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Defined as widening of the linea alba along 
its length and separation of the rectus 
abdominis muscles at midline, abdominal 

rectus diastasis is a common condition encoun-
tered by both plastic and general surgeons.1 Rec-
tus diastasis is a result of laxity of the abdominal 
aponeurosis,1 usually caused by increased intra-
abdominal pressure from pregnancy,2 obesity, or 
advanced age.3 Although a separation of the rectus 

muscles of more than 2 cm is commonly consid-
ered pathologic, there is a lack of consensus on 
what constitutes a normal linea alba, and thus 
what is a true diagnosis of rectus diastasis.4,5 To 
further complicate the diagnosis, the physiologic 
interrectus distance varies along the length of the 
abdominal midline. A recent review by the Inter-
national Endohernia Society proposed classifying 
rectus diastasis according to its location along the 
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midline: subxiphoid, epigastric, umbilical, infra-
umbilical, or suprapubic.6 They propose classify-
ing rectus diastasis according to its size: a width of 
less than 3 cm is mild, 3 to 5 cm is moderate, and 
more than 5 cm is severe.6 Although not a true her-
nia, rectus diastasis is clinically associated with a 
protruding abdomen, which may conceal a ventral 
hernia. The paucity of data regarding the repair 
of rectus diastasis and its functional sequelae is 
evident by its classification in the CPT coding as a 
solely cosmetic procedure and therefore not cov-
ered by the vast majority of insurance plans in the 
United States.7

Rectus diastasis results in the loss of integrity 
of the intraabdominal wall, causing aesthetic dis-
satisfaction, functional impairment, and mus-
culoskeletal pain. Furthermore, it can cause 
abdominal protrusion, which has been linked 
to weakness and instability of the trunk and the 
pelvic muscles, and increases spine and pelvic 
vulnerability to injury.8 Moreover, rectus diastasis 
has been shown to strongly correlate with an over-
all negative body image.9 When left untreated, 
rectus diastasis is often a permanent deformity 
associated with an increased risk of developing a 
midline hernia.6,10

Current treatment methods of rectus diasta-
sis vary on a wide spectrum ranging from con-
servative physiotherapy to surgical procedures, 
with varying degrees of invasiveness.8,11 There 
are currently no guidelines dictating when rec-
tus diastasis should be repaired; however, treat-
ment is commonly performed at the same time 
as abdominoplasty and hernia repair to improve 
function and aesthetic result.12,13 With the rapid 
development of open and minimally invasive rec-
tus diastasis repair techniques, the evidence is 
lacking with regard to their comparative efficacy, 
complication profile, and recurrence rates. As 
such, it is difficult for both surgeons and patients 
to make evidence-based and informed decisions 
with regard to repair options.

In this review, the authors aim to provide 
an updated report on the current state of rec-
tus diastasis surgical repair. The primary goals 
of this article are to present a comprehensive 
overview of all surgical rectus diastasis repair 
techniques, and to compare complication pro-
files and recurrence rates of open and laparo-
scopic approaches. The secondary goals of this 
study are to provide accurate pooled analyses of 
complication and recurrence rates for different 
repair techniques and compare variables such as 
suture absorbability and layer closure (single- or 
double-layer repair).

PATIENTS AND METHODS

Search Strategy
A systematic search of the National Library 

of Medicine (PubMed), Embase, and Cochrane 
Library databases was conducted to retrieve all 
available literature regarding rectus diastasis surgi-
cal management techniques. The search strategy 
used in PubMed was the following: (divarication 
OR diastasis OR plication) AND (recti OR rectus 
OR abdomen OR abdominal OR abdominis). The 
other databases were searched by means of similar 
search strategies.

In compliance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses, 
two independent authors reviewed each search 
result against the inclusion and exclusion cri-
teria. After removal of duplicates, the articles 
were first screened using titles and abstracts. The 
remaining articles underwent a full-text review. 
Any discrepancies between the two reviewers 
were resolved through discussion and consensus. 
Included were articles in English that discussed 
the surgical management of rectus diastasis and 
reported on either outcomes, complications, 
or recurrence rates. Excluded were articles that 
grouped patients with and without rectus diasta-
sis, without performing a subanalysis of outcomes 
or complication/recurrence rates. Articles with 
fewer than seven cases were excluded. Finally, 
animal, cadaver, and biomechanical studies were 
excluded.

Data Collection and Quantitative Synthesis
Data extracted from each article included 

type of study, surgical approach (open and/or 
minimally invasive), rectus diastasis repair tech-
nique, associated ventral hernia repair, use of 
mesh reinforcement, patient population, repair 
outcomes, complications, and diastasis recur-
rence rates. Pooled analyses of complication 
and recurrence rates were performed to com-
pare open and minimally invasive rectus diastasis 
repairs. Furthermore, for each surgical method 
(open or minimally invasive), the data were fur-
ther stratified based on the presence of a her-
nia repair, the absorbability of sutures used (i.e., 
short-acting absorbable, long-acting absorbable, 
or nonabsorbable), and finally whether the recti 
were repaired by means of a single- or a double-
layer suture closure of the abdominal fascia. To 
avoid overestimating/underestimating complica-
tion and recurrence rates, any study that did not 
explicitly report on these variables was excluded 
from the pooled analyses. Chi-square and Fisher’s 
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exact tests were used to assess for significant differ-
ences between complication and recurrence rates 
with regard to the variables of interest. For statisti-
cal assessment of significance between outcomes 
with regard to surgical approach, t tests were used. 
Relative risks with 95 percent confidence intervals 
were analyzed. The significance was set to a 95 
percent confidence level (p < 0.05). The statistical 
analyses were performed using IBM SPSS Version 
25.0 (IBM Corp., Armonk, N.Y.).

RESULTS
The initial search yielded 1096 articles, of 

which 48 were identified as duplicates. The 
remaining 1048 studies were screened against the 
inclusion/exclusion criteria using the titles and 
abstracts. Of 90 articles selected for full-text review, 
37 were included for data synthesis (Fig. 1).

A total of 24 studies (1253 patients) described 
31 technical variations of an open repair 
approach,9,14–37 whereas 14 articles (608 patients) 

Fig. 1. Search and screening process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines.
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described laparoscopic repairs.37–50 Rectus dias-
tasis repairs were performed by both plastic (21 
studies) and general surgeons (13 studies). Open 
repairs were performed mainly by plastic surgeons 
(82 percent of open repair studies), whereas lapa-
roscopic repairs were performed mainly by gen-
eral surgeons (75 percent of laparoscopic repair 
studies). Abdominoplasty was the primary indica-
tion for surgery in the majority of studies (n = 20).

The majority of rectus diastasis repair tech-
niques, whether open or laparoscopic, consisted 
of either a single- or double-layer suture closure 
of the rectus fascia. Although minor variations 
existed between the individual study techniques, 
single-layer closure usually consisted of either 
running or interrupted horizontal/triangular 
mattress suturing. Double-layer closure consisted 
of an initial layer of simple-interrupted suturing 
followed by a second layer of running suturing, 
or two layers of running suturing. The most com-
mon type of suture used for rectus fascia repair 
was nonabsorbable. Specifically, of the 30 open 
techniques that mentioned the suture type, 18 (60 
percent) used nonabsorbable, 11 (37 percent) 
used absorbable, and one (3 percent) plication 
technique used staples. Of the absorbable sutures, 
long-acting polydioxanone was more frequently 
used compared to short-acting Vicryl (Ethicon, 
Inc., Somerville, N.J.) (72.7 percent and 21.3 
percent, respectively). Furthermore, of 11 lapa-
roscopic techniques that stated their suture type, 
nine used nonabsorbable sutures (82 percent), 
one used long-acting absorbable polydioxanone 
(9 percent), and one used a combination of long-
acting absorbable and nonabsorbable sutures  
(9 percent). A description of each study’s rectus 
diastasis repair technique and reported complica-
tions are presented in Tables 1 and 2. [See Table, 
Supplemental Digital Content 1, which shows rec-
tus diastasis (RD) open repair techniques along 
with their associated repairs of complication and 
recurrences, http://links.lww.com/PRS/E240. See 
Table, Supplemental Digital Content 2, which 
shows rectus diastasis (RD) laparoscopic repair 
techniques along with their associated repairs of 
complication and recurrences, http://links.lww.
com/PRS/E241.]

On average, the surgical time for open repairs 
was significantly higher than for laparoscopic dias-
tasis repairs: 162 minutes compared to 87 minutes 
(p < 0.001). However, it is important to note that 
this time refers to the total surgical time and not 
the time spent on rectus diastasis repair only. 
Open techniques were associated with an aver-
age length of hospital stay of 3.3 days, whereas 

laparoscopic techniques were found to be associ-
ated with a length of stay of 2.7 days (p = 0.237). 
With regard to patient satisfaction and postop-
erative pain, both outcomes were challenging to 
quantitatively analyze because they were often 
measured using different scales in different stud-
ies. However, qualitatively both laparoscopic and 
open techniques were generally associated with 
very high patient satisfaction and “well-controlled 
pain” (Tables 3 and 4).

The most commonly reported complications 
were the following: seroma, dehiscence/necrosis, 
bleeding/hematoma, infection, chronic pain/
neuralgia, thromboembolic events, and others. 
A pooled analysis of total and specific complica-
tions showed that open surgery rectus diastasis 
repair was associated with a statistically signifi-
cant lower total complication rate compared with 
laparoscopic surgery (12.3 percent at follow-up of 
24.6 months and 16.0 percent at follow-up of 13.4 
months, respectively; p = 0.037). The most com-
mon type of complication in both open and lapa-
roscopic rectus diastasis repair was seroma (4.4 
percent and 8.2 percent, respectively; p = 0.002) 
followed by dehiscence/skin necrosis (1.9 percent 
and 2.1 percent, respectively; p = 0.856). Notably, 
although thromboembolic events were very rare, 
they were only associated with open rectus diasta-
sis repairs (Table 5). Laparoscopic rectus diastasis 
repairs were usually in the context of a herniorrha-
phy: 53.2 percent of laparoscopic rectus diastasis 
repairs were performed alongside a hernia repair, 
whereas only 12.4 percent of open rectus diasta-
sis repairs were performed with a herniorrhaphy. 
Because a ventral hernia repair constitutes a sig-
nificant cofounding factor on surgical complica-
tion and recurrence rates, a qualitative subanalysis 
was performed. After controlling for this variable, 
open repair techniques were still associated with 
fewer complications in subpopulations of patients 
both with and without hernia repair (p = 0.165 
and p = 0.133, respectively) (Table 6). Finally, 
there were no differences in total recurrence rates 
in open and laparoscopic rectus diastasis repairs 
(1.1 percent at follow-up of 24.6 months and 0.3 
percent at follow-up of 13.4 months, respectively;  
p = 0.136). The subanalysis of rectus diastasis 
recurrence rates performed controlling for asso-
ciated hernia repair also showed no statistically 
significant difference between open and laparo-
scopic repairs (Table 6).

Single-layer suture closure was associated 
with a significantly higher complication rate than 
double-layer plication in open rectus diastasis 
repairs (p = 0.002). In laparoscopic rectus diastasis 
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repairs, a single-layer closure was associated with 
a higher complication rate compared to double-
layer plication, but the difference was statistically 
insignificant (p = 0.320). Moreover, there were 
no significant differences in recurrence rates 
between single- and double-layer suture closure 
in both open and laparoscopic rectus diastasis 
repairs (p = 0.697 and p = 1.000, respectively). 
Finally, regardless of the rectus diastasis repair 
approach, the absorbability of the suture used did 
not have a statistically significant effect on compli-
cation or recurrence rate (Table 6).

DISCUSSION
This literature review presents an evidence-

based, comprehensive summary of all surgical rec-
tus diastasis repair techniques and quantitatively 
compares them. After controlling for an associ-
ated herniorrhaphy, the results demonstrate that 
there are no significant differences between open 
and laparoscopic approaches with regard to com-
plication and recurrence rates. Furthermore, 
although the absorbability of the suture type used 
had no effect on either complications or recur-
rence rate, a double-layer closure of the rectus fas-
cia was associated with fewer complications than 
a single-layer closure, specifically, in open rectus 
diastasis repairs.

Overall, both open and laparoscopic approaches 
for the repair of rectus diastasis were found to be safe 
and effective as evidenced by the low recurrence 
and overall complication rates. In the quickly 
evolving field of minimally invasive surgery, novel 
laparoscopic techniques are often being chosen 
over open surgical procedures. Although open 
surgery provides better visualization of the sur-
gical field and fewer intraoperative challenges, 
minimally invasive surgery is commonly associ-
ated with fewer postoperative complications—
most notably, postoperative pain, earlier recovery, 
increased patient satisfaction, and a smaller scar.51 
As the majority of patients seeking repair for 
their rectus diastasis are seeking functional and 
aesthetic improvement, a laparoscopic approach 
can potentially offer a better cosmetic outcome 
with smaller scars than the traditional open inci-
sion.52 Novel minimally invasive techniques, such 
as the one described by Bellido et al., demonstrate 
that rectus diastasis can be repaired using a com-
pletely endoscopic technique with very minimal 
scarring.13 Furthermore, a recent study has dem-
onstrated good cosmetic outcomes after rectus 
diastasis repair using robotic surgery.53 However, 
none of the aforementioned minimally invasive 
approaches involved skin resection. Given that 
many patients also seek excess skin removal in 

Table 6. Pooled Analysis of Total Rate of Complications and Recurrence of Open and Laparoscopic Rectus 
Diastasis Repair Techniques Stratified Based on Presence of Herniorrhaphy, Type of Layer Closure, and Suture 
Type*

Rate of Complication Rate of Recurrence

Open (%) Laparoscopic (%) Open (%) Laparoscopic (%)

Associated hernia repair     
  Yes 155 (10.97)  323 (15.79) 102 (0) 323 (0.31)
  No 880 (12.50) 285 (16.10) 614 (0.98) 197 (0)
  p† 0.690 0.901 0.602 1
  Relative risk 0.88 0.98 0.46 1.83
  95% CI 0.54–1.42 0.68–1.41 0.03–8.09 0.08–44.8
Suture closure     
  Single-layer 529 (15.3) 520 (16.3) 508 (1.0) 380 (0.3)
  Double-layer 506 (9.1) 114 (12.3) 208 (1.4) 26 (0)
  p† 0.002 0.320 0.697 1
  Relative risk 1.68 1.33 0.68 0.21
  95% CI 1.20–2.37 0.79–2.26 0.16–2.83 0.009–5.10
Suture type     
  Long-acting absorbable‡ 150 (15.3) 20 (15) 162 (0.62) 67 (0)
  Short-acting absorbable§ 106 (9.4) N/A 62 (0) N/A
  Nonabsorbable‖ 758 (10.8) 464 (14.4) 492 (1.02) 379 (0)
  p† 0.251 1 0.668 1
  Relative risk N/A 1.04 N/A 5.59
  95% CI N/A 0.36–3.02 N/A 0.11–279.3
N/A, not applicable.
*n = total number of patients included in pooled analysis.
†Measured using either χ2 test or Fisher’s exact test based on sample size.
‡Long-acting absorbable sutures include polydioxanone and Quill polydioxanone.
§Short-acting absorbable sutures include Vicryl.
‖Nonabsorbable sutures include nylon, polypropylene, Quill polypropylene, Ethibond, Tavdek polyester, and Vloc PBT.
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addition to rectus diastasis correction, this must 
be taken into account when selecting the most 
appropriate technique to suit the patients’ needs 
and desires.

There is a lack of consensus with regard to the 
optimal suture type with which to plicate the rec-
tus abdominis sheath. The data presented in this 
review show that although both absorbable and 
nonabsorbable sutures are appropriate for rec-
tus diastasis repair, the latter are more commonly 
used. The common concern is that absorbable 
sutures will not have enough tensile force to with-
stand the opposing forces of the rectus muscles. 
Both this review and previous literature compar-
ing nylon (nonabsorbable) and polydioxanone 
(long-acting absorbable) sutures demonstrate that 
there is no difference in recurrence or complica-
tion rates between the suture types at long-term 
follow-up.54 Moreover, recently, there has been 
growing interest in the use of barbed sutures in 
rectus diastasis repair.55 Although several studies 
showed that barbed sutures were equally effective 
in repairing rectus diastasis and indeed associated 
with a shorter operative time when compared to 
polydioxanone or nylon sutures,56 other studies 
have reported recurrence rates as high as 30 per-
cent with the use of the knotless sutures.57 Finally, 
only one study used staples for the rectus diastasis 
repair. According to this study, staple plication is 
associated with a significantly shorter operative 
time and is equally as effective in keeping the rec-
tus fascial edges unseparated compared to non-
absorbable sutures, as demonstrated by radiologic 
imaging.58

In a similar effort to decrease intraoperative 
time while providing efficient plication of the 
recti, some surgeons opt for a single-layer over a 
double-layer closure. Although some studies show 
that a single-layer closure is equally effective and 
more efficient than a double-layer closure,57 the 
pooled analysis of this review shows that a double-
layer closure is associated with significantly lower 
complication rates. However, there were no sig-
nificant differences in recurrence rates between 
single- and double-layer closure. Based on these 
results, the authors of the present article recom-
mend a double-layer closure/plication to avoid an 
increased risk of complications.

This review has several limitations. The hetero-
geneity in surgical technique, patient population 
and their comorbidities, context of repair, and 
study type make a meta-analysis challenging to 
perform. Moreover, because of the absence of the 
information in several of the articles, the pooled 
analyses of the complication and recurrence 

rates do not control for factors such as indica-
tion for surgery, preoperative severity of rectus 
diastasis, associated comorbidities, and smoking 
status. Furthermore, because of the strict inclu-
sion and exclusion criteria of this review, some 
interesting rectus diastasis repair techniques in 
the literature were not included, as they did not 
report outcomes or complications. For example, 
Shestak et al. describe a unique short-scar tech-
nique that is said to benefit patients requiring less 
extensive abdominoplasties to correct less severe 
abdominal deformities.59 Another limitation of 
the study is the inclusion of multiple studies with 
varying levels of evidence. Although the authors 
believe that making this a true systematic review 
by including only prospective or randomized con-
trolled studies could have strengthened the find-
ings/conclusions, this was countered by the fact 
that unfortunately most of the articles on surgi-
cal management of rectus diastasis are retrospec-
tive in nature. As one of the primary goals of this 
review was to provide a comprehensive overview 
of all surgical management techniques of rectus 
diastasis, highlight their differences, and provide 
pooled analysis of complications and recurrence 
rates, a scoping review of the literature was chosen 
to enhance the practical application to the reader. 
Moreover, because some of the articles included 
in this review had the same author groups, it is 
ambiguous whether more than one of the studies 
report on the same patient population, which may 
have influenced the pooled analyses performed. 
Future studies should randomly assign patients 
to receive different surgical treatments of rectus 
diastasis to directly compare their outcomes and 
complication profiles. Furthermore, a recent 
study on five patients undergoing robotic rectus 
diastasis repair showed good cosmetic results and 
no complications. As robotic operations become 
more common in rectus diastasis repair, more 
studies are warranted to assess their outcomes, 
complications, and recurrence rates. Finally, 
there is a significant paucity of patient-reported 
outcomes in studies in this review. Because of 
the importance of the cosmetic outcome of rec-
tus diastasis repair, future studies should include 
patient-reported outcomes to accurately assess 
how satisfied patients are with their overall results.

CONCLUSIONS
This literature review provides an updated 

overview of the current surgical treatment meth-
ods of rectus diastasis. Data from 37 included stud-
ies demonstrate that both laparoscopic and open 
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surgical approaches for rectus diastasis repair are 
safe and effective. A pooled analysis further shows 
that a double-layer suture closure is associated with 
fewer complications than a single-layer suture clo-
sure. Finally, there was no statistically significant 
difference in the suture absorbability on the safety 
and efficacy of rectus diastasis repair. With the 
absence of large randomized clinical trials com-
paring different types of surgical treatments of rec-
tus diastasis, reviews such as this can help provide 
surgeons with evidence-based outcomes of differ-
ent techniques, and facilitate the informed con-
sent process.
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