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During the Kelly1 and White2 era the only building blocks available to the surgeon were the tissues in front of him. Transfer of
tissues from distant sites in the body - or from external sites - only became available late in the 20th century. These were called
upon when the primary tissue was judged to be inadequate. In due course the implant materials were primarily utilized as mesh
kits with primary native tissue surgery being ignored as part of the “reconstructive” process. The resulting complications led to a
kneejerk response where all synthetics were to be banned from vaginal surgery, and a leap back to the previous comfort zones
occurred. The conventional colporraphy is again re-introduced as the standard for prolapse surgery. And with this a new catch-
phrase is introduced: “native tissue surgery”.

But native tissue surgery goes beyond only the utilization of native tissue as the building blocks for reconstructing the vaginal
wall supports to get rid of the bulging vaginal wall. It should also include the tissue reaction during wound healing due to the sur-
gical insult. This process will go through its phases of haemostasis, inflammation, proliferation and remodelling. The aim of sur-
gical reconstruction is to re-establish normal anatomy, morphological and functional, with minimal scar tissue formation. This will
require tissue dissection in anatomical planes, approximating torn edges of damaged tissue layers, no tension on the native tissue
and the use of materials that do not enhance the inflammatory phase: this will support the extracellular matrix in the remodelling
phase of wound healing by reducing the impact of the inflammatory phase. These are the requirements of regenerative medicine.
Conventional colporraphy gives the opposite effect: tissue is put under tension, normal anatomy is ignored and disregarded and
definitely not recreated, and perfectly normal tissue is usually removed. Scar tissue formation is seen as an adjuvant for “good’
surgical outcome.

By combining good surgical technique by limiting tissue damage with the regenerative principles of tissue engineering, regen-
erative surgery is done. This is applied in plastic surgery since 1997. The same principles are found in inguinal hernia repairs.

The same can be done in vaginal wall prolapse surgery. We are now entering what can be called the post mesh kit era. In this
era one can return to the surgical techniques of the past, or improve them. In prolapse surgery we are curtailed by either lack of
tissue, or poor quality of tissue. Variable tensions are being put on suture lines from the abdominal cavity leading to poor wound
healing. To counter these, temporary splinting or support needs to be provided to keep the native tissue in place until proper strong
collagen is being produced to strengthen the previous defective areas.6

In regenerative surgery new tissue is remodelled under the guidance of a biodegradable synthetic scaffold or biodegradable
xenografts. This scaffold will aid in growth of resident-tissue stem cells. These scaffolds can have a dual purpose: they can act as
a splint to keep tissues approximated for a sufficient time for wound healing to go through its phases, and can support the extra
cellular matrix to control the inflammatory and enhance the remodelling phases of wound healing. This can only happen if the
native tissue is respected. Regenerative medicine will only work if combined with good, safe surgical practices. 

The first surgeon who attempts to repair the damage that leads to the collapse of the vaginal wall is the most important one. The
surgical footprint left behind is not only paramount in the success of the primary surgery, but also may impede secondary surgi-
cal reconstructive attempts if the first procedure fails to give an optimal surgical outcome.  The secondary procedure must not be
an undo-redo process, but rather an add-on process. The minimal damage caused by following regenerative surgical principles will
enhance this. The surgeon can control scar tissue formation, improve tissue quality and function using tissue regenerating surgi-
cal techniques. 

The message is clear. Regenerative surgery puts the focus on the surgeon to do surgery on the do-no-harm principles. Don't ask
how big is the vaginal bulge, rather ask why did it happen. The surgeons’ ability to dissect, diagnose and repair the defect that led
to the prolapse will control the surgical outcome. To rely on the ability of implant materials to give surgical outcome is too unpre-
dictable, and can be damaging to the patient. These must be utilized as an adjuvant to primary tissue healing to improve outcome.
This can only happen if the primary tissue handling follows regenerative principles. That is regenerative vaginal surgery.

In a sense one could say that with regenerative vaginal surgery the vaginal surgeon is invited back into the vagina. Vaginal sur-
gery is an art practised by many, but mastered by few.
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Native tissue surgery and pelvic floor surgery
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INTRODUCTION

Pelvic organ prolapse (POP) occurs in some women
when the supporting pelvic floor becomes weakened or
stretched, usually caused by childbirth and pre-existing fas-
cial weakness, leading to descent of the pelvic organs to the
vagina and beyond. This leads to impairment of pelvic or-
gan function and negatively affects the patient’s quality of
life. Pelvic floor relaxation and POP is regarded by many as
a “pelvic floor herniation” process. Patients with mild,
symptomatic POP may benefit from conservative manage-
ment, such as physiotherapy or the use of vaginal pessaries.
However, moderate and advanced POP necessitates surgical
reconstruction. Mesh augmentation for pelvic floor rein-
forcement has been shown to improve reconstruction.1-2

However, mesh implantation is associated with specific
complications such as mesh exposure, pelvic and vaginal
pain and dyspareunia, as reported in a recent FDA notifica-
tion.3 The AUGS (American Urogynecologic Society), SU-
FU (Society of Female Urology and Urodynamics) and
ACOG (American Congress of Obstetricians and
Gynecologists) have all responded to this recent FDA an-
nouncement4-6 on the nature and frequency of POP-mesh
complications in comparison with the non-mesh POP re-
construction operations.

Those societies emphasize the importance of looking for
new ways to reduce the mesh complication rates. One of the
significant mesh complications is post-operative pelvic
pain, which is probably related to the mesh surface area and
its anchoring arms.This study looked at the feasibility, safe-
ty and outcome of a single incision un-anchored small mesh
insertion for pelvic floor reconstruction in physically active
patients suffering from moderate pelvic floor herniation.

Patients suffering from advanced pelvic floor herniation
are unlikely to benefit from reduced size un-anchored
meshes, and we are not proposing that approach for this
group of patients.  

PATIENTS AND METHODS

This study was designed to be open cohort. Patients
suffering from moderate prolapse of the pelvic floor, with

Ba, Bp or C points from +1 to +3 according to the ICS
POP-Q system,7 were enrolled. Informed consent was
obtained after detailed information was presented to the
patients. The study procedure was approved by the
institutional board committee (Helsinki committee) and
carried out according to the previously reported surgical
method for anterior mesh implantation.8-9 The single
incision un-anchored small mesh used was Prosima®
anterior and/or posterior (Gynecare, Somerville, NJ,
USA); the implants were not secured to pelvic ligaments.

All patients were given 1 gr Monocef® (Cefonicid,
Beecham Healthcare, Middlesex, UK) intravenously one
hour prior to surgery. They all underwent an iodine
antiseptic vaginal wash before surgery. General or
regional anesthesia was employed, depending on the
patient’s request. Urinary bladder catheterization or
diagnostic cystoscopy were not carried out routinely.
Patients also presenting with contralateral vaginal wall
relaxation underwent either colporrhaphy or pelvic floor
mesh augmentation reconstructive surgery (by Prosima®

or Prolift+M®, Gynecare, Somerville, USA), depending on
the severity of the herniation process. Mild degree of
prolapse was treated with native tissue colporrhaphy,
moderate degree with single incision small mesh, and
advanced prolapse was treated with needle guided large
mesh. Anti-incontinence surgery, using TVT-Obturator®,
TVT-SECUR® or TVT-Abbrevo® (Gynecare, Somerville,
USA), was added when indicated. Patients were followed
up at one month after surgery and again at the study
conclusion. All operations were carried out by a single
surgeon at both private and university (public) hospitals.

The outcome measures were the anatomical and
functional cure rates and the levels of post-operative pain
and dyspareunia, which were recorded on special forms
and a 0-10 Visual Analog Pain Scale (VAPS). Data were
collected by a researcher not involved with the patients’
care, based on patients' charts, interviews and pelvic
examinations. Subjective data regarding urinary and fecal
urgency, frequency, stress and urge incontinence,
impairment of sexual function, voiding function, pelvic
pain and bulging were obtained at the study conclusion
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interview by the same uninvolved researcher using the
UDI-6 and the IIQ-7 questionnaires. Subjective outcome
successes were defined as patient’s self-determined
satisfaction of the over-all operative results higher than

80. The follow-up period ranged from 12 to 31 months
(mean 16.41 months). Objective outcome successes was
defined as absence of prolapse of more than 2cm beyond
the different POP-Q points, assessed by pelvic
examination in accordance with the POP-Q standard ICS-
IUGA terminology at the end of the first post-operative
year.7

Statistical analysis was performed by the Wilcoxon
signed-ranks test and Kruskal-Wallis Test (Nonparametric
test for the significance of the difference among the
distributions of k independent samples, A, B, etc., of sizes
na, nb, etc., respectively) that were used to measure
“before” and “after” quantitative parameters between
groups. Significance was set at P < .05.

RESULTS

One hundred and seventy-two patients suffering from
moderate pelvic floor prolapse, with either uterine
prolapse or post-hysterectomy vaginal vault prolapse (Ba,
Bp or C points +1 to +3) were referred for surgery with
single incision un-anchored mesh implants. Six patients
were excluded from the study because of refusal, 11
patients were not available for follow-up, and thus 155
were enrolled into the study. The operations were
performed since January 2010 through December 2011.

The patients’ pre-operative personal characteristics are
tabulated in tables 1 & 2. Of the 155 study patients 82.1%
also had contralateral pelvic floor reconstruction (47.3%
with mesh implants) and 73.3% had a concomitant anti-
incontinence TVT procedure. Operative details and
operative and post-operative complications are shown in

Figure 1. - Operative complications rate.

Figure 2. - Pre-operative and post-operative POP-Q system and
UDI-6 measurements.

Operation type No. of
(N=155) Operations

%

Un-anchored mesh
(Anterior/Posterior)

196 (96/100) 126% (62% / 64%)

Anchored mesh
(Anterior/Posterior)

33 (6/27) 21% (4% / 17%)

Colporrhaphies
(Anterior/Posterior)

55 (39 / 16) 35% (25% / 10%)

Elongated cervix
amputation

11 7%

Vaginal Hysterectomy 1 1%

Anti-incontinence 116 74% 
surgery (66 / 11 / 39) (42% / 7% / 25%)
(TVTS/TVTA/TVTO)

TABLE 3. – Operation performed.

Patient’s group (N=155)

Age (mean and standard 59.31 ± 10.7 SD years 
deviation) (range 32-86)

Parity (mean and standard 2.72 ± 1.2 SD 
deviation) (range 0-6)

Ba point (mean and 2.24 ± 1.11 Cm. SD 
standard deviation) (range 0-2)

Bp point (mean and 2.24±1.8 SD Cm. 
standard deviation) (range -3-4)

C point (mean and 1.5 ± 2.75 SD Cm. 
standard deviation) (range 2-3)

Hiatal lump 155 Pts (100%)

Mild Moderate

Frequency 46 Pts (29%) 5 Pts (3%)

Urgency 38 Pts (24%) 9 Pts (6%)

Nocturia 20 Pts (13%) 4 Pts (3%)

Recurrent UTI 1Pt (1%) 0 Pts (0%)

Bladder outlet obstruction 1Pt (1%) 0 Pts (%)

Sexual discomfort 7 Pts (4%) 1 Pt (1%)

Dyspareunia 1 Pt (1%) 0 Pts (0%)

Constipation 0 Pts (0.0%) 0 Pts (0%)

Fecal incontinence 0 Pts (0.0%) 0 Pts (0%)

Stress urinary
incontinence

115 Pts (73%)

UDI 6 (mean and 3.17 ± 1.66 SD 
standard deviation) (range 0-9)

Background chronic
illness

38 Pts (24%)

Duration of follow-up
(mean and standard

16.41 months ± 3SD

deviation)
(range 4-23)

TABLE 1. – Patient characteristics.

Previous operations
(N=155)

No. Pts. %

Hysterectomy
(Abdominal/vaginal 28 (22/6) 18% (14%/4%)
hysterectomy)

Pelvic floor reconstruction
(Mesh/No mesh)

16 (10/6) 10% (6%/4%)

Anti-incontinence surgery
(Burch/TVT)

11(3/8) 7% (2%/5%)

Total 55 35%

TABLE 2. – Previous operations.

Single incision un-anchored small mesh for surgical reconstruction of moderately prolapsed pelvic floor

SingleIncision:---  14/01/15  09:50  Pagina 101



Menahem Neuman, Natalia Sumerova

102

table 3 and figure 1. No major complications were
reported, two cases of bladder penetration that were
repaired vaginally at the time of the primary procedure
with no morbid sequelae; no other viscera were injured.
Blood transfusion was not indicated, pain rates and
severity were mild to moderate. The outcome, shown in
figures 1, 2 and 3, was satisfactory both subjectively and
objectively. There was anatomical improvement in terms
of the various POP-Q points as well as improvement in
urinary, sexual and ampular functions, based upon the
patients’ detailed satisfaction reports.

The POP-Q points measurements showed marked
improvements: for the Ba point the average change was
4.65 cm, for the Bp point the change was 4.90 cm, and
for the C point it was 6.91 cm. These measurements were
all statistically significant. Bladder overactivity symptoms,
viz. urgency, frequency and nocturia, were all found to be
significantly reduced, as was the sexual discomfort rate.
Fecal incontinence, pelvic pain and constipation rates
were reduced as well, but these did not achieve statistical
significance. 

DISCUSSION

It is well recognized that mesh implants provide
reinforcement in surgical reconstruction of the prolapsed
pelvic floor. However, mesh-related adverse effects pose
a troublesome problem, and means should be sought to
reduce these adverse effects. Reducing the mesh surface
area and removing the anchoring arms might decrease the
incidence of complications, while still maintaining the
desired beneficial effects.

The cohort of 155 patients presented here, reflects the
common population presenting to pelvic floor clinics
(Tables 1 and 2), and the outcome data suggest that
reduced size single incision un-anchored mesh
augmentation is safe and effective for moderate pelvic
floor prolapse repair. This technique, requiring less
dissection for implantation, is also less hazardous (Figure
1), than are the commonly performed operations.1,2 The
overall outcome results are promising and show
statistically significant improvement. This holds true for
both the anatomical outcome – demonstrating successful
and stable architectural reconstruction of the pelvic floor
as measured according to the POP-Q ICS method, and
also in terms of the functional results (Figures 1-3).
Functional outcome in terms of bladder overactivity
symptoms were found to deteriorate over the period of
follow-up course for reasons that are not clear. The pain

levels reported here, including dyspareunia, vaginal and
pelvic pain are markedly lower than those reported
previously following pelvic floor reconstruction, both with
and without mesh implants (Figure 3). These findings are
in accordance with previously reported data regarding new
single incision anchored meshes8-9 and probably better
than the data regarding the large anchored meshes.1-2 This
approach is likely to be effective in women with a
moderately affected pelvic floor, but probably will not be
sufficient for advanced prolapse.

This study strength is limited by being single armed and
by having a rather short term follow-up. Further studies
should be designed and carried out to shed more light on
the issue of optimal anchoring points for reduced size
single incision un-anchored versus full size needle guided
mesh augmentation. As the particular mesh implant
studied here is not available any more, the first author is
using since 2012 another small implant, the SeraTom
(Serag Wiessner, Naila, Germany).
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Figure 3. - Pre-operative and post-operative functional status.
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INTRODUCTION

Anorectal manometry correlates poorly with diagnosis
of pelvic floor dysfunction and prediction for cure after an
intervention. Nonetheless resting anal pressure measure-
ments in individuals are reproducible.1 Although anorectal
resting pressure is reduced in subjects with faecal inconti-
nence, there is insufficient sensitivity and specificity to
consider anorectal pressure measurement as a specific di-
agnostic test.2,3

We have previously reported that upward pressure ap-
plied at midurethra by digital support of the pubourethral
ligament caused a mean increase in endoanal pressure of
47cm water in the control group, and a mean 30 cm water
pressure increase in a group of women with faecal inconti-
nence (p = 0.034), suggesting less tight anal closure by di-
rectional muscle forces in the group with faecal inconti-
nence.4 This increase in endoanal pressure was considered
to be due to improved efficiency of the muscle closure
mechanism caused by supporting the ligament at the mus-
cle insertion point.5

Therefore, as a test of principle, we have studied the ef-
fect of pelvic muscle contraction against pelvic floor sus-
pensory ligaments and the perineal body (Figure 1) by
measuring endoanal pressure before and during transvagi-
nal digital support to these ligamentous structures in a het-
erogeneous group of women with pelvic floor disorders.

PATIENTS AND METHODS

Fourteen patients were studied. Eight presented with
anorectal pain, five presented with constipation and one
had double urinary and faecal incontinence. Mean age was
49.9 years (range 36-64). The principles of the Helsinki
Declaration of 2008 were followed.

The interventions
Digital support of the pubourethral ligament (PUL)
The examiner’s index finger was inserted into the vagina

immediately behind the pubic bone at the level of
midurethra and gently pressed upwards.

Tampon support of the uterosacral ligaments (USL).

A 3x6 cm tampon was inserted into the posterior fornix
to support the uterosacral ligaments (USL).

Digital support of the perineal body (PB).
Two fingers were inserted into the vagina and separated

laterally to support the right and left perineal bodies, taking
care not to compress the anus.

Endoanal pressure measurements 
Pressure measurements were performed using a

ManoScan 360 High-Resolution catheter-based Anorectal
Manometry System (Given Image Company, Israel).
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Figure 1. - Muscle vectors (arrows) showing planes of contraction
forces against suspensory ligaments and perineal body. Patient in
sitting position. According to this model, the action of anal canal
“squeezing” is activated by forward contraction of m.puborectalis
(PRM) which inserts directly into the posterior surface of the pu-
bic symphysis (PS). M.pubococcygeus (PCM) contracts against
the pubourethral ligament (PUL) anteriorly. M. levator plate (LP)
contracts against the pubourethral ligament (PUL) anteriorly and
against the perineal body (PB) inferiorly via its rectovaginal fas-
cial attachment (RVF). The longitudinal muscle of the anus
(LMA) contracts against the cardinal/uterosacral (CL/USL) com-
plex. EAS=external anal sphincter.
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Anorectal pressure measurements were made at rest and on
maximal voluntary anal squeezing when supporting PUL
only, USL only, both PUL and USL, and a final reading
when simultaneously supporting all points, i.e., PUL, USL
and perineal body (PB).

Statistical analysis:
We used Student’s two-tailed t test to test for significance

in the paired groups of data. Calculations were performed
with Graphpad software.

RESULTS

The mean resting unsupported endoanal pressure before
intervention was 70 mmHg (range 49.5-90.3mmHg). The
mean unsupported maximum anal squeeze pressure was
125.3mmHg (range 86.6-184.4mmHg). With digital sup-
port as described above there was an increase in resting and
maximal voluntary squeeze pressures, especially marked
with combined support of PUL, USL and PB. Resting pres-
sure increased by 28% and squeeze pressure by 22%. There
was relatively little benefit when PUL or USL were sup-
ported alone. The full results are given in Table 1. Since the
small number of patients studied were heterogeneous in
terms of their clinical diagnosis no attempt was made to
differentiate the results according to different syndromes.

DISCUSSION

The pubococcygeal (PCM), levator plate (LP) and con-
joint longitudinal muscle of the anus (LMA) components of
the pelvic floor musculature insert into pelvic floor connec-
tive tissue in relation to the anal canal and, in women, the
vagina.6, 7 These muscles contain a predominance of slow
twitch fibres, and are thus adapted to tonic contractile
force.8 Contraction of these muscles stretches and narrows
the anorectum causing an increase in intra-anal pressure. In
patients with pelvic floor dysfunction, for example, pro-
lapse and faecal or urinary incontinence, pelvic floor mus-
cles are weak and there is associated with laxity and lack of
elasticity of pelvic floor ligaments, so that muscle contrac-
tion is less effective. Anal squeezing is an important protec-
tive mechanism in the maintenance of faecal continence.
Our understanding of the dynamics of pelvic floor function
(Figure 1) implies that supporting the pubourethral liga-
ment would cause little if any increase in anorectal pres-
sure. We confirmed this in this study (Table 1).

The uterosacral ligament (USL) is attached to the lateral
side of the rectum by fascia. Mechanical support of the
uterosacral ligament alone creates a firm anchoring point
superiorly, leading to an enhanced forward vector during
contraction of the puborectalis muscle (PR) which we con-
sider is the main muscle activated during a voluntary anal
squeeze. This leads to increased anorectal pressure on
squeezing, associated with narrowing of the intra-rectal lu-
minal area. It can be seen from Fig 1 that digital support of
the rectovaginal fascia (RVF) and perineal body (PB)
should improve levator plate (LP) contraction. This con-
tractile force stiffens the anterior wall of the rectum, per-
mitting a stronger force vector to act during anorectal clo-
sure by the puborectalis muscle.

However, viewed from a basic physics perspective, it is
not the intra-anal pressure itself which influences conti-
nence or defecation, but the frictional resistance to the flow
of faeces within the anorectum. In a mathematical model,
Bush (9) showed that this resistance followed an exponen-
tial relationship with the radius of the anorectum, being in-
versely proportional to the 3rd power of the radius.
However, anorectal diameter is not uniform and this rela-

tionship is therefore complex. In addition, local factors
such as lubrication of the anorectal wall by mucus, and
stool consistency, will both play a role in anorectal friction-
al resistance to the passage of faeces. Anorectal pressure
(Pressure=Force/Area) is itself derived inversely from the
2nd power of the anorectal radius since area can be simpli-
fied as πr2. These concepts indicate that resistance to faecal
flow, and anorectal pressure, are related phenomena, so that
the increased pressure which we measured on anchoring
pelvic floor ligaments would also increase the intra-anal re-
sistance. Thus, changes in anorectal pressure induced by
appropriate correction of pelvic floor ligamentous laxity
will improve symptomatic pelvic floor dysfunction.

The question arises, “Does interventional manometry
have any practical value?” and “Can it serve as a predictive
test?” There is evidence that reinforcing the PUL and/or
USL suspensory ligaments may improve pelvic floor sup-
port and therefore anal closure (10,11) or obstructive defe-
cation (11-13). We consider it likely that pressure measure-
ments made before and after digital support of specific
pelvic floor ligaments may become a useful predictive test
in planning surgical repair procedures based on ligament
reconstruction (10-13). However, this suggestion requires
that appropriate measurements should be made before and
after surgical techniques designed to restore normal conti-
nence by repair of suspensory ligaments and the perineal
body in specific pelvic floor syndromes. Such studies re-
main to be carried out. 

CONCLUSION

We have presented a new concept in clinical investiga-
tion of  the pelvic floor, which we have termed “Inter ven -
tional manometry”. This technique requires digital rein-
forcement of the ligamentous insertion points of the pelvic
muscles while measuring intra-anal pressure. We interpret
the results of these interventions as improving muscle vec-
tors during pelvic floor muscular contraction, causing an
increased intra-anal resistance by narrowing the anal canal.
This technique enables the precise anatomic-physiological
deficit due to pelvic floor ligamentous laxity to be charac-
terized and surgical correction to be planned accordingly. 

Resting Squeeze
pressure pressure
(range, p vs (range, p vs
mm Hg baseline mm Hg baseline
+ SD) + SD)

Baseline 70.1+14.5 125.3+30.5

(49.5-90.3) (86.6-184.4)

PUL support 81.2+18.5 0.01 130.8+29.9 NS

(47.2-104.2) (83.6-175)

USL support 77.8+16.8 NS 140.5+31.9 0.01

PUL+USL 88.0+21.6 0.008 148.7+27.4 0.008

(47.8-115.3) (115.9-210)

PUL+USL+ 90.5+31.1 0.001 153+37.8 0.01

PB support (56.5-166) (101.5-242.2)

TABLE 1. – Mean endoanal pressure measurements at rest and dur-
ing voluntary anal squeeze with the pubourethral (PUL),
uterosacral (USL) pelvic floor ligaments and perineal body (PB)
unsupported and digitally supported per vaginam. Differences be-
tween the mean values at rest (columns 1 and 2) and between
mean values during voluntary anal squeeze contraction (columns 3
and 4) were tested using Student’s two-tailed t test.
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