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Abstract

Background Diastasis of the rectus abdominis muscles
(DRAM) is characterised by thinning and widening of the
linea alba, combined with laxity of the ventral abdominal
musculature. This causes the midline to “bulge” when intra-
abdominal pressure is increased. Plastic surgery treatment
for DRAM has been thoroughly evaluated, though general
surgical treatments and the efficacy of physiotherapy remain
elusive. The aim of this systematic literature review is to
evaluate both general surgical and physiotherapeutic treat-
ment options for restoring DRAM in terms of postoperative
complications, patient satisfaction, and recurrence rates.
Method MEDLINE®, Embase, PubMed, PubMed Cen-
tral®, The cochrane central registry of controlled trials
(CENTRAL), Google Scholar, and the Physiotherapy
Evidence Database (PEDro) were searched using the fol-
lowing terms: ‘rectus diastasis’, ‘diastasis recti’, ‘midline’,
and ‘abdominal wall’. All clinical studies concerning
general surgical or physiotherapeutic treatment of DRAM
were eligible for inclusion.

Result Twenty articles describing 1.691 patients (1.591
surgery/100 physiotherapy) were included. Surgical inter-
ventions were classified as plication techniques (313 patients;
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254 open/59 laparoscopic), modified hernia repair techniques
(68 patients, all open), and combined hernia & DRAM
techniques (1.210 patients; 1.149 open/40 hybrid). The
overall methodological quality was low. Plication techniques
with interrupted sutures and mesh reinforcement were
applied most frequently for DRAM repair. Open repairs were
performed in 85% of patients. There was no difference in
postoperative complications or recurrence rate after laparo-
scopic or open procedures, or between plication and modified
hernia repair techniques. Physiotherapy programmes were
unable to reduce IRD in a relaxed state. Though reduction of
IRD during muscle contraction was described.

Conclusion Both plication-based methods and hernia
repair methods are used for DRAM repair. Based on the
current literature, no clear distinction in recurrence rate,
postoperative complications, or patient reported outcomes
can be made. Complete resolution of DRAM, measured in
a relaxed state, following a physiotherapy training pro-
gramme is not described in current literature. Physiother-
apy can achieve a limited reduction in IRD during muscle
contraction, though the impact of this finding on patient
satisfaction, cosmesis, or function outcome is unclear.

Keywords Diastasis of the rectus abdominis muscles
(DRAM) - Diastasis repair - Surgical treatment -
Physiotherapy

Diastasis of the rectus abdominis muscles (DRAM) is
characterised by a protruding midline following an increase
in intra-abdominal pressure. The condition is characterised
by a gradual thinning and widening of the linea alba,
combined with a general laxity of the ventral abdominal
wall muscles [1]. DRAM is frequently misclassified as a
primary ventral hernia, though the musculofascial
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continuity of the midline and subsequent absence of a true
hernia sac is what sets DRAM apart from a ventral hernia.
DRAM is defined according to the Beer classification as an
inter-rectus distance (IRD) of 22 mm, three centimetres
above the umbilicus measured in a relaxed state [2].
DRAM occurs most frequently during pregnancy and
regresses spontaneously after childbirth in most women.
However, 12 months postpartum, 33% of women still
experience DRAM [3].

Patients with DRAM can experience similar complaints
as patients with ventral hernias, such as lower back pain,
functional, and cosmetic impairment, although DRAM
does not pose any threat of strangulation [4-6]. DRAM
repair is challenging for most general surgeons since
guidelines on indication and methods for repair do not
exist. The similarity to primary ventral hernias causes
frequent misclassification of the disease, and potential
mistreatment of DRAM. In recent years, the overall com-
plexity of evidence concerning DRAM treatment has
increased. This is due to the development and implemen-
tation of several new reconstructive techniques, combined
with heterogenous outcome measurements, heterogenous
definitions for DRAM, and the lack of high quality data.

DRAM is mostly treated conservatively, with or without
the help of a physiotherapist. If conservative therapy is
preferred, patients can be referred to a physiotherapist for
training programmes that specifically target DRAM, with
the aim of reducing IRD and improvement of quality-of-
life (QoL). Benjamin et al. evaluated the efficacy of these
training programmes in 2014, though due to the low quality
of the included studies, no conclusions could be drawn [7].

In case of severe functional or cosmetic impairment, the
patient can be referred to a plastic or general surgeon.
Patients that suffer from excess skin or want to tailor their
waistline simultaneously with DRAM repair should be
referred to a surgeon in the field of plastic and recon-
structive surgery for an abdominoplasty. Publications
describing DRAM repair in combination with abdomino-
plasty, liposuction, or other strictly plastic surgical tech-
niques are numerous. A recent review of Akram et al. in
2014 concerning abdominoplasty repairs in combination
with plication of the linea alba concluded that most evi-
dence is of low quality and RCTs are required to gain more
insight in the short- and long-term effects of these com-
bined procedures [8].

Patients with the sole diagnosis of DRAM are frequently
referred to the general surgeon. If surgical treatment is
considered, several techniques ranging from laparoscopic,
endoscopic, hybrid, and open repairs are available. Cur-
rently, there is no consensus on the preferred surgical
management of DRAM. In contrast to evidence from the
reconstructive field, a thorough literature review comparing
different surgical techniques for DRAM is noticeably

absent in general surgery. The aim of this systematic lit-
erature review is to provide insight in the general surgical
treatment options for DRAM in terms of postoperative
complications, patient satisfaction, and recurrence rates,
and to evaluate if physiotherapy is an alternative for sur-
gical intervention.

Methods

This review was registered on PROSPERO [No.:
CRD42016048176], and conducted according to the PRISMA
statement [9]. Before the start of the review process, the
review protocol was evaluated and approved by an indepen-
dent, external expert in the field of ventral hernia repair.

Search strategy

A structured literature search of MEDLINE®, Embase,
PubMed, PubMed Central® (PMC), The cochrane central
registry of controlled trials (CENTRAL), Google Scholar,
and the Physiotherapy Evidence Database (PEDro) was
performed by two independent reviewers (E.M. and
A.A.O.) using the following terms:

‘Diastasis recti’” OR ‘rectus diastasis’ OR ‘diastasis of
the rectus abdominis’ OR ‘diastasis of the recti’” OR ‘ab-
dominal diastasis” OR ‘abdominal separation’ OR ‘diasta-
sis recti abdominis’ OR ‘separation of the recti’ OR
‘separation of the rectus abdominis’ OR ‘divarication of
the recti’ OR ‘divarication the rectus abdominis’ (See
Table 1 for PubMed search algorithm).

The last search was performed on 8 September 2016.
The search was performed using validated methods of the
Cochrane collaboration [10]. Both medical subject heading
(MeSH) terms and free-text terms were used to construct
the search algorithm. To create a sensitive algorithm, only
one domain of search terms (DRAM population) was used.
In addition to the above-mentioned database searches, all
reference lists of included studies were cross-referenced to
retrieve additional articles eligible for inclusion. In case of
disagreement between the reviewers regarding the eligi-
bility for inclusion of an article, the study quality, or the
data abstraction, a third reviewer (NB) was consulted for
arbitration.

Outcome definition and study selection criteria

The primary outcome for surgical studies was recurrence
rate, secondary outcomes were complication rate within
30 days, and patient satisfaction.

The primary outcome for physiotherapy studies was the
effect of the treatment on IRD, secondary outcomes were
were patient satisfaction, and recurrence rate.

@ Springer



4936

Surg Endosc (2017) 31:4934-4949

Table 1 Search algorithm for PubMed search

((CCC((((((diastasis[ All Fields] AND recti[All Fields]) OR (rectus[All Fields] AND diastasis[All Fields])) OR (diastasis[All Fields] AND (“rectus
abdominis”[MeSH Terms] OR (“rectus”[All Fields] AND “abdominis”[All Fields]) OR “rectus abdominis”[All Fields]))) OR (diastasis[All
Fields] AND recti[All Fields])) OR ((“abdomen”[MeSH Terms] OR “abdomen”[All Fields] OR “abdominal”[All Fields]) AND diastasis[All
Fields])) OR ((“abdomen”[MeSH Terms] OR “abdomen”[All Fields] OR “abdominal”[All Fields]) AND (“divorce”[MeSH Terms] OR
“divorce”[All Fields] OR “separation”[All Fields]))) OR (diastasis[All Fields] AND recti[All Fields] AND abdominis[All Fields])) OR
((“divorce”[MeSH Terms] OR “divorce”[All Fields] OR “separation”[All Fields]) AND recti[All Fields])) OR ((“divorce”[MeSH Terms] OR
“divorce”[All Fields] OR “separation”[All Fields]) AND (“rectus abdominis”[MeSH Terms] OR (“rectus”[All Fields] AND
“abdominis”[All Fields]) OR “rectus abdominis”[All Fields]))) OR (diastasis[All Fields] AND rectus[All Fields] AND abdominus[All
Fields])) OR (divarication[All Fields] AND recti[All Fields])) OR (divarication[All Fields] AND rectus[All Fields] AND abdominus[All
Fields])) OR (divarication[All Fields] AND (“rectus abdominis” [MeSH Terms] OR (“rectus”[All Fields] AND “abdominis”[All Fields]) OR

“rectus abdominis”[All Fields])))

Search algorithm for PudMed database search, performed on 8th of September 2016

Physiotherapy studies reporting the effect of a single
exercise, performed only once, on IRD were considered as
functional anatomy studies; these studies were not included
in this systematic review. Physiotherapy studies focussing
on rectus diastasis during pregnancy or during the imme-
diate postpartum period (<24 h after childbirth) are not
included in this review since results obtained during this
period cannot be translated to a later time point, and
therefore, do not provide an answer to the secondary end-
point of this review.

Any study (comparative, non-comparative, randomised,
or observational studies) describing the effect of a surgical
or physiotherapy intervention for DRAM in at least one
patient >18 years old and reporting on the primary and/or
secondary outcome of this systematic literature review was
eligible for inclusion, with the exclusion of plastic surgery
interventions such as abdominoplasty or liposuction. No
limitations to subjects, type of article, or language were
applied, though articles published before 1975 which
described techniques that have not been applied or
described since 1975 were excluded. Articles reporting on
the treatment of DRAM combined with primary ventral
midline hernias were included, yet analysed separately.

Quality assessment

The quality of randomised controlled trials (RCTs) was
evaluated using a 14-item modified Jadad score and the
Cochrane risk of bias tool [11, 12]. The quality of non-
randomised clinical studies was evaluated using the
methodological index for non-randomised studies (MIN-
ORS) criteria [13]. In case of missing data for the quality
assessment tool or data abstraction, the first and corre-
sponding author of the study was contacted via email for
completion of the missing data. If the author did not
respond, a reminder was sent after two weeks. Studies
which scored below three on the MINORS checklist were
excluded due to lack of critical data needed for correct
interpretation of the results, combined with an
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unacceptable risk of bias, as at least six of eight domains of
the MINORS checklist are either not reported, or partially
reported in those publications.

Data abstraction

Data abstraction was performed in duplicate by two inde-
pendent reviewers (E.M. and A.A.O.) with a standardised
electronic data extraction form including but not limited to
the following study variables: title, source, year of publi-
cation, study design incl. retrospective or prospective
design, demographics of study population, sample size,
type of rectus diastasis according to Nahas et al., descrip-
tion of intervention, type of analysis (intention to treat vs
per protocol), complications within and after 30 days
postoperative, follow-up period, follow-up assessment tool,
risk factors for recurrence, and recurrence rate [14]. The
Nahas classification defines four different aesthetic types of
DRAM: Type A, DRAM secondary to pregnancy; Type B,
DRAM and laxity of the lateral and infra-umbilical
aponeurosis; Type C, congenital lateral insertion of the
rectus abdominis muscles; and Type D, DRAM combined
with poor waistline.

Results

After screening 3.689 citations and removal of 20 duplicate
manuscripts, 37 articles were selected for full-text review
(Fig. 1). Seventeen articles did not meet the inclusion cri-
teria. Twenty studies describing a total of 1.691 patients,
1.591 (94 males, 1497 females) in general surgical tech-
niques and 100 (all female) in physiotherapy training
programmes, were included in this systematic review.
Fourteen articles described surgical techniques, and six
described physiotherapy interventions (Table 1). Five
articles were written in Russian, and one in Italian. The
included surgical techniques were divided into three cate-
gories: (1) plication techniques for DRAM repair, (2)
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Fig. 1 Flow of trials through
review. PRISMA flowchart of
study selection

Indentification

Records identified through database search
PubMed: (n=2011)
MEDLINE: (n=110)
Embase: (n=107)
Cochrane: (n=268)
Pedro: (n=21)
Google scholar: (n=1170)

Additional records identified
through other sources:
Cross-reference (n=2)

Screening

Records screened

(n=3689)

Records excluded based on
title and abstract (n=3632)

\

=( Duplicates articles
removed (n=20)

Full-text articles excluded (n=17)

/ Surgery (n=13)

Eligibility

Full-text articles assessed for
eligibility after duplicate removed (n=37)
(surg. (n=27) / phys. (n=10))

- Published before 1975 (n=5)
- Same populationin
otherincluded article (n=1)

\

- Missing critical information (n=2)
| - Anatomy study in cadavers (n=1)

Studies included in
qualitative synthesis (n=20)

- Does not describe patient results (n=2)

j - Abdominoplasty intervention (n=2)
Physiotherapy (n=4)

Included

- Survey based study, no intervention (n=1)

Y

- Abdominoplasty with physiotherapy (n=1)
- Missing critical information (n=2)

Surgery studies
included (n=14)

Physiotherapy studies
included (n=6)

(n= number of studies); This flowchart is in accordance with the PRISMA statement 2009

hernia repair techniques modified for DRAM repair, and
(3) techniques for DRAM associated with small midline
hernias.

Surgery
Plication techniques

Six retrospective studies described a surgical technique that
included plication of the midline, anterior, or posterior
rectus fascia, whilst maintaining the myofascial continuity
of the ventral abdominal wall [15-20]. A total of 313
patients were included in this section. Four studies were
case series, and two were case reports (Table 2). Quality of
the included studies was low—to-moderate with MINORS
scores ranging from 4 to 7.

Techniques
Four studies used a laparoscopic plication technique

(Fig. 2A). All laparoscopic studies used mesh reinforce-
ment, of which three used interrupted sutures, and one used

a continuous suture. The study of Palanivelu et al.
describes a technique in which they place interrupted
sutures which run in and out of the widened linea alba
several times, causing the midline to fold like a ‘Venetian
blind’ when the sutures are tied [19]. The difference in
suture technique did not lead to a difference in recurrence
rate, which were 0% in all the laparoscopic repair groups
after a follow-up ranging from 6 to 24 months.

Three studies used an open technique, and all plicated a
different layer of the ventral abdominal wall (Fig. 2B)
[16-18]. The study of Nahas et al. included two female
patients with a recurrent DRAM, and is the only study in
this section that did not use mesh reinforcement. They
describe two type C (congenital lateral implantation of the
rectus abdominis muscle) DRAM patients that had under-
gone plication of the anterior rectus fascia during
abdominoplasty surgery and were operated using an open
plication technique of the posterior rectus fascia [18]. The
anterior rectus fascia was then sutured to the midline, to
mimic the anatomic situation. The other two ‘open’ studies
described either a plication technique of the anterior rectus
fascia or solely the widened linea alba, combined with a
sublay mesh.

@ Springer



4934-4949

Surg Endosc (2017) 31

4938

"QUI[PIWI AU} UT BIOSEJ SNJOAI

(1D) sypuow 9 *s)[nsax Jou1aysod oY) 0} BIOSEY SNJoaI
iz ose)) o1oWIs0d JoLIdUE Ay} Jo SuLoyoue
K1010R]STIRS suonesrduod pue ‘saxnjns pajdnirojur
(1) sypuowr g pue £10A0001 -doysod IM [Ieays Smodl Jorsod ($002)
91/t %0 ] ese) [MUOAdU[)  ‘OJeI QOUALINOAY oy} Jo uoneord ourprw uedQ o) AN 66 2 8¢ ¢ modor ose) AN X' ‘SeyeN
B1T1
(7 = u)ured
pliitiife)
%S (1 = u) “JUSWIDIOJUIAI (S
vluoumauq suoneorduwod puB SoIMINS Spul[q UBTAUIA
%111 +doysod paydnuur yim uonesrd (6002)
91/L %0 (LD) syuow g4—9 (z=wu)ureq ‘eI UILNOY aurpprur drdoosorede| adyv (414 w 81  SSMes ase)  L00T-8661 D ‘M[aAluR[ed
'skep ¢
I10)Je 93IeydSIp
pakerop “JUAUWIAOIOJUIRT SO
‘paquIosap suoneordwo)) INOYIIM SAININS SSOIEU
SNQ[I pue doysod pardnuur yim uonesrd 0102)
91 /% %0 (4N) syoom §  uted aaneradojsod — ‘@)eI 20UALINOYY aurprur drdoossorede] q AN 8¢ I Modar ase) AN CH'V ‘AqIppiS
*dn
-mo[[oJ Suumnp
PaseAIoap YoIym
‘(uoneoyroads "JUSWIADIOJUIAI YSOW
ou) PaAIasqo suonesrduod [eUTWIOp@e-RNUl PUB SAININS
uawopqe Jo -dosod paydnuur yim uonesrd #102)
91/S %0 TAN) spuowr 7] ssowySn pue ured  “0jel 9OUALINONY qurppru drdoosorede| qav AN St—S¢ € Souds ase) AN AN ‘ooyes
((%1°8
‘spesun ‘9716
Po03/ox2)
o1PWS0)
%801
(¥ = u) ured
:o1doosorede]
(Y'Y
‘spesun ‘99°Ge6
poog/oxa)
onowWs0)) ‘(LE = u) ysowr
%87 (S = ) QuarAdoxdAjod [eurwopqe
PWOTRWOY SwooImo -BI)UI PUB 2IMNS SNONUNUOD
oIoWs00 yim uoneoryd aurjprw
BS « s aredar ordoosorede
(6 = u) ewWOIAS uonouny R ' 1
) [[eA [BUILIOPGER (6L = u)
%19 (11 =) ‘suonedrdwod ysouwr aud[AdoirdAjod Keiqns (wd 01
(UOTRUILIEXS [BOTUI[O uonodjul punom -doysod pue e1ose] smoal Josod QI ueaw) (9107)
9lI/L %0 +1D) syuow g wwadp  “oyer ooudnmoay  jo uopneard yim aredar uado AN ¥9C 607 9IT SIS AB)  €10TF00T  H'd ‘YRS
uonedIq
([u
QWO0JINO SAVAA /B3 (s1e96) (uomeorjqnd
joodfl NG 98V =N Avold
Kyrenb 9, el (POYIoOIN) S)[nsa1 Jo/pue KI1BpU099S Apnys pouad Jo 1eak)
ApmS  QouaIINOYY pourad dn-mofoJ  suoneordwo) pue Arewnig UOTJUIATIU] uonendog Jo odA7, Apmis oyny

A1931ns 9[qe) 20upIARy T dqelL

pringer

A's



4939

4934-4949

Surg Endosc (2017) 31

BS'L (€ =u)
UOTIOXd U0
ured juopTuLIUy
%ST
(1 = u) ewoIdg
%ST
(1 = u) Surpeay
punom parredwy

‘uorsTout

[ed1[IquIn [fews € AJUO M
anbruyo9) [9149yD payipowr
Ay} JO UOISIOA PLIGAY

B SO[qUIASAI uonejudwIne
YSoul (1M IOAO

UIn) eIOSe) SN)OaI JOLIoJuE

%S'T passisse-ordodsopuy “eruray
(1 = u) s1s010u suoneorduod osedida 1o [esrIqun (9102)
91/ VN VN [eatrquin “doisod WA INVIA oy snd ¥V I AN 9CE 9'¢s Ob  SOLRS sED  910T-SI0T " ‘SuI[Iodo03]
YSOW JATISAYPE-J[OS
Jo yuswaoeld [eouojurodord
suoneordwoo PUE UOISIOUT [BDI[IqUIN [[BWIS
suoneardwod -dojsod “BILIAY [BII[IQUUN [[RWS (wd > eIuIdy) 9102)
ore (U =uw L1 (IN) AN ‘dojsod ON  ‘@1BX 0UALINIDY WA NV IA Jo sredar uado AN AN AN 8¢ seles ase  CIOT-€10T g MeALd
(AV¥d pue BIUISY) paulquio)
*95() uoureduwr
QIOAS PUB ‘991
JuouLredur
JJeIopowt
‘DY IL
Juounreduur ured (L661
yiom ou uourtredur JUQUIDIOJUTAT :voﬁ
‘suonedrdwod Jiom ysow noyim aredax ‘€861)
91/€ %0 (IND) sypuowr ¢ WIR-HOYS 6 “djed oudImMIdyY  eddoyg—saary payrpow uadQ AN AN AN 96  soues ase) 68610861 TD “Add11D
(uoneurUIEXS "JUQUIADIOJUIAT Sl
[ESIUID = stpuowt ¢ suoneordwos Kequo ynm Kiserd surpiy
pue -doysod “[nsax “A)1A®d [RUTWIOPqE oY)
81 ‘1D = spuow 1) %0°L 21joWS0d Surdua Jnoyim anbruyody (L002)
91/8 %0 SYIuowW 47 (¢ = U) BWOIOS  ‘OJel QOUALINOIY [21A2YD paytpouwr uadQ AN AN IS4 41 SALIdS AsBD AN ‘D" ‘o1Suy
poyowr
aredox
eILIOY
PYIpON
-adey
uesART usAom paiod-oury
JUSWIADIOJUIAI KBNS YSowr
samns paydnuojur Suisn
eq[e eaury oy jo uonedrd (1000) 'S
91/p (€ = u) %y (AN s1eak 11-1 SurssIy QJBI QOUALINOTY aurprur yyim Jredar uadQ AN AN 6'St €L  SOds ase) AN ‘eurdnfrq
(Fu
/33 (s1eak)
JwodNo SJAVIA Jo odAL Ng a3y =N (uoneorqnd
Kyenb 9, el (POyIRIN) S)[nsal 1o/pue Krepuooas Apnys pourad Jjo
Apmig QOUALININY pourad dn-mojjoq suoneordwo) pue Arewing UONURAIU] uone[ndod Jo adAy, Apms 1eak) JoyIny

penunuod g dqe],

pringer

A



4934-4949

Surg Endosc (2017) 31

4940

((%8) 1 =u1eg
snoauendqns
JO ewOIRWOH)

%G el
uoneordwod
11 dnoi3
(BED)
[ = u sno[[
(L)
7=uw
snoaueINogns
JO BWOYRWOH
(e
[ = u uondayur
PUNOM)%Y'S
der
uoneordwod
1 dnoi3
(%D ponad
I = u snayp pouado gg =u
j0U ST AJIABD [EUTWOPQE 1T 92139p
(T D1 = uwy QY "BIOSB) SNIOAI IOLIAJUE Wl =u
snoauendqNs pue Jordsod ay) jo Surmins [T 9a130p
J0 ewolRWaH) snonunuos Juowaoed '
%G el ysouw Ae[qns yiim BIuIoy yLL=u
uopeordwod suonearduwioo [eoIIquIn qm VN 10§ 1 90153p (#100)
91/S VN AN ;] dnoi3 ‘doysog  aredar oy11 eddoiS—saary uadQp AN AN AN pLE  SOHAS ASBD)  €107—9007 A’V ‘Aosemx
uawaoed
ysow Ae[qns Y)IM PAUIqUIod
aredar eddoyg—soary
(1 = u) s1soxxu suoneorduwod UIIM BIUISY [BII[IqUIn $102)
91/€ VN AN [eDIIqUIN [EWTUIN "doysoq [rews g aredor uado AN Tle 09 ¥y seMes aseD)  C10T-010C VO RN
%6 (¢ = u) (SVA) ured “JUSWUADIOJUTII S
ewasAydua ‘oouereadde Ae[uo pue ‘aInns JO0[-A
snodurinoqng o1oWs0d yim uonesrd surppru
(uoneumuIEXs %z (S = u) ‘suoneordwod ‘snosuenogns “ordodsopug Apms
[eOMUID + SN) g siqndexdns ~doysod wod 7 < eruiey osesido (wd Z< eruioy) 110402 (S102)
l/11 %0 sypuowr Og UL BWOIAS  “9JBI 0UALINORY 10 [edIIqUIn PIM NV IA ad'av ¥'LT 9'LE I 2andadsold  ZI0Z-110C V1 opHed
(u
/33 (s1eak)
QWodIN0 AAVAEA Jo 2dA e 2By =N (uoneorqnd
Kyenb 9, el (POyIRIN) S)[nsal 1o/pue Krepuooas Apnys pourad Jjo
Apmg QOUALININY pourad dn-morjoq suonesrdwo) pue Arewig UONUIAIIUL uonendod Jo odA], Apmis 189K) 0Ny

penunuod g dqe],

pringer

A's



1
494
49

—49.

14934
(2017) 31
dosc

En

Surg

ies.
e Stud- h
jgues in fiv hic
chniq ted i of w
on te reported in Sahoo
licati ere ain, of he
f p ions w ive p dy tt
0, . on f1v stu d a
Results licati e T lustere [15].
P 08 %. clu ;
ive com p 10 issue ication
rative bserved round ft tissu ic plicat I open
5 stope ies o of a of so scopi afte ur-
4 9 Po stud idence lus aro nce rec
- g = g) Three incide sa Surpf the lap recurred scribe peri_
L = s = ‘g .8 n A% 0 a € X
s .2 g o = ort a ly sho esult rted not ients e ing
b 5 > .5 3 S repl clear ydirectr e repo does R patl forc
<27 z 3 t al. a die icle hre sion, ere
g9 S 5 E & <L € ine as 1X stu arti tt tru S Wi
S o 2 = S idline X inal ibe tha ith pro ient
s > 2 = E 2 ld S . 1na. be thp tie
° Z g Z = i= m the 18 1 1 pa
< ﬁ£§®o§‘a f or sc 1w se
z 2 S5% % e o he desc wa he
ek £ 5 . 3 S 2 on ation. T ad theybdomlnal binder. TM
= 5| B‘“""Q:’ lic inste al inal AM.
& = 5 g g 2 p n he na DR
g3 8 S v 2 s ity of mi t
! 3 @‘? E 5 2 rencz iaxlty © an abdo recurren .
: : 2z g gE S% enee to wear having a ues hnique in
2B = < =] : S iq n
E e < S 20 L them d a chn ir tec from
5 - - = (& ir te 1r
gE g3 53 p £ interpret repair ¢ nia repa st st“dydline
s 8 = 5.2 8 ia er fir mi
ey SEE 185} fied hern dified) l;2] nts with & hnique
= 5 - 55 5 < < i (0] " C _
B 23 g 3 §~ § R 3 = Modi sed a (lil’l 2) [21, patlentshevrel tehe mus
o ~ ) ] > 2 & 3 = s s u ble e C t intact
2 P < S 9z = k= 3 icle Ta elv ified ves nta
: : E% § & Qé c: EE 2 Two arti atients (luded tw modifi ique le.a al wall %S not
5o 22 mm$b~®w p inc d a hn n ia i
3 f 5 o 2 g . Eu S RAM L i me d tec bdom fasci d
£ 2 = ag s 5 3 0 D io et a rfor ifie 1 a us fasc d an
:2 ; SEsfi 5 & fneto et al " The "ot the vonra plor recus reiscs and
== 2 ZES 2E 3 g tasis 1 f ste ia
. . ity o 0 SC1 tus
g et S 8 gz dias [2 inuity the p fa rec
g g ] £ E g ° ig. 2C) tinuity or ctus ior
g¢ gz 8 S0 < 1g. ~L 1 con 1ty ior re ter Ss
o ., 2 S 3 = Q2 . F a av or 0S le
52 EE 2 g3 g i E (ulofascldomin‘ri1 (t:he antert I new p da me;h the
bR g3 vea;a:‘a ¢ ab d ide ised. ribe hic .
= = = m = ° S 2 & the tead, aw incise desc in w ia is
= S g E3 2 0 as Ins rm t in 1. ir in cia
53 : Zzt SEo 2 ened. to for is not ev et a o et o tus
© S g ﬁ‘é g2 §§ s oP urned idline f Gire ppa r r rect ior rec 6
s o . R O 'O 11 l
2 coh 2. S vert ident m dy o —St eri te 8/
8 = PR S S Y 0 den tudy ives ost an as
£2 3 2383“’5“ he wi nd s Ri he p The ies W ireev
252 - R 2 T seco the dt sty. tudie Gire
EM, 283 ‘awsw‘:"ﬁ The ion of ised an pla th s by -
Sg 2 3 s 3 5 0 = — tion cise ing f bo ibed ula
gS g & 5 33 e ZES S ifica is ex lapp ity o scr pop
55 5 22z 5 odi is er ali ion de the 983
ES’ g £z 'ngo M m ia sac oV Qu t10n_ 1to 1
E8% 5§ 5% g2 o 9= . 1a sac an 22]. ula tica from -
& 2 g E 5 gz 5= hern sing d[ op iden om
Z u se he p i oup, c
33 R $% e £< 3 S red clo T was 1del gr ere is
g 8 £ g Lo = J o b sutu is then : CIY'. ion cir ions wi in th
g 2 E ER E £ 2 £ 8 5 2 fascia is trespecuVpubhcau- ns of thbliCatlon once 1n
S = 23 ] = k) s 3 icatio u
,Ssym, 2 3 ;S 2K /16, 97 at p ly
= mA—AS,g QME.Elﬁm‘. 3 19 lic ce on
e =2% C 5 BZSg gz and in the ior pubhese thr cluded
= ~~“ %ngtgo t al. o pr . T d in
EE-EGSQ‘- :Usbewa e in tw 3, 24 € an
5 i 22 S8 i 1904 2 referenc
E & =R =204 bncd i one s tion in
k= o g 1 ique.
g g s 58 2 g bined techniqu ma formal only
= —_ ! ~ N . . ; al.
i 5 & S 3 5 g g 8i review ia repair hed SerO_ cev et id not
= z ) 25? s g o f hernia describ of Glrh ugh d Both
8 S o =N o
P 23 S o= < 2 - ts o al. dy t 2].
2 @ § ) =8 %z Resul Angio et The Stlllications’ cripts [2 ved no
S : < = o ion. S er
It < = <3 =8 £ 8 of lation omp ) anu obs
<3 S S > g5 dy u Y 1r m d
> IS Q 2] O stu . op Tm in the an
£ 2 %< Eg 5 he 1Ir p t-te n hs
o =5 Z 32 Z"QE' sz of theine Shorlicationsf 24 mont
S B~ z <9 S = 6 & 7% dn p o
2 Sz 5 8 E te om R
&Y & KL Z = repor these ¢ llow-up M
ﬁ‘g%%‘a‘évﬁ ecify d a fo f DRA
2 o bt §° E B4 Spec ha ir o
g : 9\l S 1
TP Hibr i sudies had ined repa and one
<2 B g2 g . IT i ies
23 E g E g8 fecu r comb nia S€ serne ents for
gl . o ek . 22 E g iques fo line her ctive ca I treatm ble 2)
s 2 z B gL A hni id spe ica ias (Ta
= i © @ 2o g 2 Tec 11 m tro urg as
E] e 3 o g = = a re ibed s i
2, = g 3] = § m. (] be he
S| = 5o S - 2 ds ich fiv 11 ine
€ 2 28 52 s R an hic desc idlin
2 = - n
e EERL 52 & ies, of w study, all mi
0 5] =z 3 3 [T tudies, hort ith sm
} f 3@5:@,5% Six s tive co ed wit
] = .S —_ ) :
) 2352 557 rospec sociat
> 2 S o B2 2 p as
& < g 23 2= ¢ RAM
%§e§§&e P
¢ g ]
3 & S g as £ é o
g2 8= L S5 Q<
b5 g £ o) = g g
2| & = =~ S E
% . ,g 5? *
o 2 g £
~ g 8 &
< 5 5
S| E 5 &
S|z
H

inger
5



4942

Surg Endosc (2017) 31:4934-4949

Fig. 2 Illustrations of surgical
interventions. Four main
surgical interventions for
treating DRAM. A laparoscopic
plication of the entire midline
with mesh reinforcement,
performed in 59 patients;

B open plication of the posterior
rectus fascia, performed in 254
patients; C modified Chevrel
repair, performed in 52 patients;
D Rives-Stoppa like repair with
or without mesh reinforcement,
performed in 948 patients

A B

el e Nl
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[6, 25-29]. The total number of patients in this section was
1.210. Quality of the included studies was low-to-moderate
as one studies scored 11/16 and the remaining MINORS
scores ranged from 3 to 5.

Two studies included both umbilical and epigastric
hernias. Four studies included small umbilical hernias.
Hernia repair in five out of six studies consisted of suture
closure of the hernia sac combined with mesh reinforce-
ment. The oldest study (1990), of Ranney et al., describes a
modified Rives—Stoppa repair without mesh reinforcement.
Four studies described open techniques, mostly resembling
either modifed Chevrel or Rives—Stoppa procedures
(Fig. 2C, D respectively). One described an endoscopic
procedure in the anatomical plane between the subcuta-
neous fat and the anterior rectus fascia, with plication of
the midline and onlay mesh reinforcement. One described a
hybrid version in the same plane, which resembled a
modified Chevrel repair, performed partially endoscopic,
with onlay mesh reinforcement.

Results of combined repair DRAM and midline hernia

Five of the six studies reported on postoperative compli-
cations [6, 25-28]. Two of these studies encountered no
postoperative complications, and the remaining three
encountered only minor (Clavien-Dindo I-II) postoperative
complications. The majority of minor complications were
seromas, with an incidence ranging from 2.5%, reported by
Kockerling et al. to 23%, reported by Bellido et al. [6, 26].

Follow-up was only reported in two studies and ranged
from 20 months to 14.8 years. Only one recurrence was
observed during the follow-up in the study of Privett et al.
in a patient with a combined DRAM and umbilical hernia
[28]. They mentioned that open repair with preperitoneal

@ Springer

placement of mesh without approximation of the rectus
fascia (resembling a bridged repair) leads to fluctuating
cosmetic results, since protrusion of DRAM may still be
present after mesh placement.

Physiotherapy

Six studies evaluated the effect of a physiotherapy inter-
vention on IRD in a total of one hundred postpartum
women. Two RCTs, two prospective uncontrolled trials,
and two case reports were included in this section (Table 3)
[5, 30-34]. All studies focussed on females at different
postpartum intervals, ranging from one month to three
years. Scientific quality of the included studies was mod-
erate with MINORS scores ranging from six to nine for the
non-randomised studies, and a Jadad score of 7—11 for the
included RCTs. See Table 4 for results of The Cochrane
risk of bias tool.

Training programme

One case study used a single exercise (prone kneeling) to
train the patients [33]. Two studies used general (not fur-
ther specified) strengthening exercises for the abdominal
wall, hip, and trunk muscles [5, 32]. The remaining three
studies used the head lift exercise, combined with pelvic
lock or pelvic tilt exercises [30, 31, 34].

Frequency of the training programme varied between
the studies. One study let patients train on their own and
the frequency of the exercise during the training pro-
gramme is not reported [33]. The remaining studies used
counselling of a physiotherapist to train patients in allo-
cated training sessions. Frequency of the programmes
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Table 4 Cochrane risk of bias tool results

Emanuelsson 2016
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varies from one time per week, to five times per week. The
total number of sessions patients had to participate ranged
from 4 to 40 sessions.

Outcome measurement

Five out of six studies included IRD as an outcome
parameter. IRD was measured with a total of four different
instruments (ultrasound, tape measure, palpation, and dial
caliper). Three studies assessed IRD with two instruments
simultaneously [31, 32, 34]. Overall, three studies used
palpation as measurement for IRD, two studies combined
palpation with tape measurement, or dial caliper mea-
surement. One study used only tape measurement [33], and
one used only palpation [30]. Two studies did not report if
the IRD measurement took please during muscle contrac-
tion or relaxation. The remaining three studies reporting on
IRD all measured IRD during muscle contraction. Four of
the five studies measuring IRD reported the location of
IRD measurement. One study measured at the umbilicus,
two studies measured two centimetres above and below the
umbilicus, and one measured four-and-a-half centimetres
above and below the umbilicus.

Results of physiotherapy training programme

Five out of six studies reported IRD as outcome mea-
surement. Follow-up in all studies was performed directly
after the training programmes ended. Hence, follow-up
ranged from 2 weeks to 4 months. Five articles reported

¢

+’ = low risk of bias

IRD as their primary outcome and all reported a decrease
of IRD during the exercise programme. Both case reports
describe IRD values below 22 mm during muscle con-
traction, after completion of the training programme.

The article of Emanuelsson et al. measured QoL using
the SF-36 questionnaire and report that 87% (n = 26) of
the patients were unsatisfied with the results of their
training therapy and opted for surgical intervention after
completion of the training programme.

Discussion

Diastasis of the rectus abdominis muscles is a common
problem. If not treated as part of an abdominoplasty in the
field of plastic and reconstructive surgery, there is a lack of
consensus on the preferred treatment of DRAM. Apart
from conservative therapy, operative intervention and
physiotherapy are the most frequently reported treatments
for DRAM. This review provides an overview of the results
of these interventions.

The overall quality of the included studies was low-to-
moderate, combined with limited scientific power since
only five prospective studies were included, of which two
were RCTs. For this reason, meta-analysis of the included
studies was deemed unfit. As stipulated by the review of
Hickey et al. in 2011, indication for DRAM repair has
different considerations compared to ventral hernia repair,
despite the clinical similarity between the two entities [35].
Indication for DRAM repair is most often based on

@ Springer
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cosmetic or functional impairment, as DRAM poses no risk
of strangulation. Therefore, the cosmetic results of a sur-
gical technique or physiotherapy training programme,
along with other patient reported outcomes (PROs), should
be an important outcome of scientific studies. Remarkably,
cosmetic outcome was only included in one study, and
measured subjectively with an instrument that was not
validated. Other PROs were not measured in surgical
publications and only reported twice in physiotherapy
studies.

Surgical technique

Based on the published literature, the surgical techniques
available for DRAM repair are either plication-based or
hernia repair-based. The plication-based techniques include
open plication, laparoscopic plication, or hybrid plication
of either the anterior or posterior rectus fascia. Based on
the results of this review, there is no clear difference in
postoperative complications between these methods.
Nearly all studies that described a plication technique used
interrupted sutures and mesh reinforcement, which could
account for the low recurrence rates, though comparative
data are not available. The plication techniques can leave a
surplus of skin directly after surgery, as described in the
study of Sahoo et al., though due to the lack of cosmetic
outcome measurement no evidence-based statements
regarding the cosmetic postoperative appearance can be
made [15].

Hernia repair techniques can be used for DRAM treat-
ment. The musculofascial continuity of the ventral
abdominal wall is an important anatomical structure to be
considered during DRAM repair. If the midline is incised
and the continuity is disturbed, the risk of incisional hernia
formation and subsequent risk of strangulation will become
larger, though alignment of the rectus muscles could be
easier. The current evidence is of insufficient quality to
detect differences between techniques that preserve the
musculofascial continuity versus techniques that incise the
midline. Hernia-based techniques for DRAM repair are
often modifications of the original Chevrel or Rives—
Stoppa techniques [21, 36, 37].

An important reason for DRAM patients to seek medical
attention is the cosmetic impairment they experience.
Despite the importance of cosmetic results, the majority
(85% of patients) of published literature in general surgery
for DRAM concerns open procedures. Recently developed
hybrid techniques such as the ELAR plus described by
Kockerling et al., the endoscopic midline plication by
Bellido et al., or the eMILOS by Reinpold et al. could
increase the number of minimally invasive procedures in
the DRAM population [6, 26, 38]. These procedures are
promising variations of classic (open) hernia repair
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techniques that respect the anatomical myofascial conti-
nuity of the ventral abdominal wall, and leave only mini-
mal scarring, without risk of incisional hernia formation
because the abdominal cavity is not opened. Given the
recent invention of these techniques, the amount of pub-
lished data is limited and with short follow-up. The study
of Reinpold et al. unfortunately had to be excluded since
the article did not describe critical data about the study
methodology or the population [38]. Nevertheless, the
technique seems to be promising for DRAM treatment.

It was not possible to isolate any difference in outcome
between male and female patients of the included studies
due to quality and reporting limitations of the included
studies. It is the author’s opinion that the pathophysiology
between males and females, or between type A/B and type
C/D DRAM is different. The A/B type DRAM may be
based on a physiological response during pregnancy, when
collagen is remodelled under the influence of the hormone
‘relaxin’ to allow widening or strentching of the midline
that is not corrected properly after pregnancy [39, 40]. In
males, or type C/D DRAM, genetic predisposition or
altered collagen 1:3 ratio’s may have a more pronounced
role.

Physiotherapy

The literature regarding physiotherapy interventions is
heterogeneous in nature and of low quality. The type of
exercises used to reduce IRD, the frequency of the exer-
cises, the total number of sessions within a training pro-
gramme, and the instruments used to asses IRD vary
greatly amongst the included studies. For instance, the case
study of Litos et al. informed their patient to avoid
abdominal exercises that could increase IRD by recruit-
ment of the transverse abdominal muscles, such as sit-ups,
crunches, and rotational trunk exercises, whilst other
studies from Ramesh et al. and Walton et al. target
specifically the transverse abdominal muscles with these
exercises to reduce IRD [31, 32, 34]. The included studies
only report on postpartum women (type A, B), making
translation of the results to men and type C and D DRAM
difficult, if not impossible.

Brauman et al. has investigated the clinical anatomy of
DRAM and reported that DRAM is not only associated
with a gradual thinning and stretching of the linea alba, but
also by a laxity of the ventral abdominal musculature [1].
Considering Brauman’s findings, physiotherapy could play
a role in treating the laxity of the ventral abdominal
musculature.

Despite the potential benefits of physiotherapy, current
literature does not describe the successful treatment of
rectus diastasis nor a reduction of IRD measured in a
relaxed state. Since diastasis rectus is defined as a
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separation of the rectus abdominis muscles as measured in
a relaxed state, we must conclude that the currently
available evidence does not describe the successful treat-
ment of rectus diastasis after a physiotherapy training
programme. Physiotherapy was able to moderately reduce
IRD during muscle contraction. The impact of these results
on quality-of-life or functional outcome is currently
unknown, as is the sustainability of these results after a
follow-up exceeding four months. Based on the study of
Emanuelsson et al., physiotherapy alone is unlikely to lead
to satisfying functional and cosmetic results [5]. Ema-
nuelsson et al. compared DRAM patients treated with a
physiotherapy training programme with patients whom
received abdominoplasty for DRAM in a randomised
controlled trial. Eighty-one percent of the patients in the
training group were unsatisfied with their functional and
cosmetic appearance at the end of the programme and
opted for surgical intervention after the trial ended.

Physiotherapy could be an alternative to surgery for
patients who are unable or reluctant to undergo surgical
intervention. Surgical treatment only corrects the widening
of the linea alba and will not influence the general laxity of
the ventral abdominal wall. Therefore, physiotherapy could
be a useful addition to surgical intervention for DRAM, to
achieve satisfying functional outcome.

limitations

Most of the included studies were performed in postpartum
women (rectus diastasis type A and B), reducing the trans-
latability to men and rectus diastasis type C and D. Most of
the included studies were retrospective and non-comparative
in nature, reducing the scientific power of the review. The
quality of the included studies according to the MINORS
criteria was low; this is in part due to the ‘how-to-do-it’ type
of publication which describes surgical techniques in sci-
entific journals. These articles only include a small popula-
tion, limiting the description of the randomisation, inclusion,
end point, and blinding methods. Moreover, the MINORS
score is sensitive for retrospective studies, as a retrospective
study will automatically lose four out of sixteen points. Due
to the low quality of the included studies, gender differences
could not be isolated from the included population. Despite
the above-mentioned limitations some general recommen-
dations and conclusions can be drawn from this review.

Considerations for DRAM treatment
DRAM is not a hernia

The continuity of the myofascial anatomy in the ventral
abdominal wall is what sets DRAM apart from an

abdominal wall hernia. There are endoscopic, hybrid, and
open techniques available that leave the anatomical
myofascial continuity intact, and could potentially protect
the DRAM patient from the risk of incisional hernia for-
mation in case of a failed repair. Whether these techniques
have any cosmetic or functional advantage over traditional
hernia repair techniques, and if there is indeed no risk of
incisional hernia formation, is currently unclear.

Align and use mesh

For the repair of DRAM (without midline hernia), plication
techniques with mesh reinforcement and interrupted
sutures are most frequently used to reconstruct the ventral
abdominal wall. Only using mesh reinforcement without an
approximation of the rectus fascia of some sort, may lead
to unsatisfying cosmetic results. Other minimally invasive,
hybrid, or open techniques are promising and can be used,
though long-term results and comparative controlled data
are not available.

Evaluate what is important for the patient

The current body of evidence focuses primarily on recur-
rence rates. It is well known that the risk of recurrence is
not the most important variable for the patient. Instead,
PROs such as postoperative pain, cosmetic outcome, and
functional result are variables that directly concern the
patients’ wellbeing. The use of PROs is low in both hernia-
and DRAM-related research, and should be increased
during the coming years [41].

Cosmetic outcome is important

Cosmetic impairment is an important factor for DRAM
patients to seek medical attention. Therefore, cosmetic
result of a surgical intervention is of high importance in the
DRAM population. Which surgical procedure (endoscopic,
hybrid, laparoscopic, or open) has the most satisfying
cosmetic outcome is not yet evaluated.

Consider physiotherapy

Physiotherapy is unlikely to completely treat DRAM, since
cases in which IRD was reduced to normal during a relaxed
state are currently not described in literature. However, a
moderate reduction in IRD during muscle contraction is
reported. Whether this has an influence on functional out-
comes or quality-of-life is not described. Physiotherapy
combined with surgery could potentially have favourable
results over surgery alone, this combination of treatments is
currently not investigated. Moreover, patients that are
reluctant or unable to undergo surgery may be referred to a
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physiotherapist for strengthening exercises of the abdomi-
nal wall.

Recommendations for future studies

The authors would like to recommend future studies
reporting on the efficacy of any DRAM repair to include
PROs such as cosmetic outcome, quality-of-life, and work
impairment, measured with a validated questionnaire (Eu-
raHS QoL, COMI-Hernia) as their primary outcome, and
IRD or recurrence rate as a secondary outcome. Both
should be measured using an objective tool (dial caliper or
ultrasound), as finger palpation should not be used for
scientific outcome reporting [42]. The location of mea-
surement and the cut-of value should be standardised for
patients’ age, location of measurement, and pre- or post-
partum status according to previously published classifi-
cations [2, 42-44]. IRD should be measured whilst the
rectus abdominis muscles are relaxed, as references values
of normal midline width and DRAM classification
are measured/based on measurements during muscle
relaxation. Based on the pathophysiology described by
Brauman, the combination of physiotherapy and surgical
repair has great theoretical potential to solve both the
anatomical divarication and the laxity of the ventral
abdominal muscles [1]. The authors recommend that future
RCTs focus on the combination of surgery and physio-
therapy for the repair of DRAM.

Conclusion

Published literature on surgical treatments for rectus dias-
tasis is of low scientific and methodological quality. Both
plication-based methods and hernia repair methods are
used for DRAM repair. Based on the current literature, no
clear distinction in recurrence rate, postoperative compli-
cations, or patient reported outcomes can be made. DRAM
is most frequently repaired using plication techniques
combined with mesh reinforcement. Current literature does
not describe the successful treatment of DRAM or a
reduction of IRD in a relaxed state following physiother-
apy. Physiotherapy can achieve a moderate reduction in
IRD during muscle contraction, though it is currently
unclear if this has any positive effect on quality-of-life or
functional outcomes.
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