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Background and Aim: The definition and management of Diastasis Recti Abdominis (DRA) is under debate. This study aimed to understand the correlation between the post-partum inter-recti distance (IRD) and functional impairments associated with core instability, with the hypothesis that IRD could serve as a proxy for core instability symptoms and constitute a tool in decision-making for DRA treatment.
Material and Methods: A cohort of post-partum women with abdominal core instability symptoms combined with DRA were studied. The size of IRD was measured with ultrasonography and cross-sectionally analysed against functional impairments registered with the self-report Disability Rating Index (DRI), which grades the ability to perform 12 different daily activities.
Results: A total of 224 women were included in the study. In univariable analysis, IRD was associated with impairment of the activities running (p = 0.007), heavy work (p = 0.036) and exercise/sports (p = 0.047), but not with dressing, walking, sitting for long periods, standing bent over a sink, carrying a suitcase, making a bed, light manual labour or heavy lifting. No significant correlations were seen in the multivariable analysis when adjustments were made for BMI and parity.
Conclusion: IRD and post-partum functional impairments had no significant correlation in multivariable analysis. The post-partum core instability condition is complex and probably associated with more factors than solely the IRD. The IRD alone does not seem to be a sufficient proxy for decision-making regarding optimal treatment. A more complete instrument to assess the post-partum abdominal core is warranted.
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INTRODUCTION
Diastasis recti abdominis (DRA) is an anatomical change of the abdominal wall with increased separation of the two rectus abdominis muscles (1). The condition often manifests as a vertical bulging of the anterior abdominal wall during muscle contraction (2). DRA typically represents a post-partum event among women (3). DRA in men is associated with increased intra-abdominal pressure such as visceral obesity (4). Owing to the mechanical stretching and hormonal changes that occur during pregnancy, increased interrecti distance is a normal and common physiological event among childbearing women (1), but may turn into a debilitating DRA condition. The DRA usually regresses after delivery but persists in 32%–46% (5,6,7). Recommended assessment methods for measuring the IRD are ultrasonography, callipers, or CT scan (8).
DRA is often associated with symptoms related to impaired abdominal core function such as trunk muscle weakness (9) and poor body image (10). It may also lead to lumbopelvic pain (1, 11) and urinary incontinence (12). The correlation between the persistent post-partum anatomical changes and the variety of functional symptoms is not fully understood and no generally accepted treatment is yet established (6, 13). Knowledge is insufficient regarding the consequences and management of DRA (7). The impairment is not considered a true hernia and there is consequently no risk for strangulation (14). However, it is associated with an increased risk of developing midline hernias (15,16,17).
The first-line treatment of DRA has traditionally consisted of non-invasive management (18, 19). Some studies show that physiotherapy is beneficial in patients with DRA but in general, the scientific quality is too poor to draw any conclusions (8, 20). If physiotherapy does not result in an adequate recovery, surgery is an alternative. Women who have undergone DRA surgery report an increased functional level and higher quality of life compared to before surgery (17,21,22,23,24,25,26). The purpose of surgical repair of the DRA is to restore the anatomy and thus re-establish abdominal core function. Improved abdominal wall contour is sometimes also lifted as a purpose, even in the absence of functional impairment. Several methods have been described with improved functional results (21, 27).
Although DRA has been a well-known phenomenon, it is only in recent years that surgical treatment with a focus on functional recovery has been considered. The potential functional benefits of surgical treatment and discussions of what previously has been considered as cosmetic surgery have led to significant media attention lately. Many women with DRA experience a lack of understanding from the public health care system regarding their symptoms and may turn to private clinics for surgical management (28).
There is a lack of knowledge regarding risk factors, clinical consequences, and management of DRA (29). Consequently, the accessibility and information to patients varies widely between different county councils and regions. A more standardised and evidence-based management regarding DRA is needed and suggested guidelines have been presented during the last years (8, 28, 30).
Functional impairment such as back pain, abdominal core instability, urinary incontinence and abdominal bulging is common following pregnancy. The ongoing debate is mainly focused on the DRA as a predictor for post-partum functional disabilities (18). Although women with functional impairment associated with DRA, have shown to benefit from surgery, the relationship between IRD and symptoms remains unclear. Some women with great IRD may lack symptoms of DRA. The present study, however, focused only on women with a history of symptoms that could be correlated to DRA.
This study aimed to investigate the association between the inter-recti distance (IRD) and self-reported functional disabilities measured with the Disability Rating Index questionnaire (DRI), with the hypothesis that inter-recti distance could serve as a proxy for abdominal core instability symptoms and constitute a tool in decision-making of DRA treatment.
METHODS
The study was based on a cohort of post-partum women with core instability symptoms combined with DRA. Participants were later considered either for core stability training or surgical repair of the DRA. They were recruited between January 2015 and June 2020. Demographic data, age, BMI, number of births and type of delivery [vaginal/caesarean section] was collected at baseline, as well as the IRD measured with ultrasonography. Some of the women in the present cohort were included in a previous study where they underwent surgery without any specific preoperative training program (17).
Assessment of DRA
All participants were assessed with ultrasonography in a standardised procedure, in a supine position with knees flexed to 90° and relaxed abdominal muscles. The examination was performed with a 40 mm linear transducer. IRDs exceeding 40 mm were assessed with a panoramic view. The IRD was registered in mm at its widest point. An IRD exceeding 30 mm was considered as a potential surgical case (17). The width of 30 mm was chosen as it is widely accepted as a threshold for surgery. The examinations were performed by a senior surgeon with documented training in ultrasound examination, or by a radiologist. Results were recorded and saved in the patients’ medical records.
Assessment of Functional Symptoms
Functional symptoms were registered with a self-report questionnaire, the Disability Rating Index (DRI), Figure 1 (31). The validated DRI covers twelve non-specific activities of daily life: dressing without assistance, outdoor walks, climbing stairs, sitting, standing bent over a sink, carrying a bag, making a bed, running, light work, heavy work, lifting heavy objects and exercise/sports. The ability to perform each activity is registered by the participant on a visual analogue scale of 0–100 mm, where 0 represents no difficulty in performing the activity and 100 represents that the activity is impossible to perform.
[image: Figure 1]FIGURE 1 | The Disability Rating Index (DRI) form covering twelve non-specific activities of daily life. The ability to perform each activity is registered by the participant on a visual analogue scale of 0–100 mm, where 0 represents no difficulty in performing the activity and 100 represents that the activity is impossible to perform.
Ethical Considerations
Written informed consent was obtained from all participants before inclusion. The Regional Ethics Committee, Karolinska Institutet, Stockholm, approved all procedures (Dnr. 2015/1753-31).
Statistical Analysis
Continuous values for characteristics and DRI at the first visit are presented in medians with interquartile range (IQR). Differences of the categorised exposure (</≥3 cm IRD) were tested with the Kruskal-Wallis test. A linear regression model was used, with DRI as a dependent variable, to assess a possible association between DRI and IRD. Multivariable analyses were additionally adjusted for BMI and parity continuously. Two-sided p-values <0.05 were considered statistically significant. To test for non-linearity, DRI was modelled as a quadratic term.
RESULTS
A total of 224 women were included in this study. Of these, 208 women were examined with ultrasonography and completed the questionnaire at their first visit to the outpatient clinic, while sixteen completed the questionnaire retrospectively (two by letter and fourteen via telephone interview).
In this cohort, there was no difference in age, BMI, or parity when the IRD was categorised as </≥3 cm. Participants with an IRD ≥3 cm seemed to have more difficulties performing the specific tasks in the DRI compared with those with an IRD <3 cm (Table 1). No evidence of non-linearity was found.
TABLE 1 | Characteristics, ultrasound values, DRI values of participants.
[image: Table 1]In univariable linear regression analysis, an increased DRI was associated with more difficulties in performing some of the heavier activities (e.g., running [p = 0.007], heavy work [p = 0.036] and exercise/sports [p = 0.047], visualized in Figure 2. However, the mean increase in DRI-score was small per centimetre increment in IRD (5p for running, 3p for heavy work, respectively 3p for exercise/sports, on a scale from 0 to 100). Combining the five heaviest categories, each one-cm increment in DRI was associated with a 14 p increase in DRI-score (p = 0.038). No association was observed between IRD and DRI when the linear model was adjusted for BMI and parity (p > 0.17, Table 2). Interpretation of the results was similar when restricting the analyses to participants with an IRD ≥5 cm and when categorising IRD </≥5 cm (data not shown).
[image: Figure 2]FIGURE 2 | Linear regression analyses with DRI as dependent variable and DRI as independent. Multivariable were also adjusted for BMI and parity.
TABLE 2 | Association between IRD in cm and symptoms at first visit.
[image: Table 2]DISCUSSION
Pregnancy often results in persistent anatomical changes of the abdominal wall, such as an increased inter-recti distance that can contribute to core instability, back pain and a poor body image.
DRA has been suggested to explain these functional impairments that affects a substantial proportion of the female post-partum population. The results of this study indicate a slight association between an increased IRD and impaired ability to perform more strenuous daily activities, but this effect fails to reach significance when covariates are considered. This study can therefore not present a significant correlation between DRA alone and self-reported functional impairments, indicating that the persistent post-partum core instability condition is more complex than solely caused by the widened linea alba. The findings of this study suggest that the DRA alone might not explain the panorama of physical symptoms associated with post-partum core instability.
The entire abdominal wall is progressively widened and stretched during pregnancy. A persistent deformation of the abdominal wall may affect the abdominal trunk function in various ways. A classification based on different myoaponeurotic deformities, including several anatomical changes, has been presented by Nahas (32) who concluded that abdominal wall protrusions are caused by the stretching of the entire abdominal wall and not only the linea alba. This is in line with our results; the pathogenesis of post-partum functional impairments is complex and cannot be explained by the DRA alone.
The different myofascial components of the abdominal trunk co-operate through fascial tension to maintain posture, stabilise the lumbar spine, enable motion and contribute to physiological functions (such as gastrointestinal and respiratory). Traditionally, a reduced IRD has been suggested to be the main focus of DRA rehabilitation (33), while studies focusing on general abdominal core function suggest that the transverse abdominal muscles (TrA) play an important role in maintaining abdominal wall tension (34, 35). Pre-activation of the TrA before a curl-up increases the abdominal wall tension and reduces the IRD-narrowing during the contraction, with less distortion of the linea alba. This may allow better force transfer between the flanks of the abdominal wall. The function of the abdominal muscles increases with TrA activation since it optimises tension of the linea alba despite reduced IRD narrowing (34, 35).
Multiple studies have shown that surgical repair of the DRA improves several functional disabilities (21). A surgical re-approximation of the widened linea alba reduces the abdominal circumference, which results in a stabilisation of the abdominal wall as well as a reduction of several functional symptoms (21). Although there is no significant correlation between IRD and DRI in this study there are several reports of functional improvements following surgical reduction of the inter-recti distance. Pieces of the puzzle are still lacking and there are obviously more aspects to this complex situation that need further investigation.
Post-partum core instability, causing back pain and abdominal muscle weakness, is well known by physiotherapists and personal trainers. There are numerous different training concepts recommended for reducing functional disabilities in the post-partum population (36). Multiple studies have reported both positive and negative results after non-specific training (20), while specific core stabilising training has been reported to provide an improved abdominal core function (18) and could be considered before surgical management of the DRA (8). The effect of core training is primarily to stabilise the abdominal canister and not reduce the inter-recti distance (28), although some studies have reported a decreased IRD following training (37).
The IRD is considered an important finding for deciding treatment but the definition of an abnormal IRD varies (8, 28, 30). Four of the 12 parameters tested with the DRI-scale (running, heavy work, lifting heavy objects and exercise/sports), showed a moderate correlation between the diastasis width and disability in performing the task in the univariable analysis, but there was no significant correlation between the width of the inter-recti distance and the degree of reported symptoms in the multivariable analysis. Our study suggests that even a modest IRD may have an impact on the associated functional impairments affecting daily life but the IRD alone does not seem to be sufficient to determine whether surgical reconstruction of a deformed abdominal wall is needed or not. However, although the current study only included eight participants with an IRD <3 cm, our data suggests that this group is less likely to be as functionally impaired as those with an IRD ≥3 cm.
Women with DRA perceiving functional impairment constitute a neglected patient group that deserve more attention. There is no consensus among health professionals on how to best approach the condition (38). Patient-reported outcome measures are valuable tools to evaluate clinical symptoms such as body image and core instability. When surgical repair is considered, a shared decision-making between the patient and the surgeon is crucial. A comparable situation is the management of osteoarthritis patients waiting for an arthroplasty. Osteoarthritis can be confirmed with radiology, but radiological findings generally do not correlate well with symptoms (39). Instead, the patient’s preferences play a significant role when deciding if a total hip or knee arthroplasty is necessary. Some patients wish to continue an active lifestyle whereas others request surgery to enable performance of simple daily living activities (40). This approach may apply also to diastasis recti abdominis.
LIMITATIONS
This is a cross-section investigation without a control group. There were no data on concomitant midline hernias that might have had a confounding effect on reported functional disabilities. In twelve cases (5%), women who accepted inclusion fulfilled the DRI retrospectively. Therefore, we cannot exclude a response bias impact.
The participants’ activity levels have not been included in the calculations, possibly affecting the interpretation of the DRI reports. For someone who does not perform strenuous daily activities—the inability to perform these might not have been considered a problem when completing the DRI. Participants’ waistlines have not been recorded either. A certain IRD might constitute a larger problem for someone with a small waistline compared to someone with a greater waistline.
The cut-off level of 30 mm was chosen as it is widely accepted as a threshold for surgery. There is, however, no natural anatomical reason for choosing this level. When deciding on surgery, not only the width of the DRA should be taken into account.
As we did not have an a priori hypothesis regarding the relationship between the inter-recti distance and abdominal function, we did not do regular sample size estimation. It is possible that the present study is underpowered and that there may be a weak relationship that we were unable to detect. The uneven distribution, with only eight women with inter-recti distance less than 3 cm, also decreased the statistical power.
The outcome measures in the present study were purely subjective. Objective measures, e.g., trunk function assessed with Biodex®, may have provided more precise outcomes with higher inter-rater reliability.
As the aim of the study was to assess whether a predefined inter-recti distance could be set as a threshold for deciding on surgery, we analyse it as a dichotomous variable. However, linear analysis may have shown a significant correlation.
CONCLUSION
Many post-partum women with persistent DRA suffer from functional disabilities. This study did not show any significant correlation between self-reported functional impairments and the inter-recti distance in isolation, even though there was a tendency towards an association between DRA and the ability to perform strenuous activities. The post-partum core instability condition is complex and consists of more components than solely the inter-recti distance. More research is needed to understand the interaction between anatomy and function, develop better assessment instruments and optimise the treatment. The inter-recti distance as well as other anatomical measures should also be evaluated in studies with greater statistical power than the present one.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The Regional Ethics Committee, Karolinska Institutet, Stockholm, approved all procedures (Dnr. 2015/1753-31). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
LB wrote the manuscript with substantial support from all co-authors. Data was collected by AO. Statistical analyses were performed by OS. Interpretations of results were conducted mainly by OS, AO, GS, and LB.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 1. Boissonnault, JS, and Blaschak, MJ. Incidence of Diastasis Recti Abdominis during the Childbearing Year. Phys Ther (1988) 68(7):1082–6. doi:10.1093/ptj/68.7.1082
 2. Brauman, D. Diastasis Recti: Clinical Anatomy. Plast Reconstr Surg (2008) 122(5):1564–9. doi:10.1097/PRS.0b013e3181882493
 3. Coldron, Y, Stokes, MJ, Newham, DJ, and Cook, K. Postpartum Characteristics of Rectus Abdominis on Ultrasound Imaging. Man Ther (2008) 13(2):112–21. doi:10.1016/j.math.2006.10.001
 4. Yuan, S, Wang, H, and Zhou, J. Prevalence and Risk Factors of Hernia in Patients with Rectus Abdominis Diastasis: A 10-Year Multicenter Retrospective Study. Front Surg (2021) 8:730875. doi:10.3389/fsurg.2021.730875
 5. Fernandes da Mota, PG, Pascoal, AG, Carita, AI, and Bø, K. Prevalence and Risk Factors of Diastasis Recti Abdominis from Late Pregnancy to 6 Months Postpartum, and Relationship with Lumbo-Pelvic Pain. Man Ther (2015) 20(1):200–5. doi:10.1016/j.math.2014.09.002
 6. Sperstad, JB, Tennfjord, MK, Hilde, G, Ellström-Engh, M, and Bø, K. Diastasis Recti Abdominis during Pregnancy and 12 Months after Childbirth: Prevalence, Risk Factors and Report of Lumbopelvic Pain. Br J Sports Med (2016) 50(17):1092–6. doi:10.1136/bjsports-2016-096065
 7. Akram, J, and Matzen, SH. Rectus Abdominis Diastasis. J Plast Surg Hand Surg (2014) 48(3):163–9. doi:10.3109/2000656X.2013.859145
 8. Hernández-Granados, P, Henriksen, NA, Berrevoet, F, Cuccurullo, D, López-Cano, M, Nienhuijs, S, et al. European Hernia Society Guidelines on Management of Rectus Diastasis. Br J Surg (2021) 108(10):1189–91. doi:10.1093/bjs/znab128
 9. Hills, NF, Graham, RB, and McLean, L. Comparison of Trunk Muscle Function between Women with and without Diastasis Recti Abdominis at 1 Year Postpartum. Phys Ther (2018) 98(10):891–901. doi:10.1093/ptj/pzy083
 10. Edmondson, SJ, and Ross, DA. The Postpartum Abdomen: Psychology, Surgery and Quality of Life. Hernia (2021) 25(4):939–50. doi:10.1007/s10029-021-02470-0
 11. Doubkova, L, Andel, R, Palascakova-Springrova, I, Kolar, P, Kriz, J, and Kobesova, A. Diastasis of Rectus Abdominis Muscles in Low Back Pain Patients. J Back Musculoskelet Rehabil (2018) 31(1):107–12. doi:10.3233/BMR-169687
 12. Spitznagle, TM, Leong, FC, and Van Dillen, LR. Prevalence of Diastasis Recti Abdominis in a Urogynecological Patient Population. Int Urogynecol J Pelvic Floor Dysfunct (2007) 18(3):321–8. doi:10.1007/s00192-006-0143-5
 13. Mota, P, Pascoal, AG, Carita, AI, and Bø, K. The Immediate Effects on Inter-rectus Distance of Abdominal Crunch and Drawing-In Exercises during Pregnancy and the Postpartum Period. J Orthop Sports Phys Ther (2015) 45(10):781–8. doi:10.2519/jospt.2015.5459
 14. Hickey, F, Finch, JG, and Khanna, A. A Systematic Review on the Outcomes of Correction of Diastasis of the Recti. Hernia (2011) 15(6):607–14. doi:10.1007/s10029-011-0839-4
 15. Köhler, G, Luketina, RR, and Emmanuel, K. Sutured Repair of Primary Small Umbilical and Epigastric Hernias: Concomitant Rectus Diastasis Is a Significant Risk Factor for Recurrence. World J Surg (2015) 39(1):121–6. discussion 7. doi:10.1007/s00268-014-2765-y
 16. Ranney, B. Diastasis Recti and Umbilical Hernia Causes, Recognition and Repair. S D J Med (1990) 43(10):5–8. 
 17. Olsson, A, Kiwanuka, O, Wilhelmsson, S, Sandblom, G, and Stackelberg, O. Cohort Study of the Effect of Surgical Repair of Symptomatic Diastasis Recti Abdominis on Abdominal Trunk Function and Quality of Life. BJS Open (2019) 3(6):750–8. doi:10.1002/bjs5.50213
 18. Mommers, EHH, Ponten, JEH, Al Omar, AK, de Vries Reilingh, TS, Bouvy, ND, and Nienhuijs, SW. The General Surgeon's Perspective of Rectus Diastasis. A Systematic Review of Treatment Options. Surg Endosc (2017) 31(12):4934–49. doi:10.1007/s00464-017-5607-9
 19. Dufour, S, Bernard, S, Murray-Davis, B, and Graham, N. Establishing Expert-Based Recommendations for the Conservative Management of Pregnancy-Related Diastasis Rectus Abdominis: A Delphi Consensus Study. J Women's Health Phys Ther (2019) 43:73–81. doi:10.1097/jwh.0000000000000130
 20. Benjamin, DR, van de Water, AT, and Peiris, CL. Effects of Exercise on Diastasis of the Rectus Abdominis Muscle in the Antenatal and Postnatal Periods: a Systematic Review. Physiotherapy (2014) 100(1):1–8. doi:10.1016/j.physio.2013.08.005
 21. Olsson, A, Kiwanuka, O, Sandblom, G, and Stackelberg, O. Evaluation of Functional Outcomes Following Rectus Diastasis Repair-An Up-To-Date Literature Review. Hernia (2021) 25:905–14. doi:10.1007/s10029-021-02462-0
 22. Carrara, A, Catarci, M, Fabris, L, Zuolo, M, Pellecchia, L, Moscatelli, P, et al. Prospective Observational Study of Abdominal wall Reconstruction with THT Technique in Primary Midline Defects with Diastasis Recti: Clinical and Functional Outcomes in 110 Consecutive Patients. Surg Endosc (2020) 35:5104–14. doi:10.1007/s00464-020-07997-4
 23. Emanuelsson, P, Gunnarsson, U, Dahlstrand, U, Strigård, K, and Stark, B. Operative Correction of Abdominal Rectus Diastasis (ARD) Reduces Pain and Improves Abdominal wall Muscle Strength: A Randomized, Prospective Trial Comparing Retromuscular Mesh Repair to Double-Row, Self-Retaining Sutures. Surgery (2016) 160(5):1367–75. doi:10.1016/j.surg.2016.05.035
 24. Manetti, G, Lolli, MG, Belloni, E, and Nigri, G. A New Minimally Invasive Technique for the Repair of Diastasis Recti: a Pilot Study. Surg Endosc (2021) 35:4028–34. doi:10.1007/s00464-021-08393-2
 25. Temel, M, Türkmen, A, and Berberoğlu, Ö. Improvements in Vertebral-Column Angles and Psychological Metrics after Abdominoplasty with Rectus Plication. Aesthet Surg J (2016) 36(5):577–87. doi:10.1093/asj/sjv257
 26. Taylor, DA, Merten, SL, Sandercoe, GD, Gahankari, D, Ingram, SB, Moncrieff, NJ, et al. Abdominoplasty Improves Low Back Pain and Urinary Incontinence. Plast Reconstr Surg (2018) 141(3):637–45. doi:10.1097/PRS.0000000000004100
 27. Jessen, ML, Öberg, S, and Rosenberg, J. Surgical Techniques for Repair of Abdominal Rectus Diastasis: a Scoping Review. J Plast Surg Hand Surg (2021) 55:195–201. doi:10.1080/2000656X.2021.1873794
 28. Carlstedt, A, Bringman, S, Egberth, M, Emanuelsson, P, Olsson, A, Petersson, U, et al. Management of Diastasis of the Rectus Abdominis Muscles: Recommendations for Swedish National Guidelines. Scand J Surg (2020) 110:452–9. doi:10.1177/1457496920961000
 29. Joueidi, Y, Vieillefosse, S, Cardaillac, C, Mortier, A, Oppenheimer, A, Deffieux, X, et al. Impact of the Diastasis of the Rectus Abdominis Muscles on the Pelvic-Perineal Symptoms: Review of the Literature. Prog Urol (2019) 29(11):544–59. doi:10.1016/j.purol.2019.05.002
 30. Reinpold, W, Köckerling, F, Bittner, R, Conze, J, Fortelny, R, Koch, A, et al. Classification of Rectus Diastasis-A Proposal by the German Hernia Society (DHG) and the International Endohernia Society (IEHS). Front Surg (2019) 6:1. doi:10.3389/fsurg.2019.00001
 31. Salén, BA, Spangfort, EV, Nygren, AL, and Nordemar, R. The Disability Rating Index: an Instrument for the Assessment of Disability in Clinical Settings. J Clin Epidemiol (1994) 47(12):1423–35. doi:10.1016/0895-4356(94)90086-8
 32. Nahas, FX. An Aesthetic Classification of the Abdomen Based on the Myoaponeurotic Layer. Plast Reconstr Surg (2001) 108(6):1787–95. discussion 96-7. doi:10.1097/00006534-200111000-00057
 33. Gluppe, SL, Hilde, G, Tennfjord, MK, Engh, ME, and Bø, K. Effect of a Postpartum Training Program on the Prevalence of Diastasis Recti Abdominis in Postpartum Primiparous Women: A Randomized Controlled Trial. Phys Ther (2018) 98(4):260–8. doi:10.1093/ptj/pzy008
 34. Lee, D, and Hodges, PW. Behavior of the Linea Alba during a Curl-Up Task in Diastasis Rectus Abdominis: An Observational Study. J Orthop Sports Phys Ther (2016) 46(7):580–9. doi:10.2519/jospt.2016.6536
 35. van Wingerden, JP, Ronchetti, I, Sneiders, D, Lange, JF, and Kleinrensink, GJ. Anterior and Posterior Rectus Abdominis Sheath Stiffness in Relation to Diastasis Recti: Abdominal wall Training or Not?J Bodyw Mov Ther (2020) 24(1):147–53. doi:10.1016/j.jbmt.2019.10.015
 36. Keeler, JD. A Survey of Women's Health Specialists for Current Physical Therapy Clinical Practice for Postpartum Women. In: MD Albrecht, LD Eberhardt, LM Horn, CM Donnelly, and DP Lowe PhD 2, editors. Journal of Women's Health Physical Therapy . Philadelphia: Wolters Kluwer (2012). p. 131–42.
 37. Thabet, AA, and Alshehri, MA. Efficacy of Deep Core Stability Exercise Program in Postpartum Women with Diastasis Recti Abdominis: a Randomised Controlled Trial. J Musculoskelet Neuronal Interact (2019) 19(1):62–8.
 38. Gustavsson, C, and Eriksson-Crommert, M. Physiotherapists' and Midwives' Views of Increased Inter Recti Abdominis Distance and its Management in Women after Childbirth. BMC Womens Health (2020) 20(1):37. doi:10.1186/s12905-020-00907-9
 39. O'Neill, TW, and Felson, DT. Mechanisms of Osteoarthritis (OA) Pain. Curr Osteoporos Rep (2018) 16(5):611–6. doi:10.1007/s11914-018-0477-1
 40. Gademan, MG, Hofstede, SN, Vliet Vlieland, TP, Nelissen, RG, and Marang-van de Mheen, PJ. Indication Criteria for Total Hip or Knee Arthroplasty in Osteoarthritis: a State-Of-The-Science Overview. BMC Musculoskelet Disord (2016) 17(1):463. doi:10.1186/s12891-016-1325-z
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Bixo, Sandblom, Österberg, Stackelberg, Bewö and Olsson. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/jaws-01-10909-t001.jpg
Total (n = 224) p-value®
<3cm (n=8) >3¢m (n = 216)
Characteristics
Age, years 39 (21-67) 355 (34-44) 39 (21-67) 035
Body Mass Index, kg/m? 22.4 (17.0-36.0) 23.2 (19.5-20.6) 22.4 (17-36) 056
Parity 2(1-5) 2(2-2) 2(1-5) 025
Vaginal 2(0-5) 1(0-2) 2(0-5) 0.10
Sectio 1(0-4) 103 1(0-4) 094
Inter-recti distance, cm
Uttrasound 45 (20-12.0) 23 (2-28) 48 (3-12) A
Intraoperative, n = 164° 5(3-13) 45 5(3-13) (N/A)
Abdominal Trunk Function Protocol
Specific DRI (0-100p)
Get dressed and undress without help 1(0-81) 0(0-7) 1(0-81) 053
Taking walks 5 (0-95) 0 (0-45) 6 (0-95) 0.049
Walk on stairs 4(0-94) 0(0-45) 4(0-94) 0.1
Sitting down for a longer period of time 24 (0-96) 05 (0-44) 25 (0-96) 0011
Stand bent over doing dishes 38 (0-100) 1(0-51) 40 (0-100) 0.005
Cany a stiitcase or bag 24 (0-100) 1.5 (0-64) 27 (0-100) 0.066
Making the bed 11 (0-100) 0 (0-65) 13 (0-100) 0.051
Running 50 (0-100) 0(0-77) 50 (0-100) <0.001
Light manual labour 18 (0-100) 0(0-51) 18 (0-100) 0.007
Heavy manual labour 53 (0-100) 35 (0-88) 55 (0-100) <0.001
Heavy lifts 63 (0-100) 235 (0-100) 66 (0-100) 0013
Exercise/sports 50 (0-100) 35 (0-78) 50 (0-100) 0.002
DRI points for the 7 lightest categories (0-700p) 121 (0-574) 155 (0-282) 130 (0-574) 0019
DRI points for the 5 heaviest categories (0-500p) 234 (0-500) 445 (0-394) 243 (0-500) 0.003
Overall DRI points (0-1200p) 373 (0-1,063) 62.5 (0-676) 390 (0-1,083) 0.001

Values are medians (range) unless otherwise indicated.
"p-values for differences across categories of IRD were obtained using the Kruskal-Walls test.
b\ = 1 patient underwent surgery with an interrecti distance <3 cm.
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aadiusted for Body Mass Index as a continuous variable, and number of parities.

Change in DRI-points for each cm increment in inter recti distance (95% Cl)

Univariable

0(-2-2)
1(-1-8)
0(-3-3
0(-3-3)
2 (-2-5)
2 (-1-4)
0(-3-3)
5(1-8)
1 (-1-4)
3(0-6)
3(-0-6)
3(0-6)
4(-10-18)
14 (1-28)
19 (-5-44)

P

0.98
0.78
0.53
0.94
0.30
0.25
0.96
0.007
027
0.036
0.10
0.047
057
0.038
0.13

Multivariable®

0(-1-2)
-1(-4-3)
-1 (-4-8)
-2(-6-2)
-2(-6-2)
-2(-5-2)
-1(-5-2)
3(-2-9
1(-3-4)
2 (-2-6)
2(-3-6)
3(-1-6)

-7 (-25-11)
10 (-7-27)
3 (-30-35)

P

0.59
0.75
0.75
0.25
0.37
0.38
0.50
0.25
0.74
0.23
0.42
0.17
0.42
0.25
0.87
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