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Abstract

Background: Diastasis recti abdominis (DRA) is a condition affecting many post-partum women. The aim of this study was to evalu-
ate long-term results of surgical repair of DRA in a cohort of post-partum women.

Methods: Sixty post-partum women with DRA and training-resistant core dysfunctions were included. Surgical repair was per-
formed with suture plication of the linea alba. Abdominal core function was evaluated with the abdominal trunk function protocol
(ATFP) including a self-report questionnaire and seven functional tests. Urinary incontinence and quality of life were evaluated with
the Urogenital Distress Inventory (UDI-6), the Incontinence Impact Questionnaire (IIQ-7) and the SF-36 questionnaire. Follow-up was
performed at 1 and 3 years after surgery.

Results: Response rate at the 3-year follow-up was 86.7 per cent for the disability rating index (DRI) questionnaire; and 71.7 per cent
for the ATFP, UDI-6, IIQ-7 and SF-36 questionnaires. All DRI parameters were improved (P< 0.001) after 3 years of follow-up compared
with preoperative values. The functional tests in the ATFP showed an improvement in core muscle strength and stability (P < 0.001),
back muscle strength (P < 0.001) and abdominal muscle strength (P ¼ 0.002) compared to preoperative values as well as an improve-
ment of core muscle strength and stability compared with the 1-year follow-up values (P ¼ 0.003). UDI-6 and IIQ-7 results were im-
proved (P< 0.001 and P ¼ 0.004) compared with preoperative values and showed consistent values compared with the 1-year follow-
up (P ¼ 0.09 and P ¼ 1.0). Quality of life measured with SF-36 was improved compared with preoperative values and showed consis-
tent values compared with the 1-year follow-up.

Conclusion: The functional improvement of surgical reconstruction of the DRA persisted for 3 years in this series of post-partum
women with DRA.

Introduction
Diastasis recti abdominis (DRA) is a common condition after
pregnancy, affecting approximately one-third of post-partum
women1–4. It is defined as a persisting widened and weakened
linea alba caused by mechanical and hormonal changes during
pregnancy and can present as a bulging or sagging of the abdomi-
nal midline. DRA is one of several pathological components5 of a
generally stretched abdominal wall after pregnancy and can pre-
dispose for abdominal core dysfunctions such as back pain, ab-
dominal core muscle weakness and poor posture6–11. The
abdominal core, defined as the circumferential soft tissues of the
diaphragm superiorly, the pelvic floor inferiorly and the abdomi-
nal wall and flank anterolaterally12, is crucial for upholding the
posture and abdominopelvic visceral function. Risk factors for
developing DRA include multiparity, advanced maternal age, cae-
sarean section and collagen disposition13,14.

The management of DRA has gained increasing attention dur-
ing the last decade and studies have reported beneficial short-
term results from surgical repair of DRA15–17. Multiple reviews
have been published but consensus regarding best treatment is
still lacking, due to conflicting results and insufficient follow-up
time18–20. Despite this, national guidelines stating recommenda-
tions of DRA management have been presented21,22. In general,
the first-line treatment recommendation is core-stability train-
ing13,23,24. The optimal method and duration of core training are
still under debate and the results from core training vary across
studies13,23,25–27. If core training fails, guidelines propose surgical
repair in certain circumstances, such as a specified minimum of
inter-recti distance (IRD) and a specified maximum BMI21,22.
Surgical reconstruction has been reported to recover abdominal
core function in patients with training-resistant core dysfunction.
Studies have shown different surgical methods, open as well as
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laparoscopic repairs, to be successful regarding prevention of
DRA recurrence and postoperative complications16,17,28.

In a previous study, the effect of surgical repair of DRA, de-
fined as greater than 30 mm at the widest distance, was exam-
ined in a cohort of 60 post-partum women with training-resistant
core instability symptoms, with or without diagnosed concomi-
tant ventral hernias. The study was conducted in Stockholm
from 2015 to 2017. DRA was evaluated with ultrasonography as
well as CT before surgery and at the 1-year follow-up, and no
recurrences were seen17. Functional outcomes were assessed
with questionnaires regarding physical function, urinary inconti-
nence and quality of life, as well as seven physical tests moni-
tored by a physiotherapist. Surgical repair was performed with a
suture repair of the widened linea alba using absorbable sutures.
The 1-year follow-up showed significant improvements in ab-
dominal core function, regardless of the preoperative inter-recti
distance, as well as a decrease in urinary incontinence and im-
proved quality of life (QoL), implying that surgical repair of DRA
restores the anatomy and recovers abdominal core function17.

The aim of this 3-year follow-up was to determine the long-
term effect of surgical reconstruction regarding abdominal core
function, urinary incontinence and QoL, with the hypothesis that
surgical repair provides a permanent functional improvement.
The results may indicate if surgery could be a strategy to recom-
mend for patients with DRA combined with training-resistant
core dysfunctions.

Methods
Study population
The study population, which has been presented previously17,
consisted of 60 post-partum women with symptomatic DRA
recruited between 2015 and 2017.

The surgical reconstruction technique was performed as a
double-row suture duplication of the linea alba using absorbable
QuillTM PDO suture (Angiotech, Reading, Pennsylvania, USA).
Concomitant midline hernias were closed separately with a su-
ture repair as well as reduced in the duplicate. Incision technique
varied depending on the participant’s anatomical conditions and
surgeon’s preference of incision technique. The Regional Ethics
Committee, Stockholm-Karolinska Institute approved the study,
and the local ethics committee approved all procedures (Dnr.
2015/1753–31).

Evaluation of outcome
The primary outcome was abdominal core function, evaluated
with a self-report questionnaire, the disability rating index (DRI)
where the ability to perform 12 different daily activities are rated
with a visual analogue scale (VAS)29, and seven different func-
tional tests instructed and monitored by a physiotherapist. The
seven functional tests cover: back muscle strength; abdominal
muscle strength; left core stability; right core stability; ventral
core stability, evaluated with the trunk muscle strength and sta-
bility test (TMSST); pelvic stability, evaluated with the active
straight leg raising (ASLR) test including evaluation of back pain
and pelvic tip; and pelvic pain, evaluated with the posterior pelvic
pain provocation (4P) test30,31.

The DRI questionnaire and the seven functional tests were
compiled in a protocol, the abdominal trunk function protocol
(ATFP) (Supplementary material)17. Secondary outcomes were uri-
nary incontinence, evaluated with the self-report questionnaires,
Urogenital Distress Inventory (UDI-6) and Incontinence Impact
Questionnaire (IIQ-7)32; quality of life (QoL), evaluated with the

SF-36 questionnaire33; as well as recurrence and postoperative

complications, evaluated clinically at 3-year follow-up. All partic-

ipants were given the opportunity to express opinions regarding

experiences from the postoperative rehabilitation and changes in

their general health situation and gastrointestinal function at the

3-year clinical follow-up. Replies were documented in the

patients’ medical record. Primary and secondary outcomes were

evaluated prior to, and 1 and 3 years after surgery.

Statistical analyses
Paired t tests and Wilcoxon signed rank tests were used to ana-

lyse changes in symptoms at 3-year follow-up compared with

values from before surgery and the results from 1-year follow-up.

McNemars test was used to evaluate contingency of dichotomous

variables. The tests were all two-sided and considered statisti-

cally significant at a level of P� 0.050. The DRI parameters were

investigated individually, and the total DRI score was used for

comparison with preoperative results and the results at 1-year

follow-up. The SF-36 results were compared with preoperative

and 1-year follow-up results as well as comparison with the nor-

mative Swedish female population. Association between preoper-

ative symptoms and symptoms at 1-year follow-up was

investigated against symptoms at 3-year follow-up with linear re-

gression. The statistical analyses were performed using StataVR ,

version 12.1 (Stata Corp, College Station, Texas, USA)

Results
Preoperative demographics are summarized in Table 1. Median

age at time for surgery was 39.0 (range 20.5–53) years. Response

rate at 3-year follow up was 87 per cent (52 of 60 patients) for the

DRI questionnaire; and 72 per cent (43 of 60 patients) for the UDI-

6 and IIQ-7 questionnaire, the ATFP and the SF-36 questionnaire.

Nine participants (15 per cent) answered only the DRI question-

naire. There were 17 dropouts for the functional tests. One partic-

ipant was undergoing chemotherapy for a breast malignancy,

one participant was rehabilitating from a disc hernia, one partici-

pant was under psychiatric treatment, two patients did not want

to continue participating in the study and the remaining twelve

participants avoided attending the hospital due to the COVID-19

pandemic regulations. A fifth of all participants (12 patients),

who had suffered from obstipation, bloating, slow bowel symp-

toms and long transit time prior to surgery, reported improved

Table 1 Preoperative characteristics of the 60 patients who
underwent surgery for diastasis recti abdominis

Preoperative characteristics Results

Female patients* 60 (100)
Age (years)† 38.8(5.5)
BMI (kg/m2) 22.6 (17.2–36.0)
Deliveries 2 (1–5)

Vaginal 2 (1–4)
Caesarean 2 (1–4)

Months between last delivery and surgery 34 (12–192)
Months training before surgery 7 (3–24)
Rectus diastasis width (mm)

Ultrasound scan 45 (30–90)
CT scan 50 (10–100)
At surgery 45 (30–90)

Ventral hernia* 45 (75)

Values are median (range) unless indicated otherwise; *values are number
(percentage); †values are mean(s.d.).
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bowel function after surgery. Some participants (15 patients)

found the rehabilitation programme tedious or uninspiring.

DRA recurrence rates and postoperative
complications
There were no reported recurrences or long-term postoperative

complications at the 3-year follow-up, examined clinically by

the physiotherapist during the functional tests (ATFP). At the

time of the 3-year follow-up three additional patients, adding to

the previous four patients, expressed considerations regarding

cosmetic issues, which was not considered as a postoperative

complication.

Abdominal trunk function protocol
The core function results are summarized in Table 2. In the self-

reported DRI, all patients (52 of 52) reported fewer symptoms 3

years after surgery, with a score that was 82.3 (range 74.9– 89.7)

per cent lower than prior to surgery (Fig. 1). Fifteen patients

reported a higher score than at the 1-year follow-up. There were

no significant changes in any of the 12 DRI parameters between

1- and 3-year follow-up, except for doing dishes, heavy lifts and

exercise/sports, where the score was significantly improved, as

was the total DRI score. Evaluation of the functional tests

monitored by a physiotherapist showed significantly improved

performance regarding back muscle strength, abdominal muscle

strength and core stability, compared with preoperative results in

a majority of the participants (33 of 42, 79 per cent), while two

thirds of patients (28 of 42, 67 per cent) had a score equal to or

higher than that at the 1-year follow-up (Table 2, Fig. 2). There

was a significant improvement in core muscle strength and sta-

bility (TMSST): 120 (range 11–240) seconds at 3 years after surgery

compared with 74 (range 3–180) seconds 1 year after surgery and

60 (range 0–180) seconds prior to surgery. No significant changes

in back muscle or abdominal muscle strength were found, be-

tween 1- and 3-year follow-up. Evaluation of the pelvic tip and

performance difficulties, two components of the ASLR test,

showed a significant increase between 3-year follow-up and the

other two time-points. None of the other components of the

ASLR and 4P tests showed significant changes.

Quality of life
Figure 3 shows the SF-36 subscales, prior to surgery, at 1-year

follow-up, at 3-year follow-up and the expected ratings for the

normative Swedish female population34. Preoperative ratings for

the studied cohort were significantly lower than those for the

normative population in all subscales. Postoperative ratings were

Table 2 Abdominal trunk function protocol including disability rating index, Urogenital Distress Inventory, and Incontinence Impact
Questionnaire, before, 1 year and 3 years after surgery for DRA

Before surgery 1-year follow-up 3-year follow-up P‡

1 year after
versus

before surgery

3 years after
versus

before surgery

3 years after versus
1 year

after surgery

Abdominal trunk function
protocol

n 5 57 n 5 55 n 5 52

Specific DRI†

Get dressed and undressed
without help

1 (0–70) 0 (0–10) 0 (0–13) 0.006 0.001 0.13

Taking walks 4 (0–95) 0 (0–44) 0 (0–50) <0.001 <0.001 0.13
Walk in stairs 4 (0–94) 0 (0–44) 0 (0–42) <0.001 <0.001 0.31
Sitting down for a longer period 28 (0–96) 0 (0–52) 0 (0–73) <0.001 <0.001 0.26
Stand bentover doing dishes 40 (0–100) 0 (0–53) 0 (0–47) <0.001 <0.001 0.01
Carry a suitcase or bag 29 (0–83) 1 (0–49) 0 (0–90) <0.001 <0.001 0.02
Making the bed 13 (0–84) 0 (0–45) 0 (0–39) <0.001 <0.001 1.00
Running 49 (0–100) 1 (0–96) 0 (0–100) <0.001 <0.001 0.72
Light manual labour 21 (0–100) 0 (0–50) 0 (0–46) <0.001 <0.001 0.23
Heavy manual labour 64 (0–100) 4 (0–98) 0 (0–83) <0.001 <0.001 0.18
Heavy lifts 63 (1–100) 10 (0–98) 0 (0–98) <0.001 <0.001 0.02
Exercise/sports 54 (1–100) 5 (0–94) 0 (0–88) <0.001 <0.001 0.03
Total DRI (0–1200 points) 401 (19–1051) 50 (0–696) 0 (0–656) <0.001 <0.001 0.03
Physiological tests n 5 53 n 5 55 n 5 43
Back strength (seconds) 75 (0–240) 113 (0–240) 138 (32–240) <0.001 <0.001 0.13
Abdominal strength (seconds) 49 (0–240) 66 (15–240) 79 (0–240) <0.001 0.002 1.0
Core stability, side plank

(seconds)
40 (0–120) 56 (10–115) 70 (6–118) <0.001 0.002 0.75

Core muscle strength and stabil-
ity test (seconds)

60 (0–180) 74 (3–180) 120 (11–240) 0.004 <0.001 0.003

Difficulties with active straight
leg raising (1–5 points)

1 (1–5) 1 (0–2) 1 (1–3) <0.001 0.18 0.01

Pain during straight leg raising* 8 (17) 3 (6) 4 (9) 0.16§ 0.32§ 0.41§

Pelvic tip during straight leg rais-
ing*

9 (24) 9 (17) 22 (51) 0.32§ 0.03§ 0.005§

Pain during pelvic provocation* 12 (24) 3 (6) 6 (14) 0.008§ 0.48§ 0.10§

Urogenital Distress Inventory
(UDI-6)

5 (0–16) 2 (0–13) 3 (0–13) 0.001 <0.001 0.09

Incontinence Impact
Questionnaire (IIQ-7)

2 (0–18) 0 (0–17) 0 (0–17) 0.001 0.004 1.0

Values are medians (range) unless otherwise indicated. *values in parentheses are percentages. †The disability rating index (DRI) was standardized recorded on
visual analogue scales measured in millimetres, and provided a score with a range of 0–100 for each activity, where 0 represented no difficulties at all performing
the specific task, and 100 not being able to perform the task at all. ‡Wilcoxon signed rank test, except §McNemars test.
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increased to a level significantly higher than or equal to the rat-

ings of the normative female population. There were no signifi-

cant changes in any subscale between the 1- and the 3-year

follow-up after surgery.

Urinary incontinence
Urinary incontinence was evaluated with the self-report ques-

tionnaires UDI-6 and IIQ-7. Results from the UDI-6 showed a sig-

nificant improvement compared with preoperative results

(P< 0.001), but no significant change between 1- and 3-year

follow-up was observed (P¼ 0.09). Results from the IIQ-7 showed

a significant improvement from the preoperative results

(P¼ 0.004), and no significant change compared with 1-year

follow-up (P¼ 1.00) (Table 2).

Discussion
DRA is a condition affecting a large proportion of the female

post-partum population, which may cause debilitating symp-

toms such as back pain, abdominal muscle weakness, urinary in-

continence and decreased QoL35. This long-term follow-up study

shows that surgical repair of the weakened and stretched abdom-

inal wall results in a long-term improvement in core stability, ab-

dominal muscle strength and back muscle strength, as well as an

improvement in QoL. The high prevalence of postpartum DRA7
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has been a neglected public health problem. Many women have
suffered in vain from training-resistant symptoms and this study
suggests that surgical repair is an effective option that should be
considered in the treatment of DRA.

The detailed and comprehensive assessment methods used in
this study include self-reported physical function, and several
aspects of core function evaluated objectively by a physiothera-
pist monitoring examinations of back muscle strength, abdomi-
nal muscle strength, core stability and pelvic stability, compiled
in the ATFP. The ATFP covers a panorama of functional symp-
toms associated with DRA. Furthermore, evaluation of QoL and
urinary incontinence were performed. The multiple aspects ex-
plored in this study give a broad understanding of the complex
symptomatology associated with DRA. The ATFP is a suitable as-
sessment instrument for research situations but may be too ex-
tensive for the daily clinical situation. QoL has been reported to
improve after abdominoplasty due to perception of a cosmetic
improvement36. There were no differences in QoL outcomes be-
tween the different surgical approaches in this study, indicating
that cosmetic improvement alone was unlikely to explain the
persistent improved QoL.

There was a significant improvement in urinary incontinence
in the terms of decreased urinary leakage at both 1- and 3-year
follow-up. This finding indicates an association between surgical
repair of the anterior abdominal wall and stabilization of the pel-
vic floor, which underlines that the abdominal canister is a col-
laborating system of interacting muscle groups. A surgical
intervention on one muscle group could possibly provide benefits
to other parts of this cooperating system.

The statistically significant improvement from preoperative
results in most evaluated parameters suggests a persistent posi-
tive outcome. One unexpected finding was the significant in-
crease in pelvic tip and difficulty performing the ASLR test at the
3-year follow-up compared with the preoperative and 1-year
follow-up outcomes. The pelvic tip exercise measures pelvic sta-
bility and monitors the combined function of pelvic, gluteal, back
and abdominal muscle groups. There is no available information
regarding training frequency during the postoperative period in
this study, and sparse physical training can therefore not be ex-
cluded as a possible explanation to this finding. There were four
physiotherapists involved in the 3-year follow-up which could

imply a theoretical risk of inter-rater variability, although the
instructions to the physiotherapist in the protocol are detailed
and designed to avoid any variation of the evaluation procedure.

In the present study, only six participants had a BMI greater
than 30 kg/m2 at inclusion and extrapolation of results to obese
patients should, thus, be made with caution. There were no ob-
served differences in results in sub-analyses stratified by BMI
greater than or less than 25 kg/m2 (data not shown). The clinical
manifestations of DRA were evaluated: physical function as
well as clinical signs such as bulging, doming or sagging.
Radiological signs of recurrence cannot be excluded but would
then have been clinically insignificant and not warrant any ad-
ditional treatment, surgical or otherwise. There were no reports
of late postoperative complications and there were no recur-
rences of DRA in this study, which is in line with comparable
studies19. Even though the functional improvement was statis-
tically significant there are always risks associated with surgery
which should be taken into consideration when deciding the
best line of treatment.

A possible explanation to the reported improved bowel func-
tion may be increased abdominal muscle strength affecting the
intra-abdominal pressure which could prevent intestinal dilata-
tion. Persistent change in intra-abdominal pressure after surgi-
cal repair of DRA has not been described in earlier studies28 but
more research is needed to examine this further. Future studies
exploring whether surgical repair of DRA resulting in decreased
intra-abdominal space could lead to improved bowel function
are warranted.

The monotony and tediousness of the standardized rehabilita-
tion programme reported by many women could affect the com-
pliance with the postoperative rehabilitation and a new
rehabilitation programme has therefore been designed with in-
creasing progressive exercises and a more dynamic and, hope-
fully, inspiring approach, that will be evaluated in a future study.

During the last decade DRA has gained attention as a debilitat-
ing clinical issue for a large amount of the female population. As
DRA and its consequences are gaining more attention, national
guidelines are beginning to emerge. Recommendations for na-
tional guidelines have been presented from Germany22 and
Sweden21. The Americas Hernia Society has presented an ad-
vanced programme for abdominal core health management37.

110

100

90

80

70

60

50

40

30

20

10

0
PF

Before surgery

1-year follow-up

3-year follow-up

Normative value

RP PI GH VT SF RE MH

Fig. 3 SF-36 assessment of quality of life

PF, physical function; RP, role physical; PI, pain; GH, general health; VT, vitality; SF, social functioning; RE, role emotional; MH, mental health.

Olsson et al. | 5



The first line of treatment is core-stability training but the impact
of training in general, and what specific training to recommend,
is still under debate, and studies have shown diverging results.
Improvement in core function after training has been
reported38,39, while contradicting studies report no improvement
from training25,27.

Studies that examine the change of IRD after training also
have conflicting results, where some recent studies report de-
creased IRD after training24,40, while older studies report no
change in IRD27. The training methods as well as the evaluation
methods in these studies vary, making comparisons difficult. The
recent reported improvement could be the result of more ade-
quate assessment methods, such as ultrasonography prior to dig-
ital width measurement41,42, as well as evaluating core function
and not solely measuring the IRD.

Research suggests that the deep core-muscle training includ-
ing preactivation of the inner unit, for example transverse
abdominis muscles, prior to heavier exercises is an effective
training method to rebuild core stability23,43. Deep core-muscle
stabilizing training could be recommended as a first-line treat-
ment and is useful as a tool for sorting symptomatic DRA to ei-
ther training or to surgery. The benefit from core training is
presumably mainly due to improved core control and strength,
and not due to a decrease of IRD, but future studies are needed
to explore this further. Regardless of training method, surgical
repair becomes a relevant alternative when core training is in-
sufficient.

Management strategies differ today, not only between but also
within countries, emphasizing the need for guidelines. DRA is still
mainly classified as a cosmetic issue and an American study
revealed that the majority of insurance companies did not cover
surgical repair of DRA regardless of symptoms44. The financial
aspect is therefore highly relevant when developing guidelines,
both for the individual and on a national scale. To stratify better
which patients with DRA would gain the most from surgical re-
pair, therefore maximizing private and public cost–benefit, it is
recommended that the DRA classification should include an ob-
jective functional aspect.

The limitations of this study include that it is a ‘pre–post’
study without a comparator arm. As the subjects were their own
controls over time, the study results are deemed significant even
though a placebo effect cannot be excluded. The interaction of
several questionnaires with overlapping information may have
had an impact on the responses. On the other hand, the combi-
nation of the monitored functional tests, self-reported grading
and questionnaires regarding urinary incontinence and QoL, cap-
tures a more complete understanding of the panorama of symp-
toms. The significant improvements are also persistent
compared with the 1-year follow-up results, which underlines
the strength of the results in this study.

Another limitation is the 72 per cent response rate for the
functional tests. This can, to a large extent be explained by the
COVID-19 pandemic, but the risk of an underlying bias should be
considered. The studied population was homogeneous in age, lo-
cation and family situation, which limits the generalizability of
the results. On the other hand, the debilitating situation with
symptomatic DRA affects mainly individuals like the studied
population, that is women of childbearing age. Even though aes-
thetics are important for QoL, this study focused only on physical
function. The purpose was to evaluate the effect of functional
change without any considerations of possible impact of

aesthetic improvement. The study showed a long-term increase
in QoL which indicates that a functional improvement is crucial
for an improved and maintained QoL38.

This study shows that surgical reconstruction of DRA is a safe
and effective treatment in persistent, symptomatic DRA. Surgery
provides long-term improved function and increase in quality of

life. We suggest that women with DRA combined with abdominal
core dysfunctions and insufficiently improved by core training
should be considered for surgical reconstruction.
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