into account the dauion of anal sphincter muscle
weakness and pudendal neuropathy to clinical sym@tology. Manometry values
would be particularly useful in determining thelirgnce of RI and rectocele in patients
with faecal incontinence. Although there is aistatal association between certain
proctogram findings and clinical symptoms the pneseof a particular anatomical

defect on proctography cannot be considered abtel@ specific indicator of pelvic
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floor pathology therefore it would be unsafe toqaed to correction of this defect on

this basis alone.

Summary

RI was associated with the most clinical symptomthis study. PD was not

significantly associated with any of the common pyoms of pelvic organ prolapse,
anorectal dysfunction or urinary dysfunction. Lergectoceles were associated with the
sensation of a vaginal bulge but not with vagingitdtion. The sensation of rectal
prolapse was a common complaint which was oftesgmtedespite an absence of

external prolapse demonstrated on proctography.

There are many available questionnaires to docupwdaic floor symptoms and the
impact such symptoms have on quality of life. [@efting proctography remains a
valuable way of assessing patients with pelvicrfldisorders but other techniques such
as transperineal and endoanal ultrasound and dgrmaagnetic resonance imaging are
now also being employed to assess these pati€éhtsaim of this study was to
determine whether certain symptoms were relialdpeiated with specific
proctographic findings. Using symptoms to prethiet presence of pelvic floor
disorders can be an aid to diagnosis but pelvirfttysfunction is a complex condition
which reflects a global insult to the muscles, esrand connective tissues of the pelvic
floor. Patient-reported questionnaires are a lisedy to provide a symptom inventory
but they are probably more valuable in establiskiegimpact of symptoms on quality

of life. Simple clinical tools such as that of édhare et al [181] may be of use in
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clinical trials or to determine outcomes after guyg The decision to operate should
continue to be made on an individual basis takimig account a variety of factors which

should include but not solely rely on radiologitabging.
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Chapter 6. Connective tissues changes in rectalgapse

6.1 Aim

The aim of this study was to determine whethegunentity and organisation of
collagen and elastin in connective tissues is diffein females with rectal prolapse
compared to females without rectal prolapse. Bespwere taken from the abdominal
wall, pelvic floor fascia and thigh of patients @ngoing surgical repair of a rectal
prolapse and compared to biopsies taken from gatieithout pelvic floor symptoms

undergoing abdominal or pelvic surgery for an wetesl pathology.

6.2 Patients

Ethical approval was obtained from the Greater Master East Research Ethics
Committee and written consent was taken from atigpants (REC Reference Number
11/H1013/2). Potential participants were identifiesing University Hospital of South

Manchester surgical waiting lists.

6.2.1 Inclusion criteria

Female patients having elective surgery (abdomewbpexy) to repair a rectal prolapse
at the University Hospital of South Manchester wiatduded in the study. Female
patients without pelvic floor disorders who werering abdominal or pelvic surgery
(including colorectal resections for cancer, inflaatory bowel disease or diverticular

disease and gynaecological procedures) were redrtgtact as normal controls.
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6.2.2 Exclusion criteria

Patients were excluded if they had dementia orratbgnitive problems affecting their
ability to give informed consent. The number oflenaatients with rectal prolapse that
presented during the study period was insufficiergrovide an adequate sub group for

analysis therefore male patients were excluded trosstudy.

6.3 Methods and materials

Abdominal rectopexy is performed by two Consult@atgeons at the University
Hospital of South Manchester. Approximately 3(0gyats undergo the procedure at this
site each year. The operation is carried out ugdeeral anaesthesia and in this study
an open technique was used in all cases. Consmnbkltained from participants on the
morning of surgery or one week prior to this in fine-operative assessment clinic.
Demographic details including age, parity and mangpl status were recorded for each
participant. The control group participants weuestioned to ensure that they did not
have any symptoms of pelvic organ prolapse, diffidafaecation, faecal or urinary

incontinence.

6.3.1 Joint mobility assessment

Joint mobility was assessed using the BeightoneSabthe time of gaining consent

(chapter 3).

178



6.3.2 Biopsy technique

Biopsies were taken in the operating theatre #fieadministration of general
anaesthesia. Tissue samples were taken fronollbeving three anatomical sites; the
rectus sheath, the pelvic floor fascia (tissue ftbenPouch of Douglas or the
rectovaginal septum) and the subcutaneous tisstie @nterior thighFree hand
biopsies of the rectus sheath and the pelvic flascia were taken during the operation.
A Pfannenstiel lower abdominal transverse incisioa lower midline laparotomy
incision were used for access. The rectus shéagisibs were taken during the incision
of the abdominal wall. The pelvic floor tissue vimspsied following postero-lateral
mobilisation of the rectum, prior to suture fixatiof the rectum to the sacrum. This

tissue was taken from the Pouch of Douglas oré¢htovaginal septum depending on the

extent of the distal mobilisation of the rectum.
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Figure 47. Pfannenstiel skin incision for abdomimhaectopexy showing the layers of
the abdominal wall
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Figure 48. Rectus sheath biopsy
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Figure 49. View of the anterior rectum in the pedv
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A disposable 16 gauge core biopsy needle (intarpeBCore Biopsy Instrument™) was
used to take a single biopsy of the subcutanesssdiof the anterior thigh. This sample
was taken following the operation while the patiemhained under anaesthesia. The
skin of the anterior thigh was prepared with amtigesolution prior to taking the biopsy
and the puncture wound was covered with a sterdssihg afterwards. The

subcutaneous tissue overlying the right quadrioepscle was sampled in each case.

Figure 50. Needle core biopsy of subcutaneousugssf thigh

Figure 51. Biopsy needle containing subcutanedissue from the thigh

181



The biopsies from each site were fixed in 10% radmffered formalin. The specimen
pots were labeled with the patient trial number redspecimen details before being

transported to the Histopathology laboratory at 8eester Royal Infirmary.

6.3.3 Tissue processing, embedding and cutting séctions

Each specimen was placed in a cassette labeledheittorresponding trial number. An
automated tissue processor using a routine overpigigramme was used to process
and embed the tissue in paraffin wabhe paraffin wax blocks were trimmed to
maximally expose the surface area of the tissuéeiéa RM2245 rotatory microtome
was used to cut a ribbon of sections at a thickn&&sur micrometres. Individual
sections were placed in a water bath (42°c) tteflabut any creases in the wax.
Sections were then orientated, positioned on s gide and allowed to dry. The tissue
processing and staining was performed by labordamtynicians observed and assisted

by myself.

6.3.4 Staining techniques

Conventional tinctoral stains were used through@ut.automated staining instrument
was used to perform haematoxylin and eosin staiftingiorphology. The Elastic Van
Gieson technigue was used to demonstrate the eallagd elastin content of the
specimens. The slides were stained in batcheg astontrol slide of a section of
unrelated artery for each batch. The sections wedrgdrated using three stages each of
xylene and industrial methylated spirit. The smtdiwere washed in water and then

stained with 0.5% potassium permanganate solutiofife minutes. The sections were
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rinsed with water then decolourised using 2% oxadicl. They were then rinsed in

water and alcohol before being stained with Mileglastin for up to three hours.

Figures 52, 53, 54 . Slides stained with 0.5% @siam permanganate, washed with
2% oxalic acid and stainedvith Miller’s elastin stain

Following this stage the control slide was examineder the microscope to ensure that
the elastic fibres had been adequately stainedldaek The sections were rinsed in
alcohol and placed in Van Gieson solution for twiautes. The sections were then
dehydrated by being taken back through the instiafjes of xylene and industrial
methylated spirit. Cover slips were then applisthg a xylene- based mountant

(Pertex).
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Figure 56. Slides following completion of Elastiéan Gieson staining

6.3.5 Slide examination

A standard method was used to provide a semi-ga#iné estimate of collagen and
elastin content and organisation. This involvedmexation of the slides by a single
Professor of Osteoarticular Pathology on one oooasihe examiner was blinded to the

clinical history of the patient. Simple gradingsgms were devised to assign arbitrary
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scores to each slide based on an estimate of thergage of collagen and elastin
present and the organisation of collagen and eléibties. The fibres in well organised
collagen form densely packed longitudinal bundlespoorly organised collagen the
fibres appear as loosely aggregated clumps. Aesaiod to 3 was assigned according to

the perceived degree of organisation.

Figure 57. Grading system for collagen content

Percentage of collagen in specimen
Nil seen <25% 25-75% >75%
Score 0 1 2 3

Figure 58. Rectus sheath H+E x20
magnification

Collagen content >75% (score 3)
Collagen organisation good (score 3)
Arrow: densely packed collagen bundles

Figure 59. Rectus sheath H+E x20
magnification

Collagen content >75% (score 3)

Collagen organisation poor (score 1)

Arrow: fat cells interspersed in loosely packed
collagen
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Figure 60. Grading system for collagen organisatio

Collagen organisation in specimen
No collagen Poorly organised Intermediate Good
seen organisation organisation
Score O 1 2 3

With the Elastic Van Gieson method collagen staink-red, elastin stains dark blue
and muscle appears yellow. The actual percentbglastin present was estimated
rather than using a scoring system. This was lsectiie amount of elastin in these
tissues was expected to frequently be between G@%dtherefore this system made it
possible to distinguish between cases which mag béwrwise been grouped together

if a range had been used.

Well organised elastin forms rope-like bundlesibifds whereas poorly organised
elastin is seen as a mesh of loosely aggregated.koscore between 0 and 3 was

assigned based on the perceived degree of organisat

Figure 61. Pelvic floor fascia EVG x20
magnification

em =2 Elastin content 70%

a8 ¥4 Elastin organisation good (score 3)
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Figure 62. Rectus sheath EVG x20
magnification
Elastin content 5%

Figure 63. Grading system for elastin organisation

Elastin organisation in specimen

Nil Poor Intermediate Good
seen organisation organisation organisation-
- knots - some fibrillar
knots
Score O 1 2 3

Figure 64. Pelvic floor fascia EVG x40
magnification

Elastin content 30%

Elastin organisation poor (score 1)

Figure 65. Pelvic floor fascia EVG x20
magnification

Elastin content 40%

Elastin organisation good (score 3)
Arrow: fibrillar elastin

Elastin organisation intermediate (score 2)
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6.3.6 Data analysis

Data analysis was performed using SPSS® for Wind@xsion 16.0 (SPSS Inc,
Chicago, IL). The rectal prolapse and normal geowpre compared using linear
regression modeling with generalised estimatingagqos which adjusted for multiple

biopsies.

6.4 Results

Biopsies were obtained from a total of 27 femaliepds. Abdominal rectopexy was
performed in 18 patients with rectal prolapse, pagent who underwent a posterior
colporrhapy to repair a rectocele was includedhengrolapse group and the remaining 8
patients were normal controls. The rectal prolapsep were significantly older than
the control group (64 years versus 47 years, coapasing independent samples t test,
p=0.01). The median Beighton score was 0 in batkygs but the control group had a
higher maximum score with a range of O to 4. Tdrege of the Beighton score in the
prolapse group was 0 to 2. The median parity éréctal prolapse group was 2 with a
range of 1 to 5 (data was unavailable in 3 casesdhe control group the median parity

was 0 with a range of 0 to 3, five of the contratipnts were nulliparous.
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Right Hemicolectomyh n
(cancer)
Sigmoid colectomy- 1
(diverticular disease

lleocaecal resectio 1
(Crohns)

Diagnostic 5
Laparoscopy (gynae

0 1 2 3 4 5 6

Figure 66. The operations performed in control pets

During the examination of the slides it was notet some biopsies included two very
distinct areas. This was only observed in theatgmblapse group and it was seen in
biopsies taken from both the rectus sheath angdehc floor fascia. In these cases the
two areas were scored separately and thus clasgea alifferent biopsies from the
same site in the same individual. This was the &asfive of the rectus sheath biopsies

and two of the pelvic floor fascia biopsies.
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Figure 67. Rectus sheath H+E x10
magnification showing two distinct
areas

area 1: >75% well organised collagen
area 2:>75% poorly organised
collagen

In the rectal prolapse group two patients did rasteha biopsy taken from the rectus
sheath. In one case this was because a postelparhapy was performed and
therefore the abdomen was not opened and in oedlvaie was difficulty obtaining an
adequate tissue sample because of multiple previp@sations. In the control group all

eight participants had one biopsy of the rectusithe

In the rectal prolapse group two patients did resteha biopsy taken from the pelvic

floor fascia because of technical difficulties digyithe procedure. In the control group
five patients had a single biopsy of the pelviofléascia. In one case two biopsies were
taken as there was concern about the adequacg sathple. Both biopsies were
adequate and were therefore both processed. bades of the remaining two control
patients a single biopsy was taken from the pdlamr fascia but they could not be
included in the analysis because one containeghéfisant degree of endometriosis

which affected the interpretation of the slides and contained only fat.
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Ten participants consented to have a biopsy taken the subcutaneous tissue of the
thigh (eight patients with rectal prolapse and twatrol patients). Five of these
samples contained fat and two contained muscle amiywere therefore not included in
the study. Two of the viable samples were fromalgmrolapse patients and one was
from a control patient. In all three cases théag@n content was between 25 and 75%
but it was poorly organised. The elastin conteas wstimated at 30 and 80% in the
prolapse patients and 50% in the control and isadEs the elastin was well organised.

No statistical analysis was possible due to thg serall number of biopsies.

As some biopsies contained two areas with a diyiddferent connective tissue
composition the variability between biopsies takem the same site in the same
individual was great therefore averages were ned us the statistical analysis. Instead
each separate biopsy result was included and nestigid each subject and the rectal
prolapse and normal groups were compared usingrliegression modeling with

generalised estimating equations which adjustednidtiple biopsies.

An exploratory analysis was performed by dichotangighe scores for collagen
content, collagen organisation and elastin orgéinisa Scores of 0 and 1 were grouped
together and scores of 2 and 3 were grouped tagelh¢he case of elastin content the

mean percentage was used in each group.
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It was not possible to analyse the rectus shedldigem content as only one biopsy from
this site had a collagen content of less than 2%&tefore the statistical model was not

valid.

The collagen content of the pelvic floor fasciadsies did not vary statistically between

the two groups.

Table 46. Collagen content of pelvic floor fasciaibpsies

Biopsy site Collagen content 25% (scores 2+3) Comparison
Rectal Prolapse group Control group
(n=19) (n=7)
Pelvic floor fascia 65% 83% P=0.41

Data are percentage of biopsies wig25% collagen in each group

n=number of biopsies

There was no statistically significant differenegveen the groups in terms of the
percentage of biopsies with intermediately orgahmewell organised collagen. There
was also no significant difference between theatqmiblapse group and the controls in

terms of the organisation of the collagen in thetu® sheath biopsies.

Table 47. Collagen organisation of rectus sheath dypsies

Intermediate or good collagen Comparison
Biopsy site organisation (scores 2+3)
Rectal prolapse Control group
group (n=22) (n=8)
Rectus sheath 70% 75% P=0.77

Data are percentage of biopsies with good or intedrate collagen organisation in
each group
n=number of biopsies
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Table 48. Collagen organisation of pelvic floor faga biopsies

Biopsy site Good or intermediate collagen | Comparison
organisation (scores 2+3)
Rectal prolapse Control group
group (n=19) (n=7)
Pelvic floor fascia 34% 50% P=0.25
Data are percentage of biopsies with good or intediate collagen organisation in

each group
n=number of biopsies

Tables 49 and 50 show the mean percentage ofrelastach biopsy site, there was no

significant difference in elastin content betweectal prolapse patients and controls.

Table 49. Elastin content of rectus sheath biopsies

Biopsy site Mean (95% confidence interval) Comparison
Rectal prolapse group Control group
(n=22) (n=8)
Rectus sheath 29.6 % (22.8, 36.4) 21.9% (9.0)34.7 P=0.30

Data are means + 95% confidence intervals of pertege of elastin in each group
n=number of biopsies

Table 50. Elastin content of pelvic floor fascia lnpsies

Biopsy site Mean (95% confidence interval) Comparison
Rectal prolapse group  Control group
(n=19) (n=7)
Pelvic floor fascia 24.9% (16.8, 33.0) 14.2% (28.9) P=0.10

Data are means + 95% confidence intervals of pertege of elastin in each group
n=number of biopsies

The organisation of the elastin in the pelvic fléascia was the only parameter to show
some evidence of a possible difference betweeretttal prolapse group and the
controls (p=0.06; borderline statistical significai In the rectal prolapse group 89% of

the biopsies showed intermediate to good elasgarosation but in the control group
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less than half of the biopsies (48%) showed thggekeof organisation. This was the

only comparison in the study to near statisticghgicance (p=0.06).

Table 51. Elastin organisation in pelvic floor fasia biopsies

Biopsy site Intermediate or good elastin organmsati  Comparison
(scores 2+3)

Rectal prolapse Control group

group (n=19) (n=7)

Pelvic floor fascia 89% 48% P=0.06

Data are percentage of pelvic floor fascia biopsiesh good or intermediate elastin
organisation in each group
n=number of biopsies

Table 52. Elastin organisation in rectus sheath bpsies

Biopsy site Intermediate or good elastin organisati  Comparison
(scores 2+3)

Rectal prolapse Control group

group (n=22) (n=8)

Rectus sheath 89% 88% P=0.90

Data are percentage of rectus sheath biopsies witlod or intermediate elastin
organisation in each group

n=number of biopsies

Tissue taken from six patients with rectal prolapses found to have two distinct areas
which, because of the marked difference in thempaosition were treated as separate
biopsies. Table 53. shows the scores assigneattoad the two areas in each subject.
The collagen content was greater than 25% in akgaln four cases the collagen was
well organised in one of the areas but poorly oighin the other. In six cases the
elastin content was different in each of the tweaar Those areas of tissue with a

higher percentage of elastin generally showed bettanisation than those with a

lower percentage of elastin present.
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Table 53. Patient details and histology grading sces for biopsies with two distinct

areas
Age | Parity Beighton | Biopsy Collagen | Collagen Elastin Elastin
score site content organisation | content % | organisation
1 2 1 2 1 2 1 2
46 | 4 1 Rectus| 3 3 2 3 50| 10| 3 2
sheath
74 | 3 2 Pelvic | 2 3 0 1 50| 25| 3 3
floor
78 | 2 0 Rectus| 2 2 1 3 30| 10| 3 2
sheath
37 |1 0 Rectus| 3 3 3 1 10| 60| 2 3
sheath
49* | 3 2 Rectus| 3 2 3 1 10| 50| 2 1
sheath
49* | 3 2 Pelvic | 3 2 2 1 5 5 2 3
floor
78 | 3 0 Rectus| 3 2 3 2 5 20| 2 1
sheath

* the same patient
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6.5 Discussion

In this small study of 18 females with rectal ppda (one female with rectocele) and 8
normal controls the total amount of collagen inhbibte rectus sheath and the pelvic

floor fascia did not vary statistically between 8tedy group and the controls.

No previous studies have assessed the connedastgetcomposition of the supporting
structures of the pelvic floor in patients withtagrolapse. Several groups have,
however, attempted to evaluate the changes ingmileelastin and other extracellular
matrix proteins in the vaginal tissue, parametara periurethral ligaments of women
with urogenital prolapse and urinary incontineng®, 35, 38, 40-42, 165, 166, 168-171]
The analytical methods utilised in these studiegedaconsiderably and included
histology using image analysis or semi-quantitateahniques, immunohistochemistry
and hydroxyproline assay techniques. Participantbers were generally small. In
2009 Kerkhof et al [29] reviewed the literaturelimns area. Five studies included
biopsies from the vaginal tissue of women with emitpl prolapse and compared these
to controls. Two of these studies found no diffeeem collagen content,[35, 165] two
found a decreased amount of collagen in those wamitbrprolapse [38, 170] and one
study found an increased amount of total collagethé prolapse group.[33] Biopsies
from the parametrial ligaments including the utaaal and cardinal ligaments were
analysed in nine studies. Kokcu et al (2002) foandincrease in total collagen in these
structures, this study used a similar grading systethe one utilised in the current
work to evaluate collagen and elastin content. {(&& chapter 1). [33] Two further

studies found an increase in type Il collagen ¢aB, 42] The remaining six studies
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[35, 41, 168, 169, 171] found a decrease in tat&yme Il collagen in women with
prolapse although in the work of Liapis et al thigs only significant in women with
pelvic organ prolapse plus symptoms of urinary mge@nce.[166] One reason for the
discrepancy in the outcomes of these studies istitaall of them included analysis of
the collagen type ratio. Changes may occur ircthikagen type ratio without affecting
overall collagen content. An increase in typectllagen compared to type | is seen in

tissues that are granulating or healing and mdgateé response to injury.

We know that individuals with heritable connectiissue diseases are at increased risk
of developing pelvic organ prolapse.[164] Collagémormalities are common in
patients with classic Ehlers-Danlos syndrome [Bi4]it is the mutation of the fibrillin-

1 gene (which encodes the protein fibrillin, founcklastin fibres) that is responsible for
Marfan's syndrome.[45] In the current study thempercentage of elastin in both the
rectus sheath and pelvic floor tissue was great#ra rectal prolapse group than the
controls although this was not statistically sigraht. In the literature the consensus is
that the total elastin content is decreased irvélggnal tissue and uterosacral ligaments
of women with urogenital prolapse [42, 182] [17834185], although two studies [38,

186] found no difference and the methods used @soe elastin varied greatly.

As the above studies demonstrate a reduced quahtillagen and elastin may play a
role in the pathophysiology of pelvic organ prokjsit changes in collagen metabolism
and organisation may also be of relevance. Theoustudy did not analyse changes in

collagen type ratio or collagen degradation and tivasefore unable to comment on
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collagen turnover. The organisation of collagethie rectus sheath biopsies appeared
to be similar in both groups with a high percentétfeand 75% in the prolapse and
control groups respectively) showing intermediatgdod organisation. Half of the
pelvic floor fascia biopsies from the control graahpwed intermediate to good collagen
organisation compared to only 34% of the prolapsembiopsies, this was not a
statistically significant difference. Barbieroat(2003) commented on the organisation
of collagen fibres in the parametrium of women withrine prolapse. The fibres were
shorter and more loosely aggregated than thoseis@smen without prolapse.[187]
With the very small numbers in the current studyaneunable to conclude that
disordered collagen organisation either contribtagle cause of prolapse or is an

effect of injury sustained during pregnancy anddthith.

Organisation of elastin in the pelvic floor fasbiapsies was the only parameter to near
a statistically significant difference between gady and control group in the current
work; 89% of the study group biopsies showed intatiate to good organisation
compared to 48% of the control biopsies. This sstgbetter elastin organisation in the
pelvic floor tissue of the rectal prolapse patieritgerestingly this study found that
some biopsies from both the rectus sheath andevecgloor in patients with rectal
prolapse showed two distinct areas with a diffecemhposition of connective tissue.
Generally one of the two areas showed a greateuainod elastin and this showed
better organisation than that in the area wherg@déneentage of elastin was less. This is
not in keeping with the studies in the literatut@aet show a reduced amount of elastin

in the pelvic floor tissues of patients with pelaigan prolapse. Elastic fibres appear
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late in the wound healing process,[188] the orgsdra of these fibres may then be
affected by the dynamics of the particular anatairsde with different patterns of
organisation reflecting the movement of the undegyissue. The above pattern
observed in the two areas within biopsies may lzee to the older age or greater
parity of the prolapse patients or it may be aetfon of an injury which has healed

with a well organised structure of elastin.

The aetiology of rectal prolapse is multifactoridlhis study was designed to try to
determine whether an underlying variation in theaposition of the connective tissues
could contribute to the development of this comditibecause the pelvic floor is
subjected to trauma during pregnancy and childlidpsies were taken from the pelvic
connective tissues. The rectus sheath is alsisé@ during pregnancy but this trauma
is less than that sustained by the pelvic floorrdua vaginal delivery; this area is also
easy to access during abdominal and pelvic sul@miiythus was chosen to act as an
intra-subject control. In order to find out whatlpatients with rectal prolapse had a
generalised connective tissue abnormality biopsere also taken from the thigh, a site
which was less likely to have been altered by @myrelated to pregnancy. The aim
was to sample the fascia lata which is thickehaupper and lateral part of the thigh
and is avascular but collagen dense and also asntariable amounts of elastin. As
would be expected from anatomical sites which neguginsile strength the quantity of
collagen was high in all the biopsies from theus&heath and to a lesser extent, the
pelvic floor. As a biopsy from the thigh has thegntial to scar participants were asked

to consent to this part of the study separateBveSteen subjects refused to have a
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biopsy taken from this site. A needle core biopsyides a very small sample of tissue
only and seven of the biopsies were unsuitablamatysis. This unfortunately meant
that this area of the study could not be includad.open biopsy would provide a larger
tissue sample but is less likely to be acceptabtbe patients. Three of the core needle
samples were however adequate. There is undoyladdarning curve associated with
this type of technique, it is likely that the adaqu of samples would improve with
increased experience and therefore this part oftindy could be completed in the

future.

The main limitation of this study was the sampigesiWith only eight subjects in the
control group the statistical analysis is not ralmough to draw any definite
conclusions. This reflects the difficulty in retthng patients for studies which require
tissue biopsies. In the above mentioned collagatyais studies of urogenital prolapse
the recruitment numbers were also low ranging féotm 46 for patients with prolapse
and 5 to 28 for controls.[33, 35, 38, 40-42, 165%,1168-171] Recruitment was limited
in this study by the number of patients undergaingyery for rectal prolapse in our
institution during the study period. The recruitrhef control patients was also difficult
as participants were required not to have any symgtof pelvic floor dysfunction
(including minor degrees of urinary incontinencedl aot to have a condition which
may affect the tissue analysis (e.g. endometrms@rohns disease). An ideal "control”
operation would give good access to the pelviekample an anterior resection for
rectal cancer. As patients undergoing this typel@él procedure were older in age they

often had pelvic floor symptoms and were thereéxeluded. Five of the eight control
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patients recruited for this study had minor gyndagpprocedures. Difficulty recruiting
control patients meant there was a bias in thercbgtoup towards younger, nulliparous
women. The median Beighton score in both groups@y#&ut one 28 year old control
patient did have a significant score of 4. As pyasly discussed in chapter 3 the
Beighton score may not be an adequate tool to deiet hypermobility in the older

and often post menopausal patients in the rectddpse study group.

This small pilot study employed the semi-quanti&tinethod of using a pathologist to
grade specimens using appropriate scoring systé@ims.is a standard method
employed in histopathological studies, it was chdsecause some of the above
mentioned studies of connective tissue changesogenital tissues also used this
method of estimated quantification of collagendaling histological staining [33, 165]
and immunohistochemical staining [41]. In particlHakcu et al (2002) used a similar
grading system to the one utilised in the curremtivto evaluate collagen and elastin
content.(See page chapter 1).[33] The ElasticG@son stain is commonly used in
clinical practice and routinely used at the Histbpéogy laboratory where this study
was carried out. It incorporates the Verhoefi&stt stain and dyes collagen fibres
pink, elastic fibres black and muscle tissue yelldastic Van Gieson was used in
preference to the Masson's trichrome techniqubekatter does not stain elastic fibres

and therefore only allows comparison of muscle @ithgen.

The slides were examined by one pathologist onoaasion only. If this study were to

be expanded the accuracy of the observations d@uichproved by viewing the slides
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on a second occasion or by using an additionalrgeegaminer. The use of image
analysis and immunohistochemistry would give a njprantitative assessment of
collagen and elastin content. It would be intengsto continue to look at the fibre
organisation but in view of the published literatim this area within urogynaecology
expanding the study to evaluate the ratio of celfatypes | and Ill and the activity of

the proteases involved with the breakdown of celtagnd elastin may provide more
information. As the pelvic floor connective tissuare affected by other factors

including age, hormonal status and parity it wdudnecessary to recruit a greater range
of subjects including younger patients with regtalapse and male patients with and

without prolapse.

To detect statistically with 80% power differencegollagen content and organisation
of the magnitude observed in this study the numlbbbropsy samples would need to be

approximately 100 per group.

Summary

Within the limits of this small pilot study therea no difference in either the collagen
or elastin content of rectus sheath or pelvic figsue between the two groups. The
pelvic floor tissue of patients with rectal prolagended to show greater degrees of
elastin organisation than that of the control patiebut this difference was not
statistically significant. It would be reasonatieexpand this study by recruiting more
participants. In order to quantify the collageid &hastin content more accurately image

analysis software or immunohistochemistry couldibed. It is difficult to interpret the
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relevance of the organisation of collagen and ieldikires with regards to the current
literature, it may be more useful to analyse catatype ratios and matrix
metalloproteinase activity in order to evaluatdaggn metabolism or to determine the
number of fibroblasts in the tissues as it is thedls that give rise to collagen and

elastin.

This study was unable to comment on the presenaggeferalised connective tissue
disorder in patients with rectal prolapse as tlop$ies taken from the thigh were
unsuitable for analysis. It would be particulangeful to expand this part of the study in
combination with the recruitment of men and nuligpes women with rectal prolapse in
order to determine whether different anatomica&ssih the same individual vary in
terms of connective tissue composition. A bettetarstanding of the aetiology of rectal

prolapse may guide surgical management especmdgses of recurrent prolapse.
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Chapter 7. Discussion

Perineal descent has been recognised as a phyigicalssociated with pelvic floor
dysfunction since 1966. Initially descent of tleipeum was thought to play a
causative role in the development of pelvic flomodders, it is now considered to be the
result of stretching or weakening of the connectisgues of the pelvic floor. Previous
work on the pathophysiology of faecal incontinenod other pelvic floor disorders has
focused on the injury to the anal sphincter medmarand pudendal nerves. Less is
known about the contribution of connective tissheamality or injury to the

development of these conditions.

PD can be measured using the simple mechanicatelatie St Mark's perineometer
(developed by Henry in 1982) or during defaecagirgrtography. Other pelvic floor
disorders including RI, rectocele, enterocele audal prolapse can also be diagnosed
using proctography. These are common findingsirepts presenting with symptoms
of faecal incontinence, obstructed defaecationpaidic organ prolapse but some of
them may also be present in asymptomatic indiveluslVe know that obstetric trauma
plays a major causative role but other factors rhagselevant in male patients and

nulliparous females with these disorders.

Joint hypermobility is a common and easily demaisé sign of connective tissue
abnormality. There is an increased incidence bfipergan prolapse and faecal and
urinary incontinence in people with the seriousthble connective tissue diseases and

with the less well recognised and probably undagosed, Benign Joint Hypermobility

204



Syndrome. Urogynaecology studies have demonsteatiffierence in collagen content

and metabolism in the pelvic floor tissues of womath urogenital prolapse.

The overall aim of this study was to gain a battaterstanding of the contribution of
connective tissue abnormality (both congenital acglired through trauma) to the
development of pelvic floor dysfunction. The studynprises four projects which
explore the relevance of PD in a modern settinénfollowing ways; by testing the
accuracy of a new mechanical device for PD measemgrby exploring the relationship
between PD and joint hypermobility and by determgpihe relationship between PD
and other pelvic floor disorders and their assammatvith clinical symptoms. Chapter 6
describes a pilot study of the composition of tel/ig floor and abdominal wall

connective tissues of patients with rectal prolapse

There was no correlation found between PD and joypermobility. Young nulliparous
women were found to have greater PD, this couldeaxplained by the presence of a
generalised connective tissue disorder as theglBen scores were not higher than
those of the older multiparous women. Proctograpay used to measure PD as it is the
current gold standard method of measurement anprémsed new mechanical device,
the laser commode, was not found to be accurategbnfor use in this project. The
Beighton score was developed over forty years agoyioung African population. Itis
possible that the nulliparous women in this studye&present a group of individuals

with an underlying connective tissue abnormalitytbhe Beighton score was not the

appropriate tool to demonstrate this.
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PD was associated with chronic constipation (ch&@tand rectal prolapse but not with
rectal intussusception or rectocele formation (tdra). This reinforces the theory that
chronic straining to defaecate may cause PD.stt sliggests that PD either plays a role
in the development of rectal prolapse or that detsiseworsened by the presence of
prolapse. Rectocele was the commonest proctogréiphing, there was no association
between the presence of rectocele and RI. Thity stid not show that those patients
with the greatest degree of PD also had large celde or high grade intussusception.
These findings suggest that PD, rectocele, Rl aoték prolapse share some but not all
mechanisms of development and the disorder thdbpmmates is likely to depend on

the exact anatomical site of injury or weakness.

There was no association between PD and any aythetoms of anorectal or urinary
dysfunction or pelvic organ prolapse identifiedngsthe Pelvic Floor Distress Inventory
guestionnaire. Rectocele was the commonest piébac disorder identified using
proctography but only those greater than 2cm ie sigre strongly associated with a
clinical symptom (the sensation of a bulge intowtagina). Rl was the proctographic
finding associated with the most clinical symptdmsvever as proctograms were used
alone without additional information from anoreqtalysiology studies (anal
manometry, PNTML and endoanal ultrasound) we caasstime that other factors such
as sphincter weakness and neuropathy did not bokgrio these symptoms.
Questionnaires are a useful way of documentingpggyms and impact on quality of life
pre- and post-operatively, however, this study shthat they cannot be used to predict

the presence or severity of certain disorders.
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The proctographic methods of measurement usedsirstildy were found to be
repeatable and reproducible. The large databa323proctogram findings could be
expanded and used in future work possibly in comatimn with anorectal physiology
studies or other symptom and quality of life quastiaires to assess the outcomes of

surgery or to explore the natural history and peegion of RI.

If PD is a useful and relevant sign of connectigsute weakness it would be helpful to
have a better non-radiological means of measureniér laser commode did provide
PD measurements closer to that of the gold standattod, proctography than the
current mechanical device, the perineometer. Hewekie inter and intra-rater
reliability of the device was not accurate enouggithe current design to allow its use

in a clinical or research environment.

Interestingly the patients included in this workesd found to have less PD than those
in previous studies. This may be due to the dffieproctographic methods and
landmarks used or the inconsistency between stoflié® point when maximal PD is
measured. This may also reflect a change in therggopulation as it is possible that
those patients included in the historical studegsesented a more severely affected and
symptomatic group that chose to seek medical haigpared to the current climate

where there is perhaps more awareness of pehac flgsfunction.

The main difficulties encountered during this warkre those of obtaining ethical

approval and recruiting adequate numbers. Regitts Committee approval was
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not granted on two occasions necessitating chaongés study design and delays in
starting data collection. This, in addition to timits imposed by the number of
rectopexy procedures performed each year, restribienumber of patients recruited

for the connective tissue changes in rectal prelasdy.

This work has revisited the relevance of PD in aenn population of patients with
pelvic floor dysfunction. It has shown that PD slo®t appear to be a marker of severe
pelvic floor connective tissue abnormality or injur This study has demonstrated that
the relationship between different pelvic flooratigers (all of which are to some extent

affected by connective tissue weakness) is complex.

Future work could explore further the relationshgiween PD and connective tissue
abnormality by measuring PD in patients with knaennective tissue diseases. As the
Beighton score may not be the best way of delingatbnnective tissue abnormality in
our population other methods could be incorporatelliding the Brighton criteria,
measuring the mobility of a wider selection of gsior by measuring skin stretch.

Using age and sex-matched asymptomatic controlédrdmiermine whether PD is

greater in patients with pelvic floor symptoms camgal to the rest of the population.

The proctography measurements could be continuad asprospective approach and
this data could be combined with anal manometmgnaloanal ultrasonography. This
may provide further information about the natuiatdry of Rl and the contribution of

RI to the symptoms of faecal incontinence and oletdd defaecation.
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Connective tissue composition in patients with jpebrgan prolapse is an interesting
area which remains unclear. In view of the largkimne of patients with prolapse and
PD being treated with rectopexy procedures theigoation of this work is likely to
have the most clinical relevance. A larger stuolyld be carried out including
nulliparous females and males with biopsies froengélvic floor, thigh and abdominal
wall. The use of image analysis to more accurasdess collagen and elastin content
and the assessment of collagen type ratios anabféost content using
immunohistochemistry techniques would be consistadtcomparable with the ongoing

work in this field.

Summary

1. In this study of 68 patients with pelvic flooysdunction the laser commode provided
PD measurements that were closer to those of tldestgndard, proctography than the

perineometer but the measurements were not relaableproducible enough to use in a
clinical setting therefore the new device was rsgdito measure PD in the other areas

of this research project.

2. In this study of 70 females with pelvic floorsfiunction there was no association
between PD and joint hypermobility. Patients pnéisg with chronic constipation had
the greatest degree of PD. Young nulliparous wohahsignificant PD without having
a generalised connective tissue abnormality demeatest using the Beighton joint

mobility score.
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3. In this review of 323 proctograms there wa®sitpve correlation between PD and
rectal prolapse but there was no correlation batvie and rectocele formation or RI,

and no correlation between rectocele formationRind

4. In this study of 133 females who completedRbévic Floor Distress Inventory
guestionnaire there was no association betweemB@my of the symptoms. Rl was
associated with the symptoms of incontinence ahtat and liquid stool and flatus and
faecal urgency. Rectoceles greater than 2cm ewvgiere associated with the sensation
of a bulge into the vagina. The sensation of tgmtalapse was not a sensitive indicator

of the presence of rectal prolapse on proctography.

5. In this study of 19 females with rectal prolasd 8 female controls there was no
difference in collagen or elastin content of thetus sheath or pelvic floor fascia tissues
between the two groups. The pelvic floor fascishefrectal prolapse patients showed a
higher percentage of well organised elastin tharctintrol group although this was not

a statistically significant difference.
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Appendices

Appendix 1 - Intra-rater repeatability of perineal descent measurements using the
laser commode

Perineal descent measurements (cm) repeated @dbecasions on the same day by the

same observer.

Trial PD1 PD1 PD2 PD2 PD3 PD3
rest | strain PD1 rest | strain PD2 rest | strain PD3

-3, 35| 05| -37 -4 0.3 -3 -4 1

-1.3] 21| 038 -1, -21) 11 -13] -21| 0.8

-1.7) -23| 0.6 -2 -29 0.9

-0.5 0/ -05 -03] -0.7, 04

-1.1] -1.2] 0.1 -1 -21 11

22| 27| 05| -28 -33] 05

-1.5| -15 0 -0, .11 04 -07 -11| 04

-1.7| -25| 08| -2.7| 32| 05 -29 -35 0.6

-3.6| -3.8/ 0.2 -36, -39 03 -36 -4, 04

-1, -16, 06| -0.7] -1.1] 04| -18| -15| -0.3

-1.8| -23| 05| -21| -23] 02| -21| -23] 0.2

-1.6| -1.6 0] -19 -2, 01 -17 -2| 0.3

5.7 -6.7 1 61 72 11 -64| -74 1

2.7, 34, 0.7 -27| -36| 09| -31 -3.7, 06

-16| -23| 0.7 -21| -23| 0.2 -2 -21] 01

-29| -38| 09| -38| -44 06 -41 -5 0.9

-1.9 2| 01 -26 -3 04 -22| -27] 0.5

-35| 34| 01| 32| -39| 0.7 -35 -42| 0.7

no
1
2
3
4
5
6
7
8
9
10
11
12| -19| -3.3 14| -23| -34 1.1 -3.2| -3.6 0.4
13
14
15
16
17
18
19
20

22| 26| 04| 24| -24 0| 22 -26, 04

21 33 44 11 35 -46] 11| -38 -46| 0.8

22| ‘19 24| 05 -22 -28| 06| -24 -27| 03

23, ‘19 -21| 02 -21 -22| 01 2| 22| 0.2

24| 25 29 04

25| 38| 49 11 -4 -5 1 42 -5.2 1

26| -13| -22| 09 -22| -25 03 -24 -28] 04

27| -2.7| -2.7 0 -22 -25| 03 -23] -26| 03

28| -2.1 -2 01 -2 -23] 03 -2 23] 0.3

29 -25 -28] 03 -16| -27] 11| -21 -12| -09

30, -0, -05/ 04 -02 -11] 09 -02 -11] 0.9

31, -18 -29/ 11 -25 -31] 06| -2.7] -35] 0.8

32 2| 24| 04 24| -24 0] 22 -25| 0.3
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33, -23, 29| 06| -24 -33] 09 -23 -34 11
34| -83.2| -3.2 0 -82 -33] 01 -32 -34| 0.2
35| 82, 33| 01 -31 -34 03] -33 -36] 0.3
36| -22| -25| 03| -22| -25| 03] -22 -28| 0.6
37| -13 -2, 07| -16| -23] 0.7] -16| -23| 0.7
38| -89 52| 13

39| -13 -19| 06 -15 -19 04 -11 -18] 0.7
40| -22| -2.2 0| -21| 27| 0.6

41, -11| 12 01 -12 -13|] 01| -1.2] -13] 0.1
42| -1.6 -2, 04 13| -1.7] 04| -14 -16| 0.2
43, 03] -0.1, 04 0 -0.3 03 01 0 01
44 -24| -26, 02| -25| -26] 01| -24| -29| 05
45, -27| 31, 04| -28| -34] 06| -29  -35| 0.6
46, -5.1 -6, 09 -54| -62] 08| -57 -6.3| 0.6
47, -34| 3.7, 03] -35| -39 04| -85 -38| 03
48 -28| -33, 05| -33| 37, 04| 836, -39 03
49, -23] 24| 0.1 -2 -22] 02 -23] -23 0
50| -1.7] -16| -0.1 -2 -23] 03] -22| -16| -0.6
51 2| 32| 12| -25| -29| 04| -27| -35| 0.8
52, -1.9| -1.9 o] -1.7v| -28 11, -18 -34, 16
53| ‘14| -13| 01 -14| -25| 11| -22| -34] 1.2
54| 81 -36| 05 -32 -84 02 -32 -34] 0.2
55| -14| -16| 0.2 -13 -2, 07| -15 -194 04
56| -0.3 14| 11, -05 -13, 08| -0.6, -1.3] 0.7
57| -23| -28| 05 -23| -28 05| -25 -3, 05
58| -2.8| -2.8 0 -28 -28 0 -29 -31] 0.2
59, -09 -14| 05 -12| -17)| 05| -11 -15 04
60| -28 -3.1| 03| -26| -28 0.2 -2.8 -3| 0.2
61, -25 -25 0| 25| 27 02 -27 -28 01
62 2| 24 04 2| 22| 02 -2| 28| 0.8
63, -0.2, -09/ 0.7 -04 -13] 09 -05 -12| 0.7
64 -31 -31 0| 31| -31 0 -31 -34] 0.3
65, -34 46| 12| -34 -47] 13

66| -26| -35| 09 -28| -84, 06 -29 -33] 04
67, -3.7, ‘44| 0.7, -3.8 -46| 08| -38] -49 11
68| -5.2| -55| 0.3 -5.2| -52 0 -55 -56] 01
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Appendix 2 - Intra-rater test-retest reliability of laser commode
Individual raw data PD measurements for four subjeteasured on two separate days.

Repeated perineal descent measurements on day2)1afid 2 (3+4)

Patient PD PD PD PD PD1 PD2
Rest Rest2 Strain Strain
1 1 2
1 -25 -1.6 -2.8 2.7 0.3 1.1
2 -3.4 -35 -3.7 -3.8 0.3 0.3
3 23 -23 -2.8 -2.8 0.5 0.5
4 -28 -29 -2.8 -3.1 0 0.2
Patient PD PD PD PD PD3 PD4
Rest Rest4 Strain Strain
3 3 4
1 -0.2 -0.4 -1.4 -1.5 1.2 1.1
2 21 21 -2.5 -2.5 0.4 0.4
3 -3.1 3.2 -3.6 -3.6 0.5 0.4
4 -29 -33 -3.8 -3.5 0.9 0.2
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Appendix 3 - Inter-rater reproducibility of perinea | descent measurements using
the laser commode

Perineal descent measurements (cm) taken by twenalys (GF and KR) on the same

day.

Trial | GF PD| GF PD KR PD| KR PD
no rest| strain| GF PD rest| strain| KR PD

1 2.7 -3.6 0.9 -2.3 -3.2 0.9

2 -3.4 -3.7 0.3 -3.7 4.1 0.4

3 -2.3 -2.9 0.6 -2.9 -3.3 0.4

4 -3 -3.5 0.5 2.7 -3.2 0.5

5 -3 -3.3 0.3 -3 -3.6 0.6

6

7

8

9

-3.3 -4.7 1.4 -3.5 -4.3 0.8
-2.5 -3.2 0.7 -2.7 -3.4 0.7

-2.5 -3.2 0.7 -2.8 -2.8 0
-3.3 -4 0.7 -2.7 -3.5 0.8
10 -2.8 -3.4 0.6 -2.9 -3.5 0.6
11 -3 -3.3 0.3 -3.1 -3.5 0.4

12 -2.1 -4.2 2.1 -3.2 -4.9 1.7
13 -2.8 -3.4 0.6 -3.1 -3.2 0.1

14 -2.6 -3.6 1 -2.9 -3.9 1
15 -2.9 -3.5 0.6 -2.9 -3.5 0.6
16 -2.6 -3.8 1.2 -2.7 -4 1.3
17 -1.6 -3 1.4 -1.8 -2.1 0.3

18 -0.9 -1.4 0.5 -1.1 -1.4 0.3
19 -1.9 -2.4 0.5 -2.1 -2.7 0.6
20 -1.9 -2.5 0.6 -2.2 -2.6 0.4
21 -4.2 -4.9 0.7 -4.3 -5.1 0.8

22 -2 -2.3 0.3 -2 -2.2 0.2
23 -3.2 -4.2 1 -3.7 -4.3 0.6
24 -1.1 -1.6 0.5 -1 -1.5 0.5
25 -3.5 -4 0.5 -3.8 -4.2 0.4
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Appendix 4 - Pelvic Floor Distress Inventory questnnaire

Pelvic Floor Distress Inventory Questionnaire - Sha Form 20

Instructions

Please answer all of the questions in the follovaagyey. These questions will ask you
if you have certain bowel, bladder or pelvic synmpscand if you do, how much they
bother you. Answer each question by putting<an the appropriate box or boxes. If
you are unsure about how to answer, please givedsieanswer you can. While
answering these questions, please consider yoysteyms over théast 3 months.

Research Project ID:

Date:

1. Do you usually experience pressure in the |abelomen?

YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

2. Do you usually experience heaviness or dullirefise lower
abdomen?

YES [ NO ]

If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

3. Do you usually have a bulge or something fgltit that you
can see or fell in the vaginal area?

YES[INO[
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If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

4. Do you usually have to push on the vagina ourd the rectum to have a complete
bowel movement?

YES [ NO ]
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

5. Do you usually experience a feeling of incortelgadder emptying?
YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

6. Do you ever have to push up in the vaginal migayour fingers to start or complete
urination?

YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

7. Do you feel you need to strain too hard to habewel movement?
YES 1 NO [

If Yes how much does this bother you?
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1 2 3 4
Not at all Somewhat Moately Quite a bit

8. Do you feel you have not completely emptiedrnjmawels at
the end of a bowel movement?

YES [ NO ]
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

9. Do you usually lose stool beyond your contfglour stool is well formed?
YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

10. Do you usually lose stool beyond your confrgbur stool is loose or liquid?
YES 1 NO ]
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

11. Do you usually lose gas from the rectum beygmd control?
YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

12. Do you usually have pain when you pass yamol3t
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YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

13. Do you experience a strong sense of urgendgyanve to rush to the bathroom to
have a bowel movement?

YES[I NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

14. Does a part of your bowel ever pass throughrébtum and bulge outside during or
after a bowel movement?

YES [ NO ]
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

15. Do you usually experience frequent urination?
YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

16. Do you usually experience urine leakage aatstiwith a feeling of urgency; that
is, a strong sensation of needing to go to therbath?

YESTINO[
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If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

17. Do you usually experience urine leakage réleaecoughing, sneezing or laughing?
YES [ NO ]
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

18. Do you usually experience small amounts afauleakage (drops)?
YES 1 NO [
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

19. Do you usually experience difficulty emptyiypgur bladder?
YES 1 NO ]
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit

20. Do you usually experience pain or discomfoihie lower abdomen or genital
region?

YES 1 NO [}
If Yes how much does this bother you?

1 2 3 4
Not at all Somewhat Moately Quite a bit
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DATE AND TYPE (IF KNOWN) OF ANY BLADDER, BOWEL OR ELVIC FLOOR

SURGERY YOU HAVE

Thank you for taking the time to complete this queonnaire
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Appendix 5 - Questionnaire results correlated withproctographic findings

Pelvic organ prolapse symptoms

Q1 Do you usually experience pressure i PD
the lower abdomen? PD<1.5| PD>1.5| Total
Q1 NO OR MINOR Patient
SYMPTOMS number 38 9 AT
% 80.99 19.19%4 100.09
CLEAR SYMPTOMS Patient 69 15 84
number
% 82.19%4 17.99% 100.09
Total Patient 107 24 131
number
% 81.79% 18.39% 100.09

Pearson Chi-square p=0.86

Q1 Do you usually experience pressure in Rectocele
the lower abdomen? no rectocel{rectoceld Total
Q1 NO OR MINOR Patient
SYMPTOMS number 4 43 41
% 8.59¢ 91.5% 100.09
CLEAR SYMPTOMS Patient 12 72 84
number
% 14.39%4 85.794 100.09
Total Patient 16 115 131
number
% 12.29%4 87.894 100.09

Pearson Chi-square p=0.33
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Q1 Do you usually experience pressure i Size of rectocele (cm)
the lower abdomen? rectocele<]rectocele2-4 Total
Q1 NO OR MINOR Patient
SYMPTOMS number 29 18 AT
% 61.79 38.3% 100.09
CLEAR SYMPTOMS Patient 54 30 84
number
% 64.3% 35.79% 100.09
Total Patient 83 48 131
number
% 63.49 36.69 100.09

Pearson Chi-square p=0.77

Q1 Do you usually experience pressure i Rectal intussusception
the lower abdomen? no RI RI Total
Q1 NO OR MINOR Patient
SYMTOMS number 24 23 41
% 51.199 48.99% 100.09
CLEAR SYMPTOMS Patient 58 23 31
number
% 71694 28.49 100.09
Total Patient 8o 46 128
number
% 64.199¢ 35.99 100.09

Pearson Chi-square p=0.02*

Q1 Do you usually experience pressur& in Grade of rectal intussusception
the lower abdomen? noRI 1 2 3 4 5 Total
Q1 NO OR MINOR Count 24 0 10 5 8 0 47
SYMTOMS O nrithed
% Withint 51 104 00e21.39410.64417.004 .0 100
Q1 %
CLEAR SYMPTOMS Count 58 1 10 4 8 3 84
O nrithei
%o Within} 59 004 1.20411.99 4.894 9.504 3.604 190§
Q1 %
Total Count 82 1 20 9 16 3] 131
O n
% withinl 65 6o 80 15.39 6.99412.20 2.304 100
Q1 %

Pearson Chi-Square p=0.13
Linear-By-Association p=0.1
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Q1 Do you usually experience pressure i Rectal prolapse
the lower abdomen? no prolapsq prolapse| Total
Q1 NO OR MINOR Patient
SYMTOMS number 47 0 o
% 100.09 .0% 100.09
CLEAR SYMPTOMS Patient 81 3 84
number
% 96.4% 3.694 100.09
Total Patient 128 3 131
number
% 97.7% 2.3% 100.09

Pearson Chi-square p=0.19

Q1 Do you usually experience pressure in Enterocele
the lower abdomen? enteroceld no enterocel{ Total
Q1 NO OR MINOR Patient
SYMTOMS number ! 40 47
% 14.9% 85.19% 100.09
CLEAR SYMPTOMS Patient 9 75 84
number
% 10.7% 89.3% 100.09
Total Patient 16 115 131
number
% 12.2% 87.8%4 100.09
Pearson Chi-square p=0.48
Q1 Do you usually experience pressure in Lateral rectocele
the lower abdomen? lateral no lateral
rectocele rectocele Total
Q1 NO OR MINOR Patient
SYMTOMS number 2 43 47
% 4.3% 95.79% 100.09
CLEAR SYMPTOMS Patient 6 78 84
number
% 7.19% 92.99% 100.09
Total Patient 8 123 131
number
% 6.19% 93.99% 100.09

Pearson Chi-square p=0.51
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Q2 Do you usually experience heaviness|or PD
duliness in the lower abdomen? PD<1.5| PD>15| Total
P SvWPTOMS  number 9 47
% 80.99% 19.19% 100.09
CLEAR SYMPTOMS Patient 69 16 85
number
% 81.29%¢ 18.8% 100.09
Total Patient 107 o5 134
number
% 81.19% 18.9% 100.09
Pearson Chi-square p=0.96
Q2 Do you usually experience heavinessjor  Presence of rectocele
dullness in the lower abdomen? no rectoceld rectoceld Total
Q2 NOORUNOR  paier I
% 8.59q¢ 91.59 100.09
CLEAR SYMPTOMS Patient 12 73 85
number
% 14.199 85.99% 100.09
Total Patient 16 114 132
number
% 12.199 87.99% 100.09

Pearson Chi-square p=0.35

Q2 Do you usually experience heaviness

or

Rectocele size (cm)

Q2 NO OR MINOR Patient
SYMPTOMS number 28 19 41
% 59.6% 40.4% 100.09

CLEAR SYMPTOMS Patient
number o9 30 83
% 64.7% 35.3% 100.09

Total Patient
number 83 49 137
% 62.9% 37.19% 100.09

Pearson Chi-square p=0.56



Q2 Do you usually experience heaviness
dullness in the lower abdomen?

or Rectal intussusception

RI No RI Total
Q2 NO OR MINOR Patient
24 2 47
SYMPTOMS number 3
% 51.19% 48.99 100.09
CLEAR SYMPTOMS Patient 29 60 82
number
% 26.8% 73.29% 100.09
Total Patient 46 83 124
number
% 35.79% 64.3% 100.09
Pearson Chi-square p=0.01*
Q2 Do you usually experience Grades of rectal intussusception
heaviness or dullness in the lower
abdomen? no RI 1 2 3 4 5 Total
Q2 NO OR MINOR Patient
SYMPTOMS number 23 1 10 5 8 0 41
0,
% 48999 2.199 21.3% 10.699 17.0% .0% 10(3)'/5
CLEAR Patient
SYMPTOMS number 60 0 10 4 8 3 85
0,
& 7069 0% 1184 47% 9.4% 359 O]
Total Patient 83 1 20 9 16 3l 132
number
0,
% 62.9% 8% 15.299 6.894 12.19 2.3% 10(3)'/5

Pearsons Chi-Square p=0.06

Linear-By-Linear Association p=0.07
Q2 Do you usually experience heaviness or dullngss Rectal prolapse
in the lower abdomen? no prolapse| prolapse | Total
Q2 NO OR MINOR Patient
SYMPTOMS number ar 0 AT
% 100.09 .0%  100.09
CLEAR SYMPTOMS Patient 8o 3 85
number
% 96.5% 3.5% 100.09
Total Patient 129 3 132
number
% 97.7% 2.3% 100.09

Pearson Chi-square p=0.19
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Q2 Do you usually experience heavinessjor Enterocele
Q2 NO OR MINOR Patient
SYMPTOMS number ! 40 47
% 14.99 85.199 100.09
CLEAR SYMPTOMS Patient 10 75 85
number
% 11.8% 88.29% 100.09
Total Patient 17 115 134
number
% 12.99 87.199 100.09

Pearson Chi-square p=0.61

Q2 Do you usually experience heavinessjor Lateral rectocele
rectocele rectocele Total
Q2 NO OR MINOR Patient
SYMPTOMS number 3 44 AT
% 6.4% 93.6% 100.09
CLEAR SYMPTOMS Patient 5 80 85
number
% 5.9% 94.19% 100.09
Total Patient 8 124 132
number
% 6.1% 93.99% 100.09

Pearson Chi-square p=0.91
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Q3 Do you usually have a bulge or PD
something falling out that you can see
feel in the vaginal area? PD<1.5| PD>1.5| Total
Q3 NO OR MINOR Patient
SYMPTOMS number 62 16 8
% 79.59% 20.59% 100.09
CLEAR Patient
SYMPTOMS number 49 10 >3
% 81.894 18.29% 100.09
Total Patient 107 6 133
number
% 80.59 19.59% 100.09

Pearson Chi-square p=0.74

Q3 Do you usually have a bulge or Presence of rectocele
something falling out that you can see
feel in the vaginal area? no rectocelq rectocelq Total
Q3 NO OR MINOR Patient
SYMPTOMS number 11 67 8
% 14.1% 85.9% 100.09
CLEAR Patient
SYMPTOMS number 5 50 53
% 9.199 90.99% 100.09
Total Patient 16 117 133
number
% 12.09%9¢ 88.0% 100.09

Pearson Chi-square p=0.38

Q3 Do you usually have a bulge or something

Rectocele size (cm)

falling out that you can see or feel in the vaging
area? rectocele<2| rectocele2-4| Total
Q3 NO OR MINOR Patient
SYMPTOMS number o 22 8
% 71.8% 28.2% 100.09
CLEAR SYMPTOMS Patient 27 o8 55
number
% 49.1% 50.9% 100.09
Total Patient 83 50 133
number
% 62.4% 37.6% 100.09

Pearson Chi-square p=0.00*
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Q3 Do you usually have a bulge or Rectal intussusception
something falling out that you can see
feel in the vaginal area? RI No RI Total
Q3 NO OR MINOR Patient
SYMPTOMS number 31 44 3
% 41.39%¢ 58.7% 100.09
CLEAR Patient
SYMPTOMS number 15 40 53
% 27.3% 72.79% 100.09
Total Patient 46 g4 130
number
% 35.49% 64.69% 100.09
Pearson Chi-square p=0.10
Q3 Do you usually have a bulge or Grade of rectal intussusception
something falling out that you can se
or feel in the vaginal area? no RI 1 2 3 4 5 Total
Q3 NO OR NO Patient
SYMPTOMS number 44 0 14 5 12 8
% 56.4%  .0%17.99 6.4% 15.4% 3.8% 100.09
CLEAR SYMTOMS Patient 40 1 5 4 4 55
number
% 7279 1.89410.9% 7.3%4 7.3%  .0% 100.09
Total Patient a4 1 20 9 16 133
number
% 63.29 .8%(15.09 6.89 12.09 2.3% 100.09
Pearsons Chi-Square p=0.17
Linear-By-Linear Association p=0.03*
Q3 Do you usually have a bulge or Rectal prolapse
something falling out that you can see
feel in the vaginal area? no prolapsq prolapsel Total
Q3 NO OR MINOR Patient
SYMPTOMS number 75 3 8
% 96.2% 3.894¢ 100.09
CLEAR Patient
SYMPTOMS number 55 0 59
% 100.09 .0% 100.09
Total Patient 130 3 133
number
% 97.7% 2.39%9 100.09

Pearson Chi-square p=0.14
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Q3 Do you usually have a bulge or Enterocele
something falling out that you can see
feel in the vaginal area? enterocelq no enterocel{ Total
Q3 NO OR MINOR Patient
SYMPTOMS number 12 66 8
% 15.4% 84.6%4 100.09
CLEAR Patient
SYMPTOMS number 5 50 >3
% 9.1% 90.99¢ 100.09
Total Patient 17 116 133
number
% 12.8% 87.29% 100.09

Pearson Chi-square p=0.28

Q3 Do you usually have a bulge or Lateral rectocele
something falling out that you can see lateral no lateral
feel in the vaginal area? rectocele | rectocele | Total
Q3 NO OR MINOR Patient 3 75 79
SYMPTOMS number
% 3.8%4 96.29%4 100.09
CLEAR Patient
SYMPTOMS number 5 50 53
% 9.1% 90.99%¢ 100.09
Total Patient 8 125 133
number
% 6.0% 94.09% 100.09
Pearson Chi-square p=0.21
Q14 Does a part of your bowel ever pass through Ine PD
rectum and bulge outside during or after a bowel
movement? PD<15 | PD>15 Total
Q14 NO OR MINOR Patient numbe 68 15 83
SYMPTOMS % 8199  18.19  100.09
CLEAR SYMPTOMS Patient numbe 37 10 47
% 78.7% 21.39  100.09
Total Patient numbe 105 25 130
% 80.8% 19.294  100.09

Pearson Chi-square p=0.66
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Q14 Does a part of your bowel ever pass Rectocele
through the rectum and bulge outside duri
or after a bowel movement? no rectocelq rectoceld Total
Q14 NO OR MINOR Patient
SYMPTOMS number 9 4 83
% 10.899¢ 89.2% 100.09
CLEAR SYMPTOMS Patient 6 41 47
number
% 12.89%9¢ 87.2% 100.09
Total Patient 15 115 130
number
% 11.59%9 88.5% 100.09

Pearson Chi-square p=0.74

Q14 Does a part of your bowel ever pass

Rectocele size

through the rectum and bulge outside duri
or after a bowel movement? rectocele<jrectocele2-4 Total
Q14 NO OR MINOR Patient
SYMPTOMS number 49 34 83
% 59.0% 41.09% 100.09
CLEAR SYMPTOMS Patient 39 15 47
number
% 68.1% 31.99% 100.09
Total Patient 81 49 134
number
% 62.3% 37.7% 100.09
Pearson Chi-square p=0.31
Q14 Does a part of your bowel ever pass through fhe Rectal intussusception
rectum and bulge outside during or after a bowel
movement? RI No RI Total
Q14 NO OR MINOR Patient numbe 29 53 82
SYMPTOMS % 3549  64.69 100.09
CLEAR SYMPTOMS Patient numbe 16 29 45
% 35.6% 64.4% 100.09
Total Patient numbe 45 82 127
% 35.49% 64.6% 100.09

Pearson Chi-square p=0.98
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Q14 Does a part of your bowel evey Grade of rectal intussusception
pass through the rectum and bulgd
outside during or after a bowel
movement? no RI 1 2 3 4 5 Total
Q14 NO OR MINOR Patient
SYMPTOMS  number 53 0 17 5 ! L 83
% 63.9% .09 20.5% 6.09d 8.499 1.29 100.09
CLEAR Patient
SYMPTOMS  number 29 1 3 4 8 2 AT
% 61.799 2.199 6.494 8.599 17.09 4.394 100.09
Total Patient 82 1 20 9 15 3 130
number
% 63.1% .89 15.49%9 6.99 11.59%9 2.3% 100.09
Pearsons Chi-Square p=0.10
Linear-By-Linear Association p=0.28
Q14 Does a part of your bowel ever pass Rectal prolapse
through the rectum and bulge outside duri
or after a bowel movement? no prolapsq prolapsel Total
Q14 NO OR MINOR Patient 82 1 83
SYMPTOMS number
% 98.8% 1.294 100.09
CLEAR SYMPTOMS Patient
45 2 47
number
% 95.7% 4.3% 100.09
Total Patient
ota © 127 3 130
number
% 97.7% 2.3%9 100.09
Pearson Chi-square p=0.27
Q14 Does a part of your bowel ever pass through fhe Enterocele
rectum and bulge outside during or after a bowel
movement? enterocele| no enterocele| Total
Q14 NO OR MINOR Patient numbe 8 75 83
SYMPTOMS % 9.6% 90.4%  100.09
CLEAR SYMPTOMS Patient numbe 8 39 47
% 17.09% 83.0% 100.09
Total Patient numbe 16 114 13(Q
% 12.3% 87.7%  100.09

Pearson Chi-square p=0.22
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Q14 Does a part of your bowel ever pass Lateral rectocele
through the rectum and bulge outside duril  |5teral no lateral
or after a bowel movement? rectocele | rectocele | Total
Q14 NO OR MINOR Patient
SYMPTOMS number 2 81 83
% 2.49% 97.6% 100.09
CLEAR SYMPTOMS Patient 5 42 47
number
% 10.6% 89.49% 100.09
Total Patient 7 123 130
number
% 5.4% 94.6% 100.09
Pearson Chi-square p=0.05*
Q20 Do you experience pain or discomforf in PD
the lower abdomen or genital region? PD<1.5| PD>1.5| Total
Q20 NO OR MINOR Patient
SYMPTOMS number >2 13 69
% 80.09%¢ 20.09% 100.09
CLEAR SYMPTOMS Patient 54 13 67
number
% 80.69%4 19.4% 100.09
Total Patient 108 6 132
number
% 80.3%0 19.79% 100.09

Pearson Chi-square p=0.93

Q20 Do you experience pain or discomforfin  Presence of rectocele
the lower abdomen or genital region? no rectocell rectoceld Total
Q20 NO OR MINOR Patient
SYMPTOMS number 10 S5 63
% 15.4% 84.6% 100.09
CLEAR SYMPTOMS Patient 6 61 67
number
% 9.099 91.09%¢ 100.09
Total Patient 16 114 132
number
% 12.19% 87.9% 100.09

Pearson Chi-square p=0.26
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Q20 Do you experience pain or discomfor

in

Size of rectocele

the lower abdomen or genital region? rectocele<] rectocele2-! Total
@ NoSENOR  Peie P
% 63.1% 36.9% 100.09
CLEAR SYMPTOMS Patient 42 o5 67
number
% 62.7% 37.3% 100.09
Total Patient 83 49 134
number
% 62.9% 37.1% 100.09

Pearson Chi-square p=0.96

Q20 Do you experience pain or discomforf in Rectal intussusception
the lower abdomen or genital region? RI No RI Total
Q20 NO OR MINOR Patient
SYMPTOMS number 24 39 63
% 38.19%9 61.99% 100.09
CLEAR SYMPTOMS Patient 29 44 66
number
% 33.3%0 66.7% 100.09
Total Patient 46 83 129
number
% 35.79 64.3% 100.09

Pearson Chi-square p=0.57
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Q20 Do you experience pain or Grade of rectal intussusception
discomfort in the lower abdomer]
or genital region? no RI 1 2 3 4 5 | Total
Q20 NO OR MINOR Patient
SYMPTOMS  number 39 0 11 4 9 2 69
0
% 60.0% 0% 16.999 6.299 13.8% 3.19% 10(3)'/5
CLEAR Patient
SYMPTOMS  number a4 L 9 5 ! L 61
0
o 65.79  15% 13.49 7.59 10.494 159 0%
Total Patient 83 1 20 9 16 3l 132
number
0
o 6204 8% 1529 6.8% 12.194 2.30 0%
Pearson Chi-Square p=0.83
Linear-By-Linear Association p=0.40
Q20 Do you experience pain or discomforf in Rectal prolapse
the lower abdomen or genital region? no prolapsq prolapsd Total
Q20 NO OR MINOR Patient 63 ) 65
SYMPTOMS number
% 96.9% 3.19q 100.09
CLEAR SYMPTOMS Patient 66 1 67
number
% 98.5% 1.59q 100.09
Total Patient
129 3 132
number
% 97.7% 2.3%q 100.09
Pearson Chi-square p=0.54
Q20 Do you experience pain or discomfort in the Enterocele
lower abdomen or genital region®? enterocele| no enterocele| Total
Q20 NO OR MINOR Patient numbe 9 56 65
SYMPTOMS % 13.8% 86.29  100.09
CLEAR SYMPTOMS Patient numbe 8 59 67
% 11.99% 88.1% 100.09
Total Patient numbe 17 115 132
% 12.99% 87.194  100.09

Pearson Chi-square p=0.74



Q20 Do you experience pain or discomforf in Lateral rectocele
the lower abdomen or genital region? lateral no lateral
rectocele rectocele | Total
Q20 NO OR MINOR Patient
SYMPTOMS number 4 61 63
% 6.2% 93.89%¢ 100.09
CLEAR SYMPTOMS Patient 4 63 67
number
% 6.0% 94.09 100.09
Total Patient 8 124 139
number
% 6.1% 93.99¢ 100.09
Pearson Chi-square p=0.97
Anorectal Dysfunction Symptoms
Q4 Do you usually have to push on the PD
vagina or around the rectum to have a
complete bowel movement? PD<1.5| PD>1.5| Total
Q4 NO OR MINOR Patient
SYMPTOMS number 31 9 49
% 7759 22.59% 100.09
CLEAR Patient
SYMPTOMS number 2 17 89
% 80.99¢ 19.19% 100.09
Total Patient 103 26 12d
number
% 79.89%4¢ 20.29% 100.09

Pearson Chi-square p=0.66
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Q4 Do you usually have to push on the Presence of rectocele
vagina or around the rectum to have a
complete bowel movement? no rectocelq rectocelg Total
Q4 NO OR MINOR Patient
SYMPTOMS number 6 34 49
% 15.099 85.09% 100.09
CLEAR Patient
SYMPTOMS number 9 80 89
% 10.199 89.9% 100.09
Total Patient 15 114 129
number
% 11.69%9 88.4% 100.09
Pearson Chi-square p=0.42
Q4 Do you usually have to push on the Size of rectocele
vagina or around the rectum to have a
complete bowel movement? rectocele<jrectocele2-4 Total
Q4 NO OR MINOR Patient
SYMPTOMS number 28 12 49
% 70.0% 30.09¢ 100.09
CLEAR Patient
SYMPTOMS number 53 36 89
% 59.6% 40.49% 100.09
Total Patient 81 48 124
number
% 62.8% 37.29% 100.09
Pearson Chi-square p=0.26
Q4 Do you usually have to push on the vaginapr Rectal intussusception
around the rectum to have a complete bowel
movement? RI No RI Total
Q4 NO OR MINOR Patient
SYMPTOMS number 13 25 38
% 34.29 65.89  100.09
CLEAR SYMPTOMS  Patient 31l 57 88
number
% 35.2% 64.8%  100.09
Total Patient
number 44 82 124
% 34.9% 65.19  100.09

Pearson Chi-square p=0.91
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Q4 Do you usually have to Grade of rectal intussusception
push on the vagina or around
the rectum to have a complef
bowel movement? no RI 1 2 3 4 5 |Total

Q4 NO OR Patient

MINOR  number 23 0 a4 24 71 24 49
SYMPTOM
S % 6250 .09 10.09 5.0017.59 5.004 1004

%

CLEAR Patient
SYMPTOM number

S 0
% 64.09 1.194 18.09 6.794 9.004 1.104 100

57 1 16 6 8 1 89

Total Patient 82 1 20 8 15 3 129
number

0
& 63.694 .8% 15.5% 6.29411.6% 2.3% 100.€

Pearsons Chi-Square p=0.39
Linear-By-Linear Association p=0.30

Q4 Do you usually have to push on the Rectal prolapse
vagina or around the rectum to have a
complete bowel movement? no prolapsq prolapsel Total
Q4 NO OR MINOR Patient
SYMPTOMS number 38 2 49
% 95.0% 5.099 100.09
CLEAR Patient
SYMPTOMS number 88 1 89
% 98.9% 1.194 100.09
Total Patient 126 3 129
number
% 97.7% 2.3%9 100.09

Pearson Chi-square p=0.18
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Q4 Do you usually have to push on the vagina ouraatdhe rectum to have a
complete bowel movement? * Enterocele

Enterocele
enterocelq no enterocell Total
Q4 NO OR MINOR Count 7 33 40
SYMPTOMS O/ it
% within 17.5% 82,50 100.00
Q4
CLEAR Count 7 82 89
SYMPTOMS O/ it
% within 7.9% 92.19 100.09
Q4
Total Count 14 115 129
O it
% within 10.9% 89.194 100.09
Q4
Pearson Chi-square p=0.10
Q4 Do you usually have to push on the Lateral rectocele
vagina or around the rectum to have a lateral no lateral
complete bowel movement? rectocele | rectocele | Total
Q4 NO OR MINOR Patient
SYMPTOMS number 2 38 40
% 5.0% 95.09¢ 100.09
CLEAR Patient
SYMPTOMS number 6 83 89
% 6.7% 93.39%4 100.09
Total Patient 8 121 129
number
% 6.2% 93.894 100.09

Pearson Chi-square p=0.70
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Q7 Do you feel you have to strain too hgrd PD
2
to have a bowel movement~ PD<15| PD>15| Total
Q7 NO OR MINOR Patient
SYMPTOMS number 23 3 26
% 88.599 11.59 100.09
CLEAR SYMPTOMS Patient 79 23 104
number
% 7759 22.59 100.09
Total Patient 102 26 124
number
% 79.79% 20.39%4 100.09
Pearson Chi-square p=0.21
Q7 Do you feel you have to strain too hgrd  Presence of rectocele
to have a bowel movement?
no rectoceld rectoceld Total
Q7 NO OR MINOR Patient
SYMPTOMS number 2 24 26
% 7.79% 92.3% 100.09
CLEAR SYMPTOMS Patient 13 89 104
number
% 12.79% 87.39%4 100.09
Total Patient 15 113 128
number
% 11.799 88.39%4 100.09
Pearson Chi-square p=0.76
Q7 Do you feel you have to strain too hard to haye Size of rectocele
bowel movement?
rectocele<?2| rectocele2-4 Total
Q7 NO OR MINOR Patient
SYMPTOMS number 14 12 29
% 53.8% 46.29  100.09
CLEAR SYMPTOMS Patient 67 35 102
number
% 65.7% 34.3%  100.09
Total Patient 81l 47 124
number
% 63.3% 36.79  100.09

Pearson Chi-square p=0.26
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Q7 Do you feel you have to strain too hgrd Rectal intussusception
to have a bowel movement?
RI No RI Total
Q7 NO OR MINOR Patient
SYMPTOMS number 14 12 26
% 53.89% 46.29 100.09
CLEAR SYMPTOMS Patient 30 69 99
number
% 30.39% 69.79 100.09
Total Patient 44 81 125
number
% 35.29% 64.899 100.09

Pearson Chi-square p=0.03*

Q7 Do you feel you have t¢

Grade of rectal intussusception

strain too hard to have a

bowel movement? no RI 1 2 3 4 5 Total
Q7 NOOR Patient
MINOR number 12 0 4 3 7 0 26
SYMPTOMS,
& 46.29 0% 15.49%11.5%926.99% 094 *0%0
CLEAR Patient
SYMPTOMS number 69 L 13 5 9 3 104
0,
% 67.694 1.0914.79 4.9% 8.8 2.9% 109;/5
Total Patient 81 1 19 8 16 3l 104
number
0,
% 63.3% 894 14.89 6.29412.5% 2.304 100

%

Pearsons Chi-Square p=0.09
Linear-By-Linear Association p=0.03*
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Q7 Do you feel you have to strain too hgrd Rectal prolapse
to have a bowel movement?
no prolapsq prolapsel Total
Q7 NO OR MINOR Patient
SYMPTOMS number 26 0 29
% 100.09 .0% 100.09
CLEAR SYMPTOMS Patient 99 3 107
number
% 97.1% 2.99%9 100.09
Total Patient 125 3 128
number
% 97.7% 2.39%9 100.09

Pearson Chi-square p=0.38

Q7 Do you feel you have to strain too hafd Enterocele
to have a bowel movement? enteroceld no enterocel{ Total
Q7 NO OR MINOR Patient 4 29 o6
SYMPTOMS number
% 15.4% 84.69 100.09
CLEAR SYMPTOMS Patient 10 92 102
number
% 9.8% 90.2% 100.09
Total Patient 14 114 128
number
% 10.99 89.19% 100.09
Pearson Chi-square p=0.42
Q7 Do you feel you have to strain too hard to have Lateral rectocele
bowel movement? no lateral
lateral rectocels rectocele Total
Q7 NO OR MINOR Patient
SYMPTOMS number 1 25 26
% 3.8 96.2% 100.09
CLEAR SYMPTOMS Patient 7 o5 102
number
% 6.9% 93.1% 100.09
Total Patient 8 120 124
number
% 6.2% 93.8% 100.09

Pearson Chi-square p=0.57
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Q8 Do you feel you have not completely PD
emptied your bowels at the end of a bow
movement? PD<1.5| PD>1.5| Total
Q8 NO OR MINOR Patient 9 1 10
SYMPTOMS number
% 90.09%¢ 10.09% 100.09
CLEAR SYMPTOMS Patient 96 o5 121
number
% 79.3% 20.79% 100.09
Total Patient 105 6 131
number
% 80.29% 19.8%¢ 100.09
Pearson Chi-square p=0.42
Q8 Do you feel you have not completely Presence of rectocele
emptied your bowels at the end of a bow
movement? no rectocelq rectoceld Total
Q8 NO OR MINOR Patient
SYMPTOMS number 0 10 10
% .0% 100.09 100.09
CLEAR SYMPTOMS Patient 16 105 121
number
% 13.29% 86.894 100.09
Total Patient 16 115 131
number
% 12.29% 87.894 100.09

Pearson Chi-square p=0.22

Q8 Do you feel you have not completely emptied Size of rectocele (cm)
your bowels at the end of a bowel movement? rectocele<2| rectocele2-4] Total
Q8 NO OR MINOR Patient 5 5 10
SYMPTOMS number
% 50.0% 50.09¢ 100.09
CLEAR SYMPTOMS Patient 78 43 121
number
% 64.5% 35.594 100.09
Total Patient 83 48 1311
number
% 63.4% 36.694 100.09

Pearson Chi-square p= 0.36
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Q8 Do you feel you have not completely Rectal intussusception
emptied your bowels at the end of a bow
movement? RI No RI Total
Q8 NO OR MINOR Patient 4 6 10
SYMPTOMS number
% 40.099¢ 60.09% 100.09
CLEAR SYMPTOMS Patient 41 77 114
number
% 34.79% 65.3% 100.09
Total Patient 45 33 128
number
% 35.29% 64.8%4 100.09

Pearson Chi-square p=0.74

Q8 Do you feel you have not Grade of rectal intussusception
completely emptied your
bowels at the end of a bowel
movement? noRI| 1 2 3 4 5 Total
Q8 NOOR Patient
MINOR number 6 0 0 2 2 0 19
SYMPTOMS ¢ 60.04 .09 .09420.044 20.0944 .09 100.09
CLEAR Patient
SYMPTOMS number & 1 19 ! 14 3 124
% 63.69 899 15.799 5.894 11.694 2.594 100.09
Total Patient 83 1 19 9 16 3 131
number
% 63.49 .89914.59 6.994 12.294 2.394 100.09

Pearsons Chi-Square p=0.40
Linear-By-Linear Association p=0.54
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Q8 Do you feel you have not completely Rectal prolapse
emptied your bowels at the end of a bow
movement? no prolapsq prolapsel Total
Q8 NO OR MINOR Patient
SYMPTOMS number 10 0 19
% 100.09 .0% 100.09
CLEAR SYMPTOMS Patient 118 3 121
number
% 97.5% 2.599 100.09
Total Patient 124 3 131
number
% 97.7% 2.39%4 100.09
Pearson Chi-square p=0.61
Q8 Do you feel you have not completely Enterocele
emptied your bowels at the end of a bow
movement? enteroceld no enterocel{ Total
Q8 NO OR MINOR Patient 5 8 10
SYMPTOMS number
% 20.09 80.09% 100.09
CLEAR SYMPTOMS Patient 15 106 121
number
% 12.49 87.694 100.09
Total Patient 17 114 131
number
% 13.09 87.094 100.09
Pearson Chi-square p=0.49
Q8 Do you feel you have not completely emptied Lateral rectocele
your bowels at the end of a bowel movement? ho lateral
lateral rectoceld rectocele Total
Q8 NO OR MINOR Patient
SYMPTOMS number L 9 19
% 10.0% 90.094  100.09
CLEAR SYMPTOMS Patient 7 114 121
number
% 5.8% 94.294  100.09
Total Patient 8 123 131
number
% 6.1% 93.99  100.09

Pearson Chi-square p=0.59
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Q9 Do you usually lose stool beyond yOlj’ PD
control if your stool is well formed? PD<1.5| PD>1.5| Total
Q9 NO OR MINOR Patient
SYMPTOMS number 59 17 9
% 77.69% 22.4% 100.09
CLEAR SYMPTOMS Patient 44 9 53
number
% 83.094 17.09% 100.09
Total Patient 103 26 124
number
% 79.894 20.2% 100.09

Pearson Chi-square p=0.45

Q9 Do you usually lose stool beyond yOlj’ Presence of rectocele
control if your stool is well formed? no rectoceld rectoceld Total
Q9 NO OR MINOR Patient 7 69 76
SYMPTOMS number
% 9.2%¢ 90.8% 100.09
CLEAR SYMPTOMS Patient 9 44 53
number
% 17.09¢ 83.099 100.09
Total Patient 16 113 129
number
% 12.49% 87.69 100.09
Pearson Chi-square p=0.19
Q9 Do you usually lose stool beyond your controlif Size of rectocele
your stool is well formed? rectocele<2| rectocele2-4| Total
Q9 NO OR MINOR Patient
SYMPTOMS number 51 25 9
% 67.1% 3299  100.09
CLEAR SYMPTOMS Patient
number 29 24 53
% 54.7% 45.3%  100.09
Total Patient
number 80 49 129
% 62.0% 38.094¢ 100.09

Pearson Chi-square p=0.15
Linear-By-Linear Association p=0.16
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Q9 Do you usually lose stool beyond yOlj’ Rectal intussusception
control if your stool is well formed? RI No RI Total
Q9 NO OR MINOR Patient
SYMPTOMS number 19 54 3
% 26.09 74.09% 100.09
CLEAR SYMPTOMS Patient 27 26 53
number
% 50.99 49.1% 100.09
Total Patient 46 80 126
number
% 36.599 63.5%9q 100.09

Pearson Chi-square p=0.00*

Q9 Do you usually lose stool Grade of rectal intussusception
beyond your control if your
stool is well formed? noRI| 1 2 3 4 5 Total
Q9 NOOR Patient
MINOR number o4 0 8 3 8 3 76
SYMPTOMS 71.19 .09%10.5% 3.99410.5%4 3.9%100.09
CLEAR Patient
SYMPTOMS number 26 1 12 6 8 0 53
% 49.1941.994 22.694 11.394 15.1% .09¢ 100.09
Total Patient 30 1 20 9 16 3 129
number
% 62.09 .89915.59% 7.09912.49% 2.394100.09

Pearsons Chi-Square p=0.04*
Linear-By-Linear Association p=0.10

Q9 Do you usually lose stool beyond your controlif Rectal prolapse
your stool is well formed? no prolapse| prolapse Total
Q9 NO OR MINOR Patient
SYMPTOMS number 3 3 76
% 96.1% 3.99%9 100.09
CLEAR SYMPTOMS Patient 53 0 53
number
% 100.09 .0%| 100.09
Total Patient
number 124 3 129
% 97.7% 2.3%4  100.09

Pearson Chi-square p=0.14
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Q9 Do you usually lose stool beyond yOlj’ Enterocele
Q9 NO OR MINOR Patient
SYMPTOMS number 8 68 [
% 10.59 89.59 100.09
CLEAR SYMPTOMS Patient 9 44 53
number
% 17.0% 83.09% 100.09
Total Patient 17 112 124
number
% 13.29 86.894 100.09

Pearson Chi-square p=0.29

Q9 Do you usually lose stool beyond yOlj’ Lateral rectocele
control if your stool is well formed? lateral no lateral
rectocele rectocele Total
Q9 NO OR MINOR Patient
SYMPTOMS number 5 & 76
% 6.6 93.4% 100.09
CLEAR SYMPTOMS Patient 5 51 53
number
% 3.8% 96.29% 100.09
Total Patient 7 129 129
number N
% 5.4% 94.69%9 100.09
Pearson Chi-square p=0.49
Q10 Do you usually lose stool beyond yoyr PD
control if your stool is loose or liquid? PD<15| PD>1.5| Total
Q10 NO OR MINOR Patient
SYMPTOMS number 34 1 49
% 75.694 24.4% 100.09
CLEAR SYMPTOMS Patient
number 3 15 88
% 83.099 17.09% 100.09
Total Patient 107 6 133
number N
% 80.594 19.59¢ 100.09

Pearson Chi-square p=0.31
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Q10 Do you usually lose stool beyond yoyr Presence of rectocele
Q10 NO OR MINOR Patient
SYMPTOMS number 2 43 43
% 449 95.69%¢ 100.09
CLEAR SYMPTOMS Patient 14 74 89
number
% 15.99% 84.1% 100.09
Total Patient 16 117 133
number
% 12.09¢ 88.09 100.09
Pearson Chi-square p=0.05*
Q10 Do you usually lose stool beyond yoyr Size of rectocele

control if your stool is loose or liquid? rectocele<] rectocele2-! Total
QIO SRNOR  patert R
% 64.4% 35.6% 100.09
CLEAR SYMPTOMS Patient 54 34 83
number
% 61.4% 38.6% 100.09
Total Patient 33 50 133
number
% 62.4% 37.6% 100.09

Pearson Chi-square p=0.73
Linear-By-Linear Association p=0.73

Q10 Do you usually lose stool beyond yoyr Rectal intussusception
control if your stool is loose or liquid? Rl NoRI | Total
Q10 NO OR MINOR Patient
SYMPTOMS number 8 36 44
% 18.29%9 81.8%4 100.09
CLEAR SYMPTOMS Patient 38 48 86
number
% 44,294 55.89% 100.09
Total Patient 46 g4 130
number
% 35.49%0 64.6% 100.09

Pearson Chi-square p=0.00*
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Q10 Do you usually lose stool Grade of rectal intussusception
beyond your control if your stool
is loose or liquid? no RI 1 2 3 4 5 Total
Q10 NO OR MINOR Patient
SYMPTOMS number 36 0 4 2 2 L 43
% 80.0% .09 8.99 4.494 4.49 2.294100.09
CLEAR Patient
SYMPTOMS  number 48 L 16 ! 14 2 88
% 545% 1.199 18.29% 8.090 15.999¢ 2.3%100.09
Total Patient 84l 1 20 9 16 3 133
number
% 63.29 .8% 15.04 6.894 12.09 2.3% 100.09
Pearsons Chi-Square p=0.11
linear-By-Linear Association p=0.01*
Q10 Do you usually lose stool beyond yoyr Rectal prolapse
control if your stool is loose or liquid? no prolapsq prolapsd Total
Q10 NO OR MINOR Patient a4 1 45
SYMPTOMS number
% 97.8% 2.29% 100.09
CLEAR SYMPTOMS Patient
86 2 88
number
% 97.7% 2.3%q 100.09
Total Patient
ota © 130 3 133
number
% 97.7% 2.3%9 100.09
Pearson Chi-square p=0.99
Q10 Do you usually lose stool beyond your contirof i Enterocele
your stool is loose or liquid? enterocele| no enterocele| Total
Q10 NO OR MINOR Patient numbe 5 40, 45
SYMPTOMS % 11.14 88.99  100.09
CLEAR SYMPTOMS Patient numbe 12 76 88
% 13.6% 86.4% 100.09
Total Patient numbe 17 116 133
% 12.8% 87.2% 100.09

Pearson Chi-square p=0.68
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Q10 Do you usually lose stool beyond yoyr Lateral rectocele
control if your stool is loose or liquid? lateral no lateral
rectocele| rectocele Total
10 NO OR MINOR Patient
0 SYMPTOMS number 3 42 43
% 6.7% 93.3% 100.09
CLEAR SYMPTOMS Patient 5 83 89
number
% 5.7% 94.3% 100.09
Total Patient 8 125 134
number
% 6.0% 94.09¢ 100.09
Pearson Chi-square p=0.82
Q11 Do you usually lose gas from the recfum PD
beyond your control? PD<1.5| PD>1.5| Total
11 NO OR MINOR Patient
0 SYMPTOMS number 22 10 32
% 68.89¢ 31.29 100.09
CLEAR SYMPTOMS Patient 85 16 101
number
% 84.29%4 15.894 100.09
Total Patient 107 6 133
number
% 80.594 19.59¢ 100.09
Pearson Chi-square p=0.06
Q11 Do you usually lose gas from the rectum beyqnd Rectocele
your control? no rectocele| rectocele| Total
Q11 NO OR MINOR Patient numbe 3 29 32
SYMPTOMS % 9.49  90.6% 100.09
CLEAR SYMPTOMS Patient numbe 13 88 104
% 12.9% 87.194  100.09
Total Patient numbe 16 117 133
% 12.0% 88.094  100.09

Pearson Chi-square p=0.60
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Q11 Do you usually lose gas from the recfum Size of rectocele
beyond your control? rectocele<]rectocele2-4 Total
QU NoORUNOR Pl EERE
% 53.1% 46.9%9 100.09
CLEAR SYMPTOMS Patient 66 35 101l
number
% 65.3% 34.7% 100.09
Total Patient 83 50 133
number
% 62.4% 37.6%4 100.09

Pearson Chi-square p=0.21

beyond your control?

Q11 Do you usually lose gas from the recfum Rectal intussusception

RI No RI Total

T R R

% 18.89¢ 81.294 100.09

CLEAR SYMPTOMS Patient 40 58 g
number

% 40.894¢ 59.29% 100.09

Total Patient 46 g4 130
number

% 35.49% 64.69% 100.09

Pearson Chi-square p=0.02*

Q11 Do you usually lose gas from tHe Grade of rectal intussusception
rectum beyond your control? no RI 1 2 3 4 5 Total
Q11 NO OR MINOR Patient
SYMPTOMS number 26 0 3 0 3 0 32
% 81.2% .0% 9.4% .0% 9.499 .0% 100.09
CLEAR Patient
SYMPTOMS number 58 L 17 9 13 3 104
% 57.4% 1.09 16.894 8.99412.99%9 3.099 100.09
Total Patient 84l 1 20 9 16 3 133
number
% 63.2% .8% 15.09 6.89412.094 2.3%4 100.09

Pearsons Chi-Square p=0.19

Linear-By-Linear Association p=0.03*
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Q11 Do you usually lose gas from the recfum Rectal prolapse
beyond your control? no prolapsq prolapse| Total
Q11 NO OR MINOR Patient 32 0 32
SYMPTOMS number
% 100.09 .0% 100.09
CLEAR SYMPTOMS rlj’s::]%r;tr 98 3 101
% 97.0% 3.099 100.09
Total Patient 130 3 133
number
% 97.7% 2.3%4 100.09
Pearson Chi-square p=0.32
Q11 Do you usually lose gas from the recfum Enterocele
beyond your control? enteroceld no enterocel{ Total
QU NoORUNOR Pl I
% 15.6% 84.4% 100.09
CLEAR SYMPTOMS rlj’s::]%r;tr 12 89 101l
% 11.9% 88.19% 100.09
Total Patient 17 116 133
number
% 12.8% 87.294 100.09
Pearson Chi-square p=0.58
Q11 Do you usually lose gas from the recfum Lateral rectocele
beyond your control? lateral no lateral
rectocele | rectocele | Total
T TERE
% 6.2% 93.8% 100.09
CLEAR SYMPTOMS rl?j;trl]%r;tr 6 95 101
% 5.9% 94.1% 100.09
Total Patient 8 125 133
number
% 6.0% 94.09% 100.09

Pearson Chi-square p=0.95

252



Q12 Do you usually have pain when you gass PD
your stool? PD<1.5| PD>1.5| Total
T I R R
% 80.099¢ 20.09% 100.09
CLEAR SYMPTOMS Patient 55 13 69
number
% 80.99 19.19% 100.09
Total Patient 107 26 133
number
% 80.599 19.59% 100.09

Pearson Chi-square p=0.90

Q12 Do you usually have pain when you gass Presence of rectocele
your stool? no rectoceld rectoceld Total
Q12 NO OR MINOR Patient 8 57 65
SYMPTOMS number
% 12.3%4 87.79% 100.09
CLEAR SYMPTOMS rl?s::]%r;tr 3 60 69
% 11.89%4 88.294 100.09
Total Patient 16 117 133
number
% 12.09¢ 88.09% 100.0¢9
Pearson Chi-square p=0.92
Q12Do you usually have pain when you g Size of rectocele
your stool? rectocele<irectocele2-{ Total
T P
% 63.1% 36.9% 100.09
CLEAR SYMPTOMS rl?j;trl]ebr;tr 42 26 63
% 61.8% 38.2% 100.09
Total Patient 33 50 133
number
% 62.4% 37.69% 100.09

Pearson Chi-square p=0.88
Linear-By-Linear Association p=0.88
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Q12 Do you usually have pain when ymasy Rectal intussusception
your stool? RI | NoRI | Total
Q12 NO OR MINOR Patient
SYMPTOMS number 25 38 63
% 39.79% 60.3% 100.09
CLEAR SYMPTOMS Patient 21 46 67
number
% 31.39% 68.7% 100.09
Total Patient 46 84 134
number
% 35.49% 64.69% 100.09
Pearson Chi-square p=0.32
Q12Do you usually have pain wh Grade of rectal intussusception
YOU pass your stool? no RI 1 2 3 4 5 Total
Q12 NO OR MINOR Patient
SYMPTOMS number 38 L 9 4 11 2 63
% 58.59 1.59 13.894 6.294 16.99 3.19 100.09
CLEAR Patient
SYMPTOMS number 46 0 11 5 S ! 68
% 67.69 .0% 16.2% 7.49 7.49 1.59 100.09
Total Patient g4 1| 20 of 16 3| 133
number
% 63.29 .8% 15.09 6.89 12.09 2.39% 100.09
Pearsons Chi-Square p=0.47
Linear-By-Linear Association p=0.15
Q12 Do you usually have pain when yosga Rectal prolapse
your stool? no prolapsq prolapse| Total
Q12 NO OR MINOR Patient 63 5 65
SYMPTOMS number
% 96.9% 3.194 100.09
CLEAR SYMPTOMS Patient 67 1 63
number
% 98.5% 1.59%4 100.09
Total Patient 130 3 133
number
% 97.7% 2.39%4 100.09

Pearson Chi-square p=0.53



Q12 Do you usually have pain wheouwypas Enterocele
your stool? enteroceld no enterocel{ Total
QN0 TIOR  patert e
% 12.3% 87.79% 100.09
CLEAR SYMPTOMS Eﬁg:ggr 9 59 63
% 13.2% 86.8%4 100.09
Total Patient 17 116 133
number
% 12.8% 87.29% 100.09

Pearson Chi-square p=0.87

Q12Do you usually have pain when you p

Lateral rectocele

your stool? lateral no lateral
rectocele rectocele Total
Q12 NO OR MINOR Patient
SYMPTOMS number 5 60 63
% 7.7% 92.39% 100.09
CLEAR SYMPTOMS Patient 3 65 69
number
% 4.49% 95.699 100.09
Total Patient 3 125 133
number
% 6.0% 94.09% 100.09
Pearson Chi-square p=0.43
Q13 Do you experience a strong sense of] PD
urgency and have to rush to the bathroom
have a bowel movement? PD<1.5| PD>1.5| Total
Q13 NO OR MINOR Patient
SYMPTOMS number 37 10 47
% 78.799 21.3% 100.09
CLEAR SYMPTOMS Patient
number 70 16 86
% 81.49% 18.6% 100.09
Total Patient 107 26 133
number
% 80.59%4 19.59¢ 100.09

Pearson Chi-square p=0.71
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Q13 Do you experience a strong sense of] Presence of rectocele
urgency and have to rush to the bathroom
have a bowel movement? no rectocelq rectoceld Total
Q13 NO OR MINOR Patient
SYMPTOMS number 3 44 41
% 6.4%9 93.69%4 100.09
CLEAR SYMPTOMS Patient 13 73 86
number
% 15.19% 84.9% 100.09
Total Patient 16 117 133
number
% 12.099 88.0% 100.09

Pearson Chi-square p=0.14

Q13 Do you experience a strong sense of]

Size of rectocele

urgency and have to rush to the bathroom
have a bowel movement? rectocele<irectocele2-4 Total
Q13 NO OR MINOR Patient
SYMPTOMS number 25 22 47
% 53.2% 46.8%4 100.09
CLEAR SYMPTOMS Patient
number 58 28 86
% 67.4% 32.69%4 100.09
Total Patient 83 50 133
number
% 62.4% 37.69%4 100.09

Pearson Chi-square p=0.11

Linear-By-Linear Association p=0.11



Q13 Do you experience a strong sense of Rectal intussusception
urgency and have to rush to the bathroom
have a bowel movement? RI No RI Total
Q13 NO OR MINOR Patient
SYMPTOMS number 10 37 41
% 21.39%4 78.79% 100.09
CLEAR SYMPTOMS Patient 36 47 83
number
% 43.49% 56.69% 100.09
Total Patient 46 g4 130
number
% 35.49 64.69% 100.09
Pearson Chi-square p=0.01*
Q13 Do you experience a strong sefjse Grade of rectal intussusception
of urgency and have to rush to the
bathroom to have a bowel movemer] no RI 1 2 3 4 5 Total
Q13 NO OR MINOR Patient
SYMPTOMS number 37 1 6 L 2 0 AT
% 78.79% 2.199 12.89% 2.199 4.3% .09 100.09
CLEAR Patient
SYMPTOMS number 47 0 14 8 14 3 86
% 54.7% 0% 16.399 9.399 16.39%9 3.5%100.09
Total Patient 84 1 20 9 16 3 133
number
% 63.29 .89 15.09 6.8%4 12.09% 2.3% 100.09

Pearsons Chi-Square p=0.03*
Linear-By-Linear Association p=0.00*

Q13 Do you experience a strong sense of Rectal prolapse
urgency and have to rush to the bathroom
have a bowel movement? no prolapsq prolapsel Total
Q13 NO OR MINOR Patient
SYMPTOMS number ar 0 o
% 100.09 .0% 100.09
CLEAR SYMPTOMS Patient 83 3 86
number
% 96.5% 3.599 100.09
Total Patient 130 3 133
number
% 97.7% 2.39%9 100.09

Pearson Chi-square p=0.20
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Q13 Do you experience a strong sense of] Enterocele
urgency and have to rush to the bathroom
have a bowel movement? enterocelq no enterocel{ Total
Q13 NO OR MINOR Patient
SYMPTOMS number 4 43 47
% 8.5% 91.59% 100.09
CLEAR SYMPTOMS Patient 13 73 86
number
% 15.1% 84.99% 100.09
Total Patient 17 116 133
number
% 12.8% 87.29% 100.09

Pearson Chi-square p=0.28

Q13 Do you experience a strong sense of]

Lateral rectocele

urgency and have to rush to the bathroom{ |5teral no lateral
have a bowel movement? rectocele | rectocele | Total
Q13 NO OR MINOR Patient 3 44 47
SYMPTOMS number
% 6.4% 93.6% 100.09
CLEAR SYMPTOMS rli]’j;[rl]ebr;tr 5 31 86
% 5.8% 94.2% 100.09
Total Patient 3 125 133
number
% 6.0% 94.09q 100.09
Pearson Chi-square p=0.90
Urinary Dysfunction
Q5 Do you usually experience a feeling of PD
incomplete bladder emptying? PD<1.5 | PD>1.5 Total
S ORRNOR et o o o
% 84.5% 15.59¢  100.09
CLEAR SYMPTOMS Patient 56 17 23
number
% 76.7% 23.3%  100.09
Total patient 105 26 131
% 80.2% 19.894  100.09

Pearson Chi-square p=0.27
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Q5 Do you usually experience a feeling df Presence of rectocele
incomplete bladder emptying? no rectocel{ rectoceld Total
Q5 NO OR MINOR Patient
SYMPTOMS number ! 51 5§
% 12.1% 87.99% 100.09
CLEAR SYMPTOMS Patient 9 64 73
number
% 12.3% 87.79% 100.09
Total Patient 16 115 131
number
% 12.2% 87.894 100.09
Pearson Chi-square p=0.96
Q5 Do you usually experience a feeling qf Size of rectocele
incomplete bladder emptying? rectocele<]rectocele2-{ Total
Q5 NO OR MINOR Patient
SYMPTOMS number 36 22 5§
% 62.1% 37.99¢ 100.09
CLEAR SYMPTOMS Patient 46 27 73
number
% 63.0% 37.09¢ 100.09
Total Patient 87 49 131
number
% 62.6% 37.49% 100.09

Pearson Chi-square p=0.91

Linear-By-Linear Association p=0.91

Q5 Do you usually experience a feeling gf  Rectal intussusception
incomplete bladder emptying? Rl NoRI | Total
Q5 NO OR MINOR Patient
SYMPTOMS number 24 33 o1
% 42.194 57.99% 100.09
CLEAR SYMPTOMS Patient 29 49 71
number
% 31.09¢ 69.09% 100.09
Total Patient 46 87 128
number
% 35.990 64.19% 100.09

Pearson Chi-square p=0.19
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Q5 Do you usually experience a
feeling of incomplete bladder
emptying?

Grade of rectal intussusception

no RI 1

2 3

4 5 Total

Q5 NO OR MINOR Patient
SYMPTOMS number

%

33

56.9% .09915.5% 5.2%

0 9 3

12 1 58

20.7% 1.794100.09

CLEAR Patient
SYMPTOMS number

%

49

67.194 1.49415.19 8.2%

1 11 6

4 2 73

5594 2.79%4 100.09

Total Patient
number

%

82

62.6% .89015.3%9 6.9%

1 20 9

16 3 131

12.2% 2.394 100.09

Pearsons Chi-Square p=0.15

Linear-By-Linear Association p=0.10
Q5 Do you usually experience a feeling df Rectal prolapse
incomplete bladder emptying? no prolapsq prolapsd Total
Q5 NO OR MINOR Patient 57 1 59
SYMPTOMS number
% 98.3% 1.79%9 100.09
CLEAR SYMPTOMS Patient
number 71 2 3
% 97.3% 2.79% 100.09
Total Patient 124 3 131
number
% 97.7% 2.39%4 100.09
Pearson Chi-square p=0.70
Q5 Do you usually experience a feeling of inconmpldt Enterocele
bladder emptying? enteroceld no enterocele| Total
Q5 NO OR MINOR Patient number 6 52 58
SYMPTOMS % 10.3% 89.79  100.09
CLEAR SYMPTOMS Patient number 11 62 73
% 15.1% 84.99  100.09
Total Patient number 17 114 134
% 13.0% 87.094 100.09

Pearson Chi-square p=0.42
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Q5 Do you usually experience a feeling of Lateral rectocele
incomplete bladder emptying? lateral | no lateral
rectocele| rectocele| Total
Q5 NO OR MINOR Patient numbsg 2 56 58
SYMPTOMS % 349  96.69 100.09
CLEAR SYMPTOMS Patient numbe 6 67| 73
% 8.2% 91.8%¢ 100.09
Total Patient numbg 8 123 131
% 6.1% 93.99% 100.09
Pearson Chi-square p=0.26
Q6 Do you ever have to push up in the vagipal PD
area with your fingers to start or complete |pp<1
urination? 5 | PD>1.5| Total
Q6 NO OR CLEAR Patient numbsg 97 25 122
SYMPTOMS % 7959 20.59% 100.09
CLEAR SYMPTOMS Patient numbsg 7 0 7]
v 1000 oW 100.09
Total Patient numbg 104 25 129
% 80.6% 19.4% 100.09
Pearson Chi-square p=0.18
Q6 Do you ever have to push up in the vaginal ar¢a Presence of rectocele
with your fingers to start or complete urination? no rectocelel rectocele] Total
Q6 NO OR CLEAR Patient numb¢g 15] 107 122
SYMPTOMS % 12.3%  87.7%  100.09
CLEAR SYMPTOMS Patient numbg 1 6 7
% 14.3% 85.79%  100.09
Total Patient numbg 16 113 129
% 12.4% 87.69  100.09

Pearsons Chi-square p=0.88
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Q6 Do you ever have to push up in the vaginlal

Size of rectocele

area with your fingers to start or complete  |/ectoce
urination? e<2 |rectocele2-{ Total
Q6 NO OR CLEAR Patient number 79 43 127
SYMPTOMS % 64.8% 35.204 100.09
CLEAR SYMPTOMS Patient number 4 3 7]
% 57.1% 42.99% 100.09
Total Patient number| 83 46 129
% 64.3% 35.7% 100.09

Pearsons Chi-square p=0.68
Linear-By-Linear Association p=0.68

Q6 Do you ever have to push up in the vagipalRectal intussusception|
area with your fingers to start or complete
urination? RI | NoRI Total
Q6 NO OR CLEAR Patient numbsg 41 78 119
SYMPTOMS % 3459 65.5% 100.09
CLEAR SYMPTOMS Patient numbe 4 3 7]
% 57.1% 42.99%4 100.09
Total Patient numbsg 45 81 124
% 35.7% 64.3%4 100.09
Pearsons Chi-square p=0.22
Q6 Do you ever have to push ugi Grade of rectal intussusception
the vaginal area with your finger
to start or complete urination? no RI 1 2 3 4 5 Total
Sl T I Y R e
% 63.990 .89%413.1% 7.49412.3%q 2.594 100.0%
el I R R I I R
% 42,99  .09942.9% .0%914.3% .09% 100.09
Total patient 81 1 19 o 16 3 129
% 62.8% .89014.79% 7.09912.499 2.3%9 100.09

Pearsons Chi-Square p=0.39

Linear-By-Linear Association p=0.60
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area with your fingers to start or complete
urination?

Q6 Do you ever have to push up in the vagipal Rectal prolapse

no
prolapsq prolapse| Total

%

Q6 NO OR CLEAR Patient numbsg 119 3 122
SYMPTOMS % 97.59 2.5 100.09
CLEAR SYMPTOMS Patient numbe 7 0 7

% 100.09 .0% 100.09
Total Patient numbg 126 3 129

97.7% 2.3%9 100.09

Pearsons Chi-square p=0.68

Q6 Do you ever have to push up in the

Enterocele

vaginal area with your fingers to start or
complete urination?

enteroceld no enterocell Total

Q6 NO OR CLEAR Patient
SYMPTOMS number 17 103 122
% 13.9% 86.199 100.0¢
CLEAR SYMPTOMS Patient
0 7 7
number
% .0% 100.09 100.09
Total Patient 17 119 129
number
% 13.2% 86.89q 100.0¢

Pearsons Chi-square p=0.29

Q6 Do you ever have to push up in the Lateral rectocele
vaginal area with your fingers to start or lateral no lateral
complete urination? rectocele | rectocele | Total
Q6 NO OR CLEAR Patient .
SYMPTOMS number 6 119 122
% 4.9% 95.19% 100.09
CLEAR SYMPTOMS Patient
1 6 7
number
% 14.3% 85.794 100.09
Total Patient 7 122 12d
number
% 5.4% 94.6% 100.09

Pearsons Chi-square p=0.29
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urination?

urination?

Q15 Do you usually experience frequent PD
PD<1.5|PD>1.5 Total
Q15 NO OR MINOR Patient numbsg 44 12 56
SYMPTOMS % 78.69 21.4% 100.0¢
CLEAR SYMPTOMS Patient numbe 62 13 75
% 82.7% 17.3% 100.09
Total Patient numbg 106 25 131
% 80.9% 19.19% 100.09
Pearsons Chi-square p=0.56
Q15 Do you usually experience frequent Presence of rectocele
no rectocelq rectocelg Total
QIS O SRNOR  patert o o s
% 16.1% 83.9% 100.09
CLEAR SYMPTOMS Eg%ir;tr 6 69 75
% 8.099 92.09% 100.09
Total Patient 15 116 131
number
% 11.5% 88.5% 100.09

Pearsons Chi-square p=0.15

urination?

Q15 Do you usually experience frequent

Size of rectocele

rectocele<lrectocele2-4 Total

Q15 NO OR MINOR Patient

SYMPTOMS number 38 18 56

% 67.9% 32.194 100.09

CLEAR SYMPTOMS Patient 44 31 75
number

% 58.7% 41.39%4 100.09

Total Patient 87 49 131
number

% 62.6% 37.49% 100.0¢

Pearsons Chi-square p=0.28

Linear-By-Linear Association p=0.28
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Q15 Do you usually experience frequent Rectal intussusception
urination’? RI | NoRI | Total
Q15 NO OR MINOR Patient numbsg 23 31 54
SYMPTOMS % 42.694 57.4% 100.0¢
CLEAR SYMPTOMS Patient numbe 23 51 74
% 31.19 68.99% 100.09
Total Patient numbg 46 82 128
% 35.999 64.19% 100.09
Pearsons Chi-square p=0.18
Q15 Do you usually experience Grade of rectal intussusception
frequent urination? no RI 1 2 3 4 5 Total
T I I B R R R
% 55.4% .0% 19.694 3.694 17.9% 3.6% 100.09
SYMPTOMS  number I I B
% 68.09 1.39 12.09 9.3%4 8.09d 1.3%4 100.09
Total Patient 8ol 1 20 9 16 3 131
number
% 62.69 .89 15.3% 6.99 12.2% 2.3%4 100.09

Pearsons Chi-Square p=0.18
Linear-By-Linear Association p=0.09

Q15 Do you usually experience frequent Rectal prolapse
urination? no prolapsq prolapse| Total
Q15 NO OR MINOR Patient
SYMPTOMS number 54 2 59
% 96.4% 3.694 100.09
CLEAR SYMPTOMS Patient 74 1 75
number
% 98.7% 1.39%4 100.09
Total Patient 128 3 131
number
% 97.7% 2.3%q 100.09

Pearsons Chi-square p=0.40
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Q15 Do you usually experience frequent Enterocele
urination? enteroceld no enterocell Total
Q15 NO OR MINOR Patient
SYMPTOMS number 6 50 o6
% 10.7% 89.3% 100.09
CLEAR SYMPTOMS Patient 11 64 75
number
% 14.7% 85.3% 100.09
Total Patient 17 114 131
number
% 13.0% 87.094 100.09

Pearsons Chi-square p=0.51

Q15 Do you usually experience frequent Lateral rectocele

urination? lateral no lateral
rectocele| rectocele Total
Q15 NO OR MINOR Patient
SYMPTOMS number 3 53 56
% 5.4% 94.694 100.09
CLEAR SYMPTOMS Patient 5 20 75
number
% 6.7% 93.39% 100.09
Total Patient 8 123 131
number
% 6.1% 93.99¢ 100.09

Pearsons Chi-square p=0.76

Q16 Do you usually experience urine leakage PD
associated with a feeling of urgency; that is rarsj
sensation of needing to go to the bathroom? PD<1.5 | PD>15 Total
Q16 NO OR MINOR Patient numbe 56 18 74
SYMPTOMS % 7579 2439  100.09
CLEAR SYMPTOMS Patient numbe 50 8 58
% 86.2% 13.8% 100.09
Total Patient numbe 104 26 137
% 80.3% 19.799  100.09

Pearson Chi-square p=0.13
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Q16 Do you usually experience urine leal Rectocele
associated with a feeling of urgency; that
strong sensation of needing to go to the
bathroom? no rectocelq rectoceld Total
Q16 NO OR MINOR Patient
SYMPTOMS number 11 63 4
% 14.9% 85.1% 100.09
CLEAR SYMPTOMS Patient 5 53 59
number
% 8.6%9 91.49% 100.09
Total Patient 16 114 132
number
% 12.19%9 87.9% 100.09

Pearson Chi-square p=0.28

Q16 Do you usually experience urine lead

Ag

Size of Rectocele

associated with a feeling of urgency; that
strong sensation of needing to go to the
bathroom? rectocele<jrectocele2-{ Total
Q16 NO OR MINOR Patient
SYMPTOMS number 49 25 4
% 66.2% 33.8%4 100.09
CLEAR SYMPTOMS Patient 34 24 58
number
% 58.6% 41.49% 100.09
Total Patient 83 49 139
number
% 62.9% 37.19% 100.09
Pearson Chi-square p=0.37
Q16 Do you usually experience urine leakage Rectal intussusception
associated with a feeling of urgency; that is rarsi
sensation of needing to go to the bathroom? RI No RI Total
Q16 NO OR MINOR Patient numbe 28 43 71
SYMPTOMS % 39.49  60.69  100.09
CLEAR SYMPTOMS Patient numbe 18 40 58
% 31.0% 69.0% 100.09
Total Patient numbe 46 83 129
% 35.7% 64.3% 100.09

Pearson Chi-square p=0.32
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Q16 Do you usually experience

Grade of rectal intussusception

urine leakage associated with a
feeling of urgency; that is, a strg
sensation of needing to go to th{
bathroom? no RI 1 2 3 4 5 Total
Q16 NOOR Patient
MINOR number 43 1 14 3 10 3 74
SYMPTOMS o 58.19 1.49% 18.99 4.19 1359 4.1% 100.09
CLEAR Patient
SYMPTOMS number 40 0 6 6 6 0 58
% 69.0% .09 10.3% 10.3% 10.3% .09 100.09
Total Patient 83 1 20 9 16 3 139
number
% 62.9% 8% 15.294 6.899 12.19% 2.3% 100.09
Pearsons Chi-Square p=0.19
Linear-By-Linear Association p=0.18
Q16 Do you usually experience urine leal Rectal prolapse
associated with a feeling of urgency; that
strong sensation of needing to go to the
bathroom? no prolapsq prolapsel Total
Q16 NO OR MINOR Patient 71 3 74
SYMPTOMS number
% 95.9% 4.19% 100.09
CLEAR SYMPTOMS Patient
58 0 58
number
% 100.09 0% 100.09
Total Patient
129 3 137
number
% 97.7% 2.3%9 100.09
Pearson Chi-square p=0.12
Q16 Do you usually experience urine leakage Enterocele
associated with a feeling of urgency; that is rarsy
sensation of needing to go to the bathroom? enterocelel no enteroceld Total
Q16 NO OR MINOR Patient numbe 9 65 74
SYMPTOMS % 12.29 87.8%  100.09
CLEAR SYMPTOMS Patient numbe 8 50 58
% 13.8% 86.2% 100.09
Total Patient numbe 17 115 132
% 12.9% 87.1% 100.09

Pearson Chi-square p=0.78



Q16 Do you usually experience urine leak

Lateral rectocele

associated with a feeling of urgency; that
strong sensation of needing to go to the lateral no lateral
bathroom? rectocele | rectocele | Total
Q16 NO OR MINOR Patient
SYMPTOMS number 5 69 4
% 6.8% 93.29% 100.09
CLEAR SYMPTOMS Patient 3 55 59
number
% 5.2% 94.8% 100.09
Total Patient 3 124 132
number
% 6.1% 93.99% 100.09
Pearson Chi-square p=0.71
Q17 Do you usually experience urine leak PD
related to coughing, sneezing or laughing] pp<1 5] PD>1.5| Total
Q17 NO OR MINOR Patient
SYMPTOMS number 50 14 64
% 78.19%4 21.99% 100.09
CLEAR SYMPTOMS Patient
number 56 11 61
% 83.69%4 16.49% 100.09
Total Patient 108 o 131
number
% 80.9940 19.19%4 100.09
Pearson Chi-square p=0.43
Q17 Do you usually experience urine leakage relajed Presence of rectocele
to coughing, sneezing or laughing? no rectocele| rectocele| Total
Q17 NO OR MINOR Patient numbe 9 55 64
SYMPTOMS % 1419 8599 100.09
CLEAR SYMPTOMS Patient numbe 7 60 67]
% 10.4% 89.6%4  100.09
Total Patient numbe 16 115 131
% 12.2% 87.8%4  100.09

Pearsons Chi-square p=0.53
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Q17 Do you usually exgrience urine leakag
related to coughing, sneezing or laughing

Size of rectocele

rectocele<irectocele2-4 Total

Q17 NO OR MINOR Patient

SYMPTOMS number 39 29 64

% 60.9% 39.194 100.09

CLEAR SYMPTOMS Patient 44 23 67
number

% 65.7% 34.3% 100.09

Total Patient 83 48 131
number

% 63.4% 36.69%4 100.09

Pearsons Chi-square p=0.57

Linear-By-Linear Association p=0.58

Q17 Do you usually experience urine leak
related to coughing, sneezing or laughing

Rectal intussusception

%

RI No RI Total

Q17 NO OR MINOR Patient

SYMPTOMS number 24 38 62

% 38.79% 61.3% 100.09

CLEAR SYMPTOMS Patient 29 44 66
number

% 33.3%¢ 66.79 100.09

Total Patient 46 g7 128
number

35.99 64.19% 100.09

Pearsons Chi-square p=0.53

Q17 Do you usually experience uripe

Grade of rectal intussusception

leakage related to coughing, sneez

or laughing? no RI 1 2 3 4 5 Total
Q17 NO OR MINOR Patient
SYMPTOMS number 38 1 8 3 12 2 64
% 59.49q 1.6% 12.59%9 4.79418.89%4¢ 3.19% 100.09
CLEAR Patient
SYMPTOMS number a4 0 12 6 4 1 67
% 65.79% .0% 17.99 9.094 6.099 1.594 100.09
Total Patient 82 1 20 9 16 3 131
number
% 62.69 .8% 15.39 6.99412.29% 2.39% 100.09

Pearsons Chi-Square p=0.19

Linear-By-Linear Association p=0.18
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Q17 Do you usually experience urine Rectal prolapse
leakage related to coughing, sneezing of
laughing? no prolapsq prolapsel Total
Q17 NO OR MINOR Patient
SYMPTOMS number 62 2 64
% 96.9% 3.199 100.09
CLEAR SYMPTOMS Patient 66 1 67
number
% 98.5% 1.594 100.09
Total Patient 124 3 131
number
% 97.7% 2.3%9 100.09

Pearsons Chi-square p=0.53

Q17 Do you usually experience urine leakage relaieq Enterocele
coughing, sneezing or laughing? enteroceld no enterocele| Total
Q17 NO OR MINOR Patient number 9 55 64
SYMPTOMS % 14.14 85.99  100.09
CLEAR SYMPTOMS Patient number 7 60| 67
% 10.4% 89.6%4  100.09
Total Patient number 16 115 134
% 12.2% 87.8%4  100.09
Pearsons Chi-square p=0.53
Q17 Do you usually experience urine leak Lateral rectocele
related to coughing, sneezing or laughing lateral no lateral
rectocele | rectocele Total
Q17 NO OR MINOR Patient 5 59 64
SYMPTOMS number
% 7.8% 92.29% 100.09
CLEAR SYMPTOMS rF]’S::]%netr 3 64 67
% 4.5% 95.59¢ 100.09
Total Patient 3 123 131
number
% 6.1% 93.99%9 100.09

Pearsons Chi-square p=0.43
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Q18 Do you usually experience small

PD

amounts of urine leakage (drops)? PD<1.5| PD>15| Total

T I R

% 82.99% 17.19 100.09

CLEAR SYMPTOMS Patient 46 14 60
number

% 76.79 23.3% 100.09

Total Patient 104 26 134
number

% 80.09 20.09% 100.09

Pearsons Chi-square p=0.38

Q18 Do you usually experience small Presence of rectocele
amounts of urine leakage (drops)? no rectoceld rectocelg Total
Q18 NO OR MINOR Patient 7 63 70
SYMPTOMS number
% 10.09¢ 90.09% 100.0¢9
CLEAR SYMPTOMS Patient 9 51 60
number
% 15.09¢ 85.09 100.09
Total Patient 16 114 130
number
% 12.3%4 87.79% 100.09

Pearsons Chi-square p=0.39

Q18 Do you usually experience small amoufts

Size of rectocele

of urine leakage (drops)? rectoceld
<2 rectocele2-4 Total

Q18 NO OR MINOR Patient numbsg 38 32 70
SYMPTOMS % 54.3% 45.79 100.09
CLEAR SYMPTOMS Patient numbg 43 17| 60
% 71.7% 28.39% 100.09
Total Patient numbsg 81 49 130
% 62.3% 37.79% 100.09

Pearsons Chi-square p=0.04*
Linear-By-Linear Association p=0.04*
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Q18 Do you usually experience small amouhts Rectal intussusception
of urine leakage (drops)? R No RI Total

Q18 NO OR MINOR Patient numbsg 23 45 68

SYMPTOMS % 33.8% 66.290 100.09

CLEAR SYMPTOMS Patient numbe 23 36 59

% 39.09¢ 61.09% 100.09

Total Patient numbg 46 81 127

% 36.2% 63.89¢ 100.09

Pearsons Chi-square p=0.55

Q18 Do you usually experience smdl

Grade of rectal intussusception

amounts of urine leakage (drops)? [ o R| 1 2 3 4 5 Total
Q18 NO OR MINOR Patient
SYMPTOMS  number 45 1 8 4 10 2 79
% 64.39 1.49% 11.499 5.794 14.3%4 2.99 100.09
CLEAR Patient
SYMPTOMS  number 36 0 12 5 6 1 60
% 60.099 .0% 20.09q 8.394 10.094 1.79%] 100.09
Total Patient 81 1 20 9 16 3 130
number
% 62.39% .8% 15.49% 6.994 12.39%4 2.3% 100.09

Pearsons Chi-Square p=0.62
Linear-By-Linear Association p=0.99

Q18 Do you usually experience small Rectal prolapse
amounts of urine leakage (drops)? no prolapsq prolapsd Total
Q18 NO OR MINOR Patient 68 5 70
SYMPTOMS number
% 97.1% 2.99% 100.09
CLEAR SYMPTOMS Ej:rlg:r 59 1 60
% 98.3% 1.79%4 100.09
Total Patient 127 3 134
number
% 97.7% 2.3%4 100.09

Pearsons Chi-square p=0.65
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Q18 Do you usually experience small Enterocele
amounts of urine leakage (drops)? enteroceld no enterocel{ Total
PP SvweTOMS | mumber 10 60 70
% 14.3% 85.7% 100.09
CLEAR SYMPTOMS Eﬁ:rlggr 7 53 60
% 11.7% 88.3% 100.0¢9
Total Patient 17 113 134
number
% 13.1% 86.99% 100.09
Pearsons Chi-square p=0.66
Q18 Do you usually experience small Lateral rectocele
amounts of urine leakage (drops)? lateral no lateral
rectocele | rectocele Total
Q18 NO OR MINOR Patient 5 68 70
SYMPTOMS number
% 2.9% 97.199 100.09
CLEAR SYMPTOMS Patient 5 55 60
number
% 8.3% 91.79% 100.09
Total Patient 7 123 130
number
% 5.4% 94.69% 100.09
Pearsons Chi-square p=0.17
Q19 Do you usually experience difficulty PD
emptying your bladder? PD<1. PD>1.5| Total
Q19 NO OR MINOR Patient numbe 77 17 94
SYMPTOMS % 81.99 18.19 100.09
CLEAR SYMPTOMS Patient numbs 29 9 38
% 76.39%0 23.79% 100.09
Total Patient numbsg 106 26 132
% 80.3% 19.7% 100.09

Pearsons Chi-square p=0.46
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Q19 Do you usually experience difficulty Presence of rectocele
emptying your bladder? no rectoceld rectoceld Total
Q19 NO OR MINOR Patient
SYMPTOMS number 9 85 9
% 9.694 90.4% 100.09
CLEAR SYMPTOMS Patient 7 31 39
number
% 18.4% 81.6% 100.09
Total Patient 16 116 139
number
% 12.19% 87.99% 100.0¢9

Pearsons Chi-square p=0.16

Q19 Do you usually experience difficulty

Size of rectocele

emptying your bladder? rectocele<]rectocele2-4 Total
T o o
% 58.5% 41.5% 100.09
CLEAR SYMPTOMS Patient o8 10 33
number
% 73.7% 26.3% 100.09
Total Patient 33 49 132
number
% 62.9% 37.19% 100.09

Pearsons Chi-square p=0.10
Linear-By-Linear Association p=0.10

Q19 Do you usually experience difficulty Rectal intussusception
emptying your bladder? RI | NoRI' | Total

Q19 NO OR MINOR Patient numbe 40 52 92

SYMPTOMS % 4359 56.5% 100.09

CLEAR SYMPTOMS Patient numbe 6 31 37

% 16.299 83.8%4 100.09

Total Patient numbg 46 83 129

% 35.79% 64.3% 100.09

Pearsons Chi-square p=0.00*
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Q19 Do you usually experience Grade of rectal intussusception
difficulty emptying your bladdeq 4 R 1 2 3 4 5 Total
Q19 NOOR Patient
MINOR number 52 1 16 8 15 2 94
SYMPTOMS o, 5539 1.194 17.04 8.5% 16.09 2.19100.09
CLEAR Patient
SYMPTOMS number 31 0 4 L L 1 38
% 81.6% .0% 10.59 2.694 2.6%9 2.6% 100.09
Total Patient 83 1 20 9 16 3 132
number
% 62.9% .8% 15.294 6.894 12.199 2.3%4 100.09

Pearsons Chi-Square p=0.09
Linear-By-Linear Association p=0.01*

Q19 Do you usually experience difficulty Rectal prolapse
emptying your bladder? no prolapsq prolapsel Total
Q19 NO OR MINOR Patient 92 5 94
SYMPTOMS number
% 97.9% 2.194 100.09
CLEAR SYMPTOMS Patient 37 1 39
number
% 97.4% 2.69% 100.09
Total Patient 129 3 139
number
% 97.7% 2.39% 100.09
Pearsons Chi-square p=0.86
Q19 Do you usually experience difficulty emptying Enterocele
your bladder? enteroceld no enteroceld Total
Q19 NO OR MINOR Patient numbe 8 86 94
SYMPTOMS % 8.5% 91.5%  100.09
CLEAR SYMPTOMS Patient numbe 9 29 38
% 23.7% 76.3% 100.09
Total Patient numbe 17 115 132
% 12.9% 87.1% 100.09

Pearsons Chi-square p=0.02*
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Q19 Do you usually experience difficulty

Lateral rectocele

rectocele rectocele Total
Q19 NO OR MINOR Patient

SYMPTOMS number 6 88 9

% 6.4% 93.699 100.09

CLEAR SYMPTOMS Patient 5 36 39
number

% 5.3% 94.79% 100.09

Total Patient 8 124 134
number

% 6.1% 93.99q 100.09

Pearsons Chi-square p=0.81
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