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I thank the Editors of Pelviperineology for this invitation to write an editorial as background to our Interim Report on a
new method for fistula surgery, which was first proposed in this journal in 2015.
The background is that despite the efforts of the Millenium Development Goals and recent advances in maternal health

across the world, far too many women are still dying in labour and many women are still getting injured.
The obstetric fistula is one of the most feared injuries and there are an estimated 2 million women across the world still wai-

ting for treatment.
There is a growing number of surgeons being trained and more women getting treated. But the surgery is not a guarantee of

cure. Fistula patients vary considerably in the type of injuries they sustain and what type of surgery is needed to reconstruct
the urinary tract, reproductive tract and gastrointestinal tract. Closing the defects is one thing and over 95% of women can ha-
ve their fistula closed at the first operation by a skilled surgeon. However, up to 55% of patients will still have ongoing incon-
tinence. This problem of ongoing incontinence has been underreported and even neglected. Many places just perform a dye
test and if it is negative the patients are recorded as cured, even if they are still leaking the same amount as before the opera-
tion. The harder you look for the problem, the more you will find. It is the author’s routine to examine all patients with a full
bladder, get them to cough, walk and for the more severe cases quantify the loss with a one hour pad test. Accurate diagnosis
is of critical importance. Those patients who remain wet become depressed, suicidal with little or no chance of having a normal
life. Many, very many, live out their lives as outcasts from family and home.
There have been several different operations described to tackle the problem. The general principles of urinary incontinence

in the west are not readily transferable as the pathology is different. The patients with ongoing incontinence invariably have
had some damage of their urethra during the fistula formation, sometimes the whole urethra along with half the bladder has
been destroyed along with the vagina and despite complex reconstructive surgery, they are still wet.
Some have tried tape slings, but with poor results and high erosion rates. Nearly all hospitals performing fistula surgery can-

not afford synthetic slings anyway. Autologous slings, muscle or fascia are cheap and so are used more widely, but it is not the
answer. For the most severe cases the cure rate is a pitiful 26%.
Our introduction of a skin flap to restore vaginal elasticity has shown a big jump in the success rates in women that would

have been labeled as having an extremely poor prognosis or even inoperable. We could expect even greater outcomes in all
patients with vaginal tissue loss.

This Interim Report is the endpoint of a classic scientific journey. Guided by the Integral Theory, an analysis was made of
the pathogenesis; a hypothesis was formed, that the problem was scar-induced loss of vaginal elasticity. From this evolved tre-
atment, application of a skin graft to improve tissue elasticity. This was tested in a small pilot study. Then the skin graft method
was applied to the worst affected cases, the basis of our Interim Report. In summary, this technique marks the most exciting
advancement in fistula surgery for many years and many thousands of impoverished women stand to benefit.

ANDREW BROWNING 
Director Maternity Africa, Arusha, Tanzania

andrew_browning@hotmail.com 

Editorial

Towards a solution for obstetric fistula problems
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INTRODUCTION
This is the second of four related papers seeking to criti-

cally analyze the Integral Theory System and aims to intro-
duce the TFS system of ligament repair.
The Integral Theory1, states that pelvic organ prolapse,

bladder and bowel dysfunction and some types of pelvic
pain, mainly derive, for different reasons, from laxity in the
vagina or its supporting ligaments, as a result of altered col-
lagen/elastin.
Surgery with the TFS tool has a simple basis: it shortens

and reinforces damage in the 5 suspensory ligaments using
the TVT neo-ligament principle first applied in 19901. The
same surgical methods apply for major prolapse or signifi-
cant symptoms with minimal prolapse.
Basic surgical principles
1. Ligaments provide suspensory strength2. They must be

shortened and reinforced, preferably with a precisely loca-
ted tape. This method is sufficient to restore all prolapses,
apical, cystocoele, rectocoele and to restore the contractile
force3 of the pelvic muscles which control bladder and bo-
wel function. Gordon’s Law states that a striated muscle
contracts efficiently over a small distance. Elongation of its
insertion point also elongates the muscle and the muscle
force decreases exponentially.
2. The uterus and vagina are conserved. The vagina has

little structural strength2. Excision of vagina will shorten or
narrow it and decrease its quantity of collagen and elastici-
ty. The uterus functions like the keystone of an arch. All the
suspensory ligaments directly or indirectly connect to the
uterus. Hysterectomy, by division of the uterosacral and
cardinal ligaments weakens the ligamentous insertions and
predisposes to collapse of the vaginal walls as the patient
ages. The effect of hysterectomy on structure and function
becomes evident as collagen atrophies with age, especially
after the menopause.
Which ligament to repair?
The surgery is guided by the diagnostic algorithm, Figure

1.

Review

A review of the Integral Theory of Pelvic Organ Prolapse and
proposed concept of repair: part 2 – the TFS ligament repair
DARREN M GOLD1, DAVID ENDE2

1 Colorectal Surgeon, Senior Lecturer in Surgery, St Vincent's Clinical School, UNSW, Sydney, Australia
2 Urologist, St Vincent’s Clinic, Senior Lecturer, Notre Dame Medical School, Sydney, Australia

Abstract: Aim: To demonstrate how TFS site specific repair of the 4 main damaged ligaments (Part 1) restores the anatomy of patients’ with
cystocoele, uterine/apical prolapse and high, mid and low rectocoele. Surgery: The surgery is based on the TVT neo-ligament principle, shor-
tening and reinforcing the ligaments: arcus tendineus fascia pelvis (ATFP ) and cardinal (CL) to cure cystocoele; CL and uterosacral (USL)
to cure uterine/apical prolapse; USL and perineal body (PB) to cure rectocoele; PUL to cure urinary stress incontinence. There is no vaginal
excision. Which ligament to repair is guided by the Pictorial Diagnostic Algorithm, which uses symptoms to identify which ligaments are da-
maged. Results: The application of TFS for repair of only 4 ligaments has been found to be sufficient for repair of all three prolapses, cysto-
coele, uterine/apical and rectocoele. The 5th ligament, PUL, is essential for repair of urinary stress incontinence. There seems to be minimal
recurrence of the prolapses in the longer term. Data from patients having total repair (all prolapses) indicates there is only a minimal fall in
cure rate, from 92% at 12 months to 84% at 48 months. Conclusions: Suturing damaged tissue to damaged tissue creates scar tissue and more
damaged tissue. With reference to the suspension bridge analogy, if the tensioning cables (ligaments) have collagenous damage, the collagen
must be strengthened by tissue reaction from precisely implanted tapes. The one-way system at the base of the anchors allows the tapes to
both shorten and reinforce the damaged ligaments, thus restoring anatomy and function: the directional muscle forces require a firm insertion
point (ligament) to contract efficiently, according to Gordon’s Law.

Keywords: ATFP; Cardinal ligament; Uterosacral ligament; Perineal body; Pubourethral ligament; TFS surgery.

Figure 1. – Pictorial algorithm for diagnosis of pelvic organ pro-
lapse. Symptoms indicate which ligaments cause a particular pro-
lapse and which symptoms are associated with damage in particu-
lar ligaments.

Symptoms indicate which ligaments cause a particular
prolapse and which symptoms are associated with damage
in particular ligaments. The aim of the repair is to shorten
and strengthen the ligament.

3-A review integral.qxp_treatment  27/03/17  09:29  Pagina 3
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anal tubes (due to the ability of the rectum to contract inde-
pendently) are also exponentially determined by the intra-
urethral resistance of the tube: only a small change in ra-
dius may cause the patient to leak or be unable to evacuate.
Because the organ function is subject to such exponentially
controlled mechanisms, symptom control has very fine to-
lerances. Therefore any shortening and strengthening of a
damaged ligament with a tape must be precise if a high rate
of symptom cure is to be achieved.
How does the TFS adjust the tape to the correct
length? 
When the ligaments are loose, the striated muscles len-

gthen. As the tape is tightened, it removes the looseness in
the ligament to the point where the striated muscle contrac-
tile force returns. The surgeon feels an increasing resistance
to the tightening. At this point the tightening must stop the-
re otherwise the anchor will pull out of the tissues. Each an-
chor has a pull out strength of 2.5 to 3kg.
How the TFS binds the organs to hiatus and
skeleton. 
The TFS tapes are inserted into the pubourethral, ATFP,

cardinal (CL), uterosacral (USL), perineal body ligaments,
Figure 2. The tapes create collagenous neoligaments which
bind vagina, bladder, rectum to the hiatal muscles en route
to the skeleton. The tapes limit the ‘ballooning’ of the hia-
tus so frequently seen in POP.
The feasibility of Total POP repair
The minimally invasive nature of the TFS allows all pro-

lapses to be repaired at the same time. Essentially the same
surgical technique is used to repair all 5 ligaments, PUL,
ATFP, CL, USL, PB. The TFS sling is applied variously in
up to 5 sites, Figure 2, depending on which ligaments are
deemed to be damaged. The tape is applied into the body of
the ligament, or directly adjacent to it. The tape creates a
collagenous tissue reaction which strengthens the natural li-
gament1.
Indicative structural results* for Total POP repair by
TFS.
Inoue4, performed total repair for POP, cystocoele, uteri-

ne/apical prolapse and rectocoele, repairing all 5 ligaments
as required. At 12 months, he reported 92.1% anatomical
cure for all prolapses (n=278) p <0.001 falling to 84% at 48
months (n=50). Tape rejections for Cardinal, USL, ATFP,
PUL were 1.1%. Sekiguchi et al.5 reported 90% cure rate
with total ligament repair (n=62) at 12 months with <3%
erosion rates. Table 1.
* Any protrusion from any compartment, 2nd degree

POPQ or beyond, was considered an anatomical failure.

Figure 2. – TFS repair of 5 supporting ligaments - standing view.
The tapes attach the organs transversely to the skeleton. The ante-
rior vaginal wall is supported by ATFP and CL. The uterus is held
up like the apex of a tent by USL and CL. The posterior vaginal
wall is supported by USL cranially and PB distally.
Insert The TFS tool for creation of artificial collagenous  neoliga-
ments. The TFS consists of an applicator, a non-stretch macropore
tape attached to two soft tissue anchors with a one-way adjustable
mechanism for the tape which passes through the base.

The TFS tools 
The TFS consists of an applicator, a non-stretch tape at-

tached to two soft tissue anchors with a one-way adjustable
mechanism for the tape which passes through the base. The
tape is 7.5mm wide. It is a lightweight, non-stretch, indivi-
dually knitted type I, lightweight, macropore, monofila-
ment polypropylene mesh tape, Figure 2. At the base of the
anchor is a system which allows one-way directional ten-
sioning of the tape.
The anatomical fundamentals of how the TFS tools are

applied are basically the same for each of the 5 ligaments.
The vagina is incised. Bladder, rectum and enterocoele are
dissected to access the ligaments as required. The ligament
is identified. A tunnel is made through the ligament with
Metzenbaum scissors, or similar. The applicator is inserted
into the tunnel to the required length. The anchor is deplo-
yed. The operation is repeated on the contralateral side and
the tape is adjusted until tape looseness is removed and a
resistance is felt. This resistance indicates a reciprocal re-
turn of muscle tone in the muscles which act on that liga-
ment. The tape is cut and the vagina is closed.
How the TFS works
The TFS shortens and strengthens all 5 ligament structu-

res, Figure 2. The TFS has minimal contact with the vagi-
nal wall as it is applied transversely. Unlike large mesh she-
ets applied to the vaginal wall, the tapes do not inhibit the
forward and backward movements of the muscle forces
which are essential for opening, closure and tensioning of
the bladder and rectum.

Why is an adjustable tape necessary? 
The ligaments against which the pelvic muscles contract

need to be of a specific length for the muscles to contract
efficiently against them, as the contractile force of a striated
muscle falls off exponentially if its insertion point is loose3.
Closure and opening of the urethral and to a lesser extent

Variable Value Range
Mean operation time (min) 96.2 39-190
Mean estimated blood loss (ml) 75.1 7-280
Hospitalization after operation 0.7 0-7
Same day (38%)
Mean days, Return to usual life 2.2 1-30
Mean tape per patient 3.5 1-5
Prolapse cure                  92.1% (n=278) <0.001 falling to 84%

at 48 months (n=50)

TABLE 1. Operative details CL/USL surgery 12 month data-1036
tapes in 278 patients, Inoue (4)

3-A review integral.qxp_treatment  27/03/17  09:29  Pagina 4
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A review of the Integral Theory of Pelvic Organ Prolapse and proposed concept of repair: part 2 – the TFS ligament repair.

TFS cystocoele repair

Surgical anatomy and preliminaries
Which operation, ATFP or cardinal? Correct diagnosis of

which ligaments are damaged is an essential precondition
for repair. The major cause of cystocoele is dislocation of
the anterior vaginal wall (PCF) and cardinal ligament from
the anterior cervical ring attachment, (‘transverse defect’ or
‘high cystocoele’)‘3’, Figure 3. Generally, vaginal rugae
are present with such tears.
Dislocation from cervix.
The vagina prolapses downwards lateral to the cervix

‘CX’, usually on both sides, Figure 4. The presence of ru-
gae indicates it is a pure CL dislocation. In patients with
prior hysterectomy, the ligaments prolapse lateral to the hy-
sterectomy scar. The CL TFS operation, Figure 5, is suffi-
cient to restore even major cystocoeles. If the distal vagina
continues to bulge after the CL TFS operation, the ATFP
TFS (‘U-Sling’) is performed, Figure 5.

TFS cardinal ligament operation (Figure 5)
This tape ‘re-glues’ PCF to cervix and re-suspends the

cervix and ATFP (if dislocated from the spine) to the pelvic
side wall.
Even with lateral/ central defects, the cardinal ligament is

always repaired first. Under tension, a transverse incision is
made at the vesico-cervical junction, usually 1-1.5 cm abo-
ve the cervix or hysterectomy scar. Under tension, the blad-
der is dissected off the cervix or hysterectomy scar taking
care to dissect it laterally off the vagina to the pelvic side
wall. This is to protect against perforation during the appli-
cation of the tape. Using a gently curved Mayo scissors,

Figure 3. – Potential sites of anterior vagina damage. Schematic
2D view from below. Perspective: looking into the anterior wall of
the vagina. 1. Midline defect (central part of PCF) caused by over-
stretching of vagina.
1. Central defect: overstretching of vagina usually part of defect 2.
2. Paravaginal or lateral defect: dislocation or stretching of the col-
lagenous ‘glue’ attachment to ATFP.
3. High cystocoele or transverse defect is the most common cause
of cystocoele, 80% in my estimate.PCausation: dislocation of PCF
attachment to the anterior cervical ring and cardinal ligament.
Dislocation of the ATFP from its attachment to the ischial spines
(IS) is usually seen; there is an associated shallow sulcus and dow-
nward rotation of the proximal vaginal wall on straining.

Figure 4. – The cardinal ligament (CL) extends anteriorly to fuse
with the cervical ring (r) and the pubocervical fascia (PCF) of va-
gina. A break in CL and PCF attachments to the cervical ring du-
ring labour ring may cause the anterior vaginal wall to rotate dow-
nwards like a trapdoor to form a ‘high cystocoele’ or ‘transverse
defect’. In this situation, the cardinal ligaments also prolapse dow-
nwards lateral to the cervix to form the characteristic prolapse
(‘drooping’) of vagina lateral to the cervix or hysterectomy scar.

Figure 5. – Cardinal ligament and ATFP USL and PB TFS opera-
tions. Schematic view 3D view, patient in standing position. The
tapes support the vagina in the manner of ceiling joists supporting
a ceiling plaster board.
Anterior vaginal wall The (horizontal) cardinal (CL) tapes attach
the proximal half of the anterior vaginal wall to the skeleton, re-
create the cervical ring and re-attach a detached anterior vaginal
wall to the cervical ring. The distal tape (TFS U-sling) reinforces
the existing ATFP structure. It provides structural support to the
distal half of the vagina, supports the central defect and re-attaches
a dislocated PCM to the symphysis.
Apex The cardinal TFS tape re-attaches the dislocated CLs 2cm
above and forward of the ischial spine. This automatically re-atta-
ches an ATFP torn from the ischial spine (IS) to the side wall. The
tape reglues the dislocated PCF attachments to the cervical ring.
The USL tape shortens and reinforces elongated or damaged USLs
and “reglues” the USL ligaments to cervix posteriorly.
Posterior vaginal wall The posterior vaginal wall is re-attached
cranially by the TFS USL operation and distally by the TFS PB
(perineal body) operation.

with tips always pressed towards the vaginal mucosa, a
channel is made to the side wall. A finger is inserted to fur-
ther define the channel. The TFS applicator is inserted into
the channel until the fascia is perforated at the side wall.
The anchor is released, tugged laterally to embed the
prongs, then checked to ensure it has gripped. The procedu-
re is repeated on the contralateral side. The tape is now ti-
ghtened until a resistance is felt, an indication that recipro-
cal muscle activity has returned. The vagina is sutured. No

3-A review integral.qxp_treatment  27/03/17  09:29  Pagina 5
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attempt is made to excise any vaginal mucosa however lax
it may appear.
Cystoscopy is performed at the end, taking care to obser-

ve ureteric function.

TFS ATFP repair, U-Sling operation (Figure 5)
In the 20% of patients where a bulging persists after CL

TFS surgery, the TFS ATFP (U-Sling) operation is perfor-
med.
The ATFP tapes support the vagina in the manner of cei-

ling joists supporting a ceiling plaster board (vagina). Like
a ceiling plaster board, a damaged vagina has little structu-
ral strength. The U-Sling pulls the distal vagina forwards to
re-attach it to the origin of ATFP at the symphysis. Because
the pubococcygeus muscle inserts into the distal vagina, it,
too, is re-attached to the symphysis.
A separate full thickness vertical incision about 5 cm long

is made, beginning 1cm behind the bladder neck. The blad-
der is dissected off the vagina as per a standard native tissue
repair sufficiently to create a channel for the tape. A channel
is made with dissecting scissors behind the descending ra-
mus, ascending towards the insertion of ATFP at the pubic
bone. The applicator is inserted into the channel, the anchor
released and checked for grip. This procedure is repeated on
the contralateral side and the tape is tightened until a resi-
stance is felt. The vagina is sutured. No attempt is made to
excise any vaginal mucosa however lax it may appear.
Cystoscopy is performed at the end, taking care to obser-

ve ureteric function.

TFS Uterosacral ligament (USL) operation (Figure 5)

Surgical anatomy and preliminaries
The uterosacral and cardinal ligaments are related. It is

evident that with any degree of uterine or apical prolapse,
the cardinal ligaments are also elongated, so they should al-
ways be repaired at the same time as the USL. In the stan-
ding position, the USL is some 3cm higher than the sacro-
spinous ligament. The TFS uterosacral ligament (USL) ope-
ration is therefore more anatomically accurate than insertion
in the sacrospinous ligament and will result in a longer va-
gina. Furthermore, it does not cause any unilateral deviation
of the vagina maintaining a normal anatomical axis.
The CL/US Ligament complex is the insertion point of

the LP/LMA muscle vectors: accurate tightening is critical
for relief of posterior zone symptoms, Figure 1. The USL’s
attach to the lateral wall of rectum. A lax USL will predi-
spose to intussusception and with straining produce anal
mucosal prolapse and haemorrhoids. If the USL tape is too
loose, the result of the procedure for all posterior zone sym-
ptoms, Figure 1, will be suboptimal.
TFS Surgery for USL repair
Under tension, a full thickness transverse incision 5cm

wide is made approximately 3-4 cm below the cervix or hy-
sterectomy scar. If the prolapse is 3rd or 4th degree, the inci-
sion is made 1-2cm below the cervix, as the tape will need
to shorten a longer length of USL. Any enterocoele is dis-
sected to allow access to the USLs. The vagina is stretched
to tension the USLs so they can be more easily located.
Look for them at 2 and 10 o’clock. These are grasped with
Moynihan/Littlewood forceps. The direction of the USL’s
is determined an important aspect for creation of the tunnel
and tape insertion. A small bleb of local anesthetic is injec-
ted into the ligament to enlarge it. A vertical incision is ma-
de in the superior border of the USL. Still under tension, a

fine Metzenbaum scissors or similar, is inserted into USL to
create a tunnel for the TFS which extends to 1cm short of
the sacrum. Direct palpation of the ligament (rectally or va-
ginally) during this manoeuvre can be helpful. The proce-
dure is repeated on the contralateral side. Traction on the
vaginal apex is relaxed by removal of the forceps to allow
shortening and the tape is tightened and checked to ensure
the anchor has gripped. The vagina is closed.
For apical prolapse Petros at al. reported symptomatic

cure by 30 patients (86%), and improvement in two (6%).
Three patients were classified as failures. There were two
tape rejections, one associated with operative failure. The
cure/improvement rate in the examination group was 87%7.

TFS surgery for perineal body (PB)

Surgical anatomy and preliminaries
There are two perineal bodies connected by a central ten-

don. The PBs are attached behind the descending ramus at
the junction of the upper 2/3 and lower 1/3, Figure 3, by the
deep transversus perinei ‘muscle’ (DTP) * (Figures 6a, 6b).
During childbirth, the tendon is stretched and the two PBs
are displaced laterally, allowing protrusion of a rectocoele.
Diagnosis of laterally separated perineal bodies can only be
made definitively by rectal examination.
* The DTP is whitish in colour and except for the presen-

ce of some striated muscle fibres, it has the classical histo-
logical appearance of a ligament, collagen, smooth muscle,
elastin, nerves, blood vessels.
Surgical principle: For a correct anatomical restoration,

the perineal bodies need to be re-attached to the posterior
surface of the descending pubic ramus, at the junction of
the upper 2/3 and lower 1/3 by penetration of the deep tran-
sversus perinei ligament by the TFS tape. The model in fi-
gures 6a, 6b represent TFS repair of the descending perine-
al syndrome. It shows how the TFS shortens, reinforces,
elevates and centrally restores loose, elongated, laterally di-
splaced ligaments, in this instance, perineal bodies. The de-
ep transversus perinei ligaments attach the perineal bodies
to the descending ramus.
Indications for PB repair: Rectocoele with assisted defe-

cation, descending perineal syndrome, anterior rectal wall
intussusception, obstructed defaecation, faecal incontinen-
ce. The perineal body functions as a unit with the uterosa-
cral/cardinal ligaments. It is therefore standard practice to
repair USLs at the same time as PB repair.
Surgery
Under tension, a posterior vaginal transverse incision

5cm wide is made just behind the hymen. The vagina is dis-
sected off the rectum and the laterally displaced PBs are
identified. The PB is whitish in appearance. On stretching,
it is important to confirm that it inserts into the descending
ramus*. Using a strong curved needle on a No1 vicryl sutu-
re, the PB is ‘dug out”: the needle is placed into the PB and
it is lifted up and grasped with a strong forceps. Using
Metzenbaum scissors, a tunnel is made into each PB,
through the deep transversus perineus, penetrating its inser-
tion to just behind the descending ramus. The scissors ne-
eds to be horizontal. Any downward angulation may injure
the pudendal nerve as it exits Alcock’s Canal. The applica-
tor is inserted, the anchor is released, checked and the pro-
cedure is repeated on the contralateral side, stopping when
a resistance is felt. The incision is closed.
The pubococcygeus is situated close by the DTP. It is a

deep red colour. On pulling it can be confirmed that it in-
serts just behind the inferior border of the pubic bone.
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TFS PB operation for descending perineal syndrome
(Figure 6)

Results of TFS PB surgery for descending perineal
syndrome
Thirty patients with 3rd degree rectocoele, symptoms of

obstructive defecation and manually assisted defecation un-
derwent TFS USL and TFS PB surgery. At 12 months fol-
low-up, cure of symptoms of manually assisted defecation
and prolapse was achieved in 27 patients (90%) of pa-
tients8.

TFS repair of pubourethral ligaments

Surgical anatomy and preliminaries
There may not be significant distal vaginal prolapse with

PUL laxity. The main symptom is urinary stress incontinen-
ce, (USI), but also, urgency when associated with USI and
fecal incontinence when associated with USI. A midure-
thral sling is applied to shorten and reinforce damaged pu-
bourethral ligaments. The technique is retropubic. Like the
TVT, the TFS creates a neoligament in the exact position of
the pubourethral ligament.
TFS Surgery for repair of PUL
The first part of the TFS mid-urethral sling is almost

identical to that of the TVT
Under tension, a full thickness incision approximately

2cm long is made between mid-urethra to within 0.5cm of
the external meatus. Under tension, pointing towards ipsila-
teral shoulder, dissecting scissors create a tunnel until a re-
sistance is encountered, the perineal membrane. The scis-
sors is guarded with a forefinger, and a 1.5-2cm perforation
is made. The applicator is guarded, inserted, the anchor re-
leased and checked for grip. The procedure is repeated on
the contralateral side. A No. 8 Hegar dilator is inserted into
the urethra during tightening of the tape to prevent urethral
constriction by the tape. The tape is then tightened until a
resistance is felt. The bladder is filled and cystoscopy per-
formed to ensure there is no perforation of the bladder. If
urine continues to leak after removal of the cystoscope, it
indicates that the tape is too loose. The Hegar is inserted
and the tape is tightened. The tape should never be tighte-
ned without a Hegar in the urethra.

Repair of distal closure mechanism*
The hammock/external urethral ligament (EUL) are now

repaired. With a Foley No. 18 catheter in-situ, a conti-
nuous suture is inserted: first into one EUL, fascial layer of
the vaginal hammock, first on one side, then the other and
the suture ends by insertion into the contralateral EUL.
The suture is gently tightened over a No. 18 Foley cathe-
ter. The vaginal epithelium is now closed with interrupted
sutures.

* The external urethral ligament attaches the external
meatus to the anterior surface of the pubic bone. The vagi-
nal ‘hammock’ is densely adherent to the distal half of the
urethra and therefore to PUL. Laterally it is attached to the
forward vectors pubococcygeus muscle, (‘pubovaginalis’).
Rationale for EUL and distal vaginal repair- the
urethral sealing mechanism.
The main function of the distal mechanism (hammock

and EUL) is sealing of the urethral mucosa rather than clo-
sure during effort. The vagina is pulled forwards towards
the bone by the anterior portion of pubococcygeus muscle
pulling against the external urethral ligament (EUL) and
the pubourethral ligament (PUL). Laxity in EUL, PUL or
vagina may invalidate the closure force by the muscle.
Symptoms are insensible urine loss, often accompanied by
“a feeling of a bubble of air escaping”.
Results -TFS repair of PUL
Using a local anesthetic technique, Sekiguchi et al.9 re-

ported 91% cure of USI including the 40% of patients who
had ISD. Petros et al reported 80% cure at 3 years, plus
another 6.5% with a > 70% improvement10. In a 5 year
RCT, Sivaslioglu11 reported 89% cure for TFS and 78% for
TOT. Urinary retention (n=2/40), groin pain (n=12/40) and
mesh extrusion (n=1/40) were noted in the TOT group, but
not in the TFS group. In the TFS group there was no urina-
ry retention or significant postoperative pain. There was
one anchor displacement (left side) in 1 patient. The an-
chor was removed. The patient remained continent.

CONCLUSIONS
Suturing damaged tissue to damaged tissue equates to

more damaged tissue. Damaged ligaments have to be rein-
forced with precisely placed tapes. The one-way system at
the base of the anchors allows the tapes to both shorten and
reinforce the damaged ligaments, thereby restoring anato-
my and function: the directional muscle forces require a
firm insertion point (ligament) to contract efficiently
(Gordon’s Law). The neo-ligaments created appear to have
longevity. Four year data in patients having total repair (all
prolapses) shows mild deterioration with the TFS for POP,
from 92% cure rate at 12 months to 84% at 48 months.
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INTRODUCTION
In 2015 we published a hypothesis1 which originated

from preliminary studies at the Addis Ababa Fistula
Hospital (AAFH) where the “Tethered Vagina Syndrome”
concepts from the Integral Theory of Female Urinary
Incontinence2 were applied to the problem of post vesicov-
aginal fistula repair incontinence. Our hypothesis stated
that a major cause of post fistula repair incontinence is nei-
ther a loose pubourethral ligament nor an overactive blad-
der. Rather, it is tissue necrosis consequent upon obstructed
labour which leads to scarring in the bladder neck area of
the vagina. This “tethers” the stronger posterior vectors to
the weaker forward vectors, figures 1 & 2, overcoming
them, so that the urethra is opened out instead of being
closed on effort and, in severe cases, at rest. In the normal
continent patient, Figure 1, PCM vector (m.pubococ-
cygeus) stretches the distal vagina forwards against the
pubourethral ligament (PUL) to close the distal urethra.
The backward/downward vectors, levator plate (LP) and
conjoint longitudinal muscle of the anus (LMA), stretch
and rotate the proximal urethra backwards and downwards
around PUL to close the bladder neck. Adequate elasticity
in the bladder neck area of vagina, “zone of critical elastic-
ity” (ZCE) (Figure 1) is required for this to occur. With sig-
nificant scarring at ZCE, the vector forces (backward ar-
rows, Figure 2) are directly transmitted via the scar to over-
come the weaker forward PCM vectors. In consequence,
the posterior urethral wall is forcibly pulled open, resulting
in a sudden rush of urine typically on straining or getting
up off a chair. With coughing, there may be little or no
urine loss, as there may be just sufficient elasticity for the
rapid opposite motion of the fast twitch fibres. This ex-
plains why post VVF incontinence patients often leak when
downward pressure is exerted with a speculum in the vagi-
na. This action removes any remaining elasticity in ZCE. In

women, such as many of those from AAFH who wet con-
stantly, the tethering effect may be sufficiently severe as to
keep the urethra in a constantly ‘open’ position even at rest,
so leakage is continuous.

Management and surgical methodology according to
the hypothesis

In the Hypothesis1 we stated, “It is our belief that the fo-
cus of treatment for post-fistula incontinence should, above
all, be on prevention: ensuring that there is adequate elas-
ticity in the bladder neck area of the vagina during the pri-
mary fistula repair. In this endeavor, only a single princi-
ple should be observed: if, after dissection, there is a natu-
ral gap between the two walls of vagina, the tissues should
not be forcibly closed. Rather, a skin graft should be ap-
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Abstract: Background: There are 2 million women who suffer from vesicovaginal fistula (VVF), and more than 130 000 new cases develop
each year in Africa alone. Though the cure rate for the VVF itself is more than 90%, up to 45% of patients continue to leak heavily after suc-
cessful VVF closure. Aim: To present an interim report of the testing of a hypothesis which states that the major cause of post fistula repair
incontinence is tissue necrosis consequent upon obstructed labour which leads to scarring in the bladder neck area of the vagina and invali-
dation of the closure mechanisms. Methods: The hypothesis was tested by application of a skin-on Singapore graft to the bladder neck area
of the vagina, both prophylactically and in patients with ongoing incontinence following successful VVF repair surgery. Results: The flap has
been used in 24 cases with severe day/night ongoing incontinence after fistula closure. Some cases had been operated on 9 times before and
deemed incurable. After dissection and releasing of the tethered anterior vagina on average there was a 2cm gap created in the anterior vaginal
wall that needed to be covered. With urethralisation, sling and the flap 71% of cases were completely dry and 29% improved, often satisfied
with their improvement or dry using a urethral plug. The average standard ICS one hour pad test on these patients was 224ml in one hour be-
fore the operation and 29ml afterwards with a range of 0-176ml. The same method of urethralisation and sling without the flap yielded a 26%
dry rate on the most severe cases of ongoing incontinence with multiple previously failed procedures. Using the graft as a primary repair
(n=41), for Goh type 4, 46% with the flap were completely dry as against 19% without. Conclusions: The skin flaps restore the closure mech-
anisms and continence as hypothesized. We believe the initial results from the graft technique are sufficiently convincing to announce this as
a significant advance in fistula surgery. Nevertheless, more data is being assembled to complete a statistically valid comparative analysis of
the new methods with the old.

Key words: Vesicovaginal fistula; Post-fistula repair incontinence; Singapore graft; Tethered vagina syndrome.

Figure 1. – Normal urethral closure in the female during coughing
or straining. PCM = m.pubococcygeus; LP= levator plate; LMA=
conjoint longitudinal muscle of the anus; PUL=pubourethral liga-
ment. ZCE (zone of critical elasticity) allows separate action of
forward and backward vectors.
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plied to cover the gap. Ideally, the graft should come with
its own blood supply. A skin-on graft, e.g. Singapore graft
(Figure 3), needs to be applied to the bladder neck area of
the vagina (ZCE), as this is the only way to restore the
elasticity required in this area for independent function of
the opposite vector forces.”

Interim Report
Positive results from initial testing of the hypothesis were

reported as a postscript1. 
The aim of this report is to present further data. The sur-

gical principles as set out in the hypothesis were followed
by the first author (AB), who performed all the surgery.
Because application of the graft also loosens the PUL, the
middle part of the urethra was surgically reinforced at the
same time as application of the graft. 

The first author (AB) now has a series ofI I 41 patients
where the Singapore flap was used at the time of primary
fistula repair. The worse type of fistula with regards to be-
ing completely continent after repair is the Goh type 4,
meaning nearly all the urethra has been destroyed in the
long labour. With the basic principles of maintaining the
urethral length and sling with no flap, the more severe type
4 (more scarring, larger, repeat and or circumferential de-
fects), only 19% were completely dry. With the basic prin-
ciples plus the Singapore flap 46% were completely dry.

For Goh Type 3 fistula, without the flap 46% were dry,
with the flap 87% are completely dry.

The flap has been used in 24 cases with severe ongoing
incontinence after fistula closure. Some cases had been op-
erated on 9 times before and deemed incurable. After dis-
section and releasing of the tethered anterior vagina on av-
erage there was a 2cm gap created in the anterior vaginal
wall that needed to be covered. With urethralisation, sling
and the flap, 71% of cases were completely dry and 29%
improved, often satisfied with their improvement or dry us-
ing a urethral plug. The average standard ICS one hour pad
test on these patients was 224ml in one hour before the op-
eration and 29ml afterwards with a range of 0-176ml.

The same method of urethralisation and sling without the
flap yielded a 26% dry rate on the most severe cases of on-
going incontinence with multiple previously failed proce-
dures.

DISCUSSION 
It was found that insertion of a skin graft either prophy-

lactically in primary procedures or therapeutically in suc-
cessful VVF repairs which continue to leak, gave far higher
cure rates than previous practice. These results seem to sup-
port the hypothesis that adequate elasticity is required in
the bladder neck area of the vagina to facilitate the 3 direc-
tional forces which were demonstrated to activate the prox-
imal and distal urethral closure mechanisms, figs 1&22. The
key surgical principle followed for placement of the graft
was that if, after dissection of the scar tissue, the two edges
of the vagina did not naturally approximate, without ten-
sion, a graft was required. 

This study provides the ultimate test for the Integral
Theory2, as it tests key predictions of the Theory as to what
is required for normal urethral closure: 3 directional vector
forces; competent ligaments against which the 3 vector
forces contract; sufficient elasticity in the mid-part of the
anterior vaginal wall ‘ZCE’ to allow the separate function
of the 3 directional forces. 

CONCLUSIONS
The skin flaps restore the closure mechanisms and con-

tinence as hypothesized. We believe the initial results from
the graft technique are sufficiently convincing to announce
this as a significant advance in fistula surgery.
Nevertheless, more data is being assembled to complete a
statistically valid comparative analysis of the new methods
with the old.
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Figure 2. – Mechanism of scar induced incontinence. During ef-
fort, LP/LMA vectors overcome the weaker PCM vector (weak-
ness indicated by broken lines) to open out the urethra as per mic-
turition.

Figure 3. – Augmentation of ZCE with a skin-on Singapore Graft
restores independent movement of the vector forces. The Sin -
gapore Graft is taken lateral to the labium majus. Ureteric (white)
and urethral (yellow) catheters are seen in situ.  
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The risks of reproduction are borne exclusively by females, who face the hazards of childbirth that arise from the “human ob-
stetrical dilemma:” a narrow “hourglass” pelvis whose size and shape are constrained by the requirements of upright bipedal lo-
comotion together with big babies who develop big brains as a result of our species’ progressive encephalization1. These con-
flicting evolutionary forces mean that humans are predisposed to obstructed labor. When that obstruction is not relieved by time-
ly intervention (assisted delivery, often by cesarean section), the consequences can be catastrophic. Large areas of soft tissue
which line the boney pelvis may be injured or destroyed by pressure necrosis from the prolonged impaction of the fetal head,
and the fistulas that result are often breathtaking in size and complexity. As a result, rarely are the tissues around an obstetric
fistula completely healthy. Although the neighboring tissues are still living, often they have been severely injured, losing both
vitality and elasticity. Sometimes the fistula is so deeply embedded in dense scar tissue that extensive dissection is needed even
to locate the opening prior to any consideration of repair.

The “continence gap” that persists in patients whose fistulas have been closed successfully but who remain incontinent
(transurethrally) after surgery has been a persistent puzzle2. For a long time this post-fistula incontinence was thought to be
stress incontinence from severe urethral damage (so-called “Type III” stress incontinence), but urodynamic studies have demon-
strated multiple intermingled pathophysiological processes in these patients3. Whatever it is, it is clearly not “simple” stress in-
continence, but exactly how to describe it, how it originates, and (most importantly) how it should be treated, have all been elu-
sive.

In this issue, Browning, Williams and Petros advance an idea – supported by intriguing preliminary clinical data – to suggest
that one of the main culprits in the “continence gap” is tethering of the vagina occasioned by the scarring produced by the pres-
sure effects of obstructed labor. Those familiar with the barely-mobile anterior vagina that may be found in many fistula patients
will understand the underlying logic of their argument. The same phenomenon of vaginal tethering may explain the profound
stress incontinence that develops in some women with post-hysterectomy vaginal vault prolapse, who, although continent before
surgery, may develop debilitating stress incontinence after undergoing sacral-colpopexy. The pathphysiology that produces urine
leakage in these cases presumably is also “tethering” of the anterior vaginal wall through excessive suspensory tension which
alters the dynamics of the urethral closing mechanism in a similar way as that proposed here. In this case the incontinence is not
“unmasked” by reduction of the prolapse; rather, it is created by altering the normal physiologic mechanisms of urethral closure.
Further clinical research to verify this hypothesis is greatly to be desired.
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