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ABSTRACT
OBJECTIVE: The aim of the paper is to determine the prevalence of levator ani muscle injuries and identify 
risk factors among women undergoing vaginal birth after Caesarean section (VBAC) compared to those with 
elective repeat Caesarean section (ERCS). 
MATERIAL AND METHODS: This prospective observational comparative study was conducted at the 2nd 
Clinic of Gynaecology and Obstetrics of FM CU and UN Bratislava. Women with a history of one Caesarean 
section were included in the study. They were divided into those who had a successful VBAC and those who 
delivered by ERCS. The mothers underwent a 3D/4D ultrasound examination of the pelvic fl oor muscles 3‒5 
days after childbirth. The study evaluates the frequency and risk factors of avulsion injury of the levator ani 
muscle (LAM) in a group of 46 women after a successful vaginal delivery after a previous Caesarean section 
and 32 women after ERCS using 3D/4D transperineal ultrasound examination of the pelvic fl oor.
RESULTS: A total of 78 women were included in the study, 46 after VBAC and 32 after ERCS. In the fi rst 
group, we recorded LAM avulsion injury in 13 cases (28.3 %); in the post-ERCS group, we did not record 
this injury (p < 0.0001). We also found an overdistended hiatal area (21.0 vs 19.4 cm2) and a more frequent 
occurrence of the area exceeding 25 cm2 (21.3 % vs 6.2 %, p = 0.0340) which was approaching the 
statistical signifi cance. In the fi rst group, we identifi ed an increase in weight during pregnancy to 15 kg and a 
neonatal birthweight of 4,000 g or higher as risk factors for LAM injury. 
CONCLUSION: In the group of women with VBAC, there is a statistically signifi cant risk of LAM avulsion 
and a higher occurrence of the overdistended area of   the hiatus urogenitalis, especially in women with larger 
foetuses and in those who experienced greater weight gain during pregnancy (Tab. 3, Ref. 50). Tex  t in PDF 
www.elis.sk
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Introduction

Due to our upright body position and relatively large foetal 
head, pregnancy and childbirth have become a signifi cantly stress-
ful process for the anatomical structure and function of the pelvic 
fl oor in humans. At the same time, vaginal delivery is a signifi cant 
risk factor for the occurrence of avulsion injury of the levator ani 
muscle (1, 2, 3). The levator ani muscle is the largest component of 

the pelvic fl oor muscles and is of fundamental importance in sup-
porting the pelvic organs (4, 5). It is a functional muscle complex 
anatomically consisting of three components: the pubococcygeus 
muscle, the iliococcygeus muscle and the coccygeus muscle (6). 
The line of the muscle is V-shaped, which forms an anorectal 
junction loop posterior to the transition from the anus to the anal 
opening and attaches to the lower edge of the symphysis (7). The 
muscle line potentially defi nes the largest hernial portal in the hu-
man body, i.e., levator hiatus and plays a key role in supporting 
the pelvic organs (8, 9, 10). The levator ani muscle (LAM) has 
a complex structure composed mainly of striated muscles with a 
minority of smooth muscle fi bres. Innervation of the muscle is 
provided through somatic and visceral nerve fi bres (11, 12). Dur-
ing vaginal delivery, LAM fi bres are stretched more than three 
times due to the pressure of the presentation part of the foetus and 
pushing forces of the mother (13). Stretching greater than usually 
tolerated by the skeletal muscle can lead to expansion of the leva-
tor hiatus (so-called ballooning) and, in some women, results in 
injury of this muscle. Avulsion of the levator ani muscle is cha-
racterised by a complete traumatic separation of the muscle from 
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its insertion in the pubic bone (14, 15, 16). It is a well-known fact 
that vaginal delivery is a risk factor for developing pelvic organ 
prolapse due to LAM avulsion injury (17, 18, 19). 

Published data also confi rm that LAM trauma is a primary fac-
tor in the aetiology of pelvic organ prolapse (POP) and subsequent 
occurrence of pelvic fl oor dysfunction of varying degrees and na-
ture (18). As a result of the increase in the frequency of Caesarean 
sections, especially among primiparous women, the number of 
pregnant women and women with a history of Caesarean section 
is increasing (20, 21). Information about the consequences of a 
natural birth on the condition of the pelvic fl oor muscles is also 
important as part of counselling on childbirth management. Ac-
cording to some data, a higher incidence of sphincter ani muscle 
injuries can be expected in women after vaginal delivery after a 
previous Caesarean section (22). In the literature published so far, 
there is not enough reliable data focused on LAM injury in women 
with a history of vaginal birth after Caesarean section (VBAC). 
Women with a history of Caesarean section usually have the op-
tion of choosing a delivery method and sign an informed consent 
for elective vaginal delivery. Their decisions can be infl uenced not 
only by the known risks of childbirth (rupture in the area of   the 
uterine scar, the risk of prolonged labour or postpartum bleeding) 
but also by information about the impact of vaginal delivery after 
Caesarean section on long-term quality of life and the occurrence 
of pelvic dysfunctions. Although there is ample existing literature 
on the risk factors of LAM injury in primiparous women, there is 
a lack of data regarding women who undergo VBAC. Therefore, 
the main objective of the study is to diagnose LAM avulsion in-
jury in women with a history of vaginal delivery after Caesarean 
section as compared to women after elective repeat Caesarean 
section (ERCS) and identify individual risk factors leading to the 
occurrence of this injury.

Material and methods

This prospective observational study in-
cluded women with a history of Caesarean 
section who decided to give birth at the 2nd 
Clinic of Gynaecology and Obstetrics of the 
Faculty of Medicine, Comenius University 
and University Hospital Bratislava in the 
period from January 1, 2021, to December 
31, 2021. Inclusion criteria were the his-
tory of one Caesarean section, no vaginal 
delivery in the past, the age over 18 years, 
singleton pregnancy at term, vertex pre-
sentation, and consent to be included in the 
study. Exclusion criteria were a dead foe-
tus, known growth restriction of the foetus, 
known congenital developmental defects of 
the foetus, and severe general neurological 
diseases of the mother. 

Women were divided into two groups 
according to their preference to give birth 
vaginally or by elective Caesarean section. 

In the VBAC group, only those who successfully gave birth vagi-
nally without the use of extraction surgery (vacuum extraction or 
forceps) were included in the follow-up. 

In both monitored groups, on postpartum days 3‒5, an ul-
trasound examination of the pelvic fl oor was performed using a 
3D/4D convex probe with a GE Voluson E8 ultrasound device. The 
examination was performed by one instructed person. LAM avul-
sion on ultrasound examination was diagnosed by discontinuity of 
the muscle fi bres in 3D imaging and by separation of part of the 
muscle from the symphysis with minimal or no muscle movement 
anteriorly and superiorly during contraction attempts in 4D imag-
ing (23, 24, 25, 26). The examination was performed in different 
conditions, including rest, muscle contraction and the Valsalva 
manoeuvre. The 4D loops were recorded and later analysed using 
TUI (tomographic ultrasound imaging) and OmniView software 
functions (26). Expansion of the area of   the hiatus urogenitalis 
(so-called ballooning) is defi ned as an area > 25 cm2 during the Val-
salva manoeuvre (27, 28). The obtained data were recorded in the 
Microsoft Excel system and statistically processed using OpenEpi
software. Parametric data were compared using Student’s t-test, 
and categorical data using Fisher’s test. We used p < 0.05 as a sta-
tistically signifi cant value. The study was approved by the Ružinov 
University Hospital Ethics Committee on January 1, 2021.

Results

During the mentioned period, 3,139 women gave birth at the 
2nd Clinic of Gynaecology and Obstetrics, of whom 318 women 
had a history of Caesarean section in the past, 78 mothers met the 
inclusion criteria, of whom 46 gave birth vaginally after Caesarean 
section, and 32 had their pregnancy terminated by elective Cae-
sarean section. Table 1 includes a comparison of some parameters 
in both monitored groups. We found a statistically signifi cant age 
difference; women undergoing elective Caesarean section were 
slightly older on average (36.0 vs 33.9, p = 0.0310). However, we 

VBAC 
(n=46) % ERSC 

(n=32) % p, RR

Mean age 33.9 
(22‒42)

36.0 
(24‒45) 0.0310

Age 35 years or older 19 41.3 18 56.3 0.1424

BMI average before pregnancy 22.5 
(17.8‒33.4) 23.9 0.1179

BMI > 25 before pregnancy 8 17.4 11 34.3

Average weight gain 13.5 
(5‒27)

13.6 
(4‒26) 0.9273

Weight gain > 15 kg 14 30.4 8 25.0 0.3077

Average foetal weight 3,454.6 
(2,370‒4590)

3,488.1 
(2,330‒4,320) 0.2550

Weight 4,000 g or more 6 13 6 18.8 0.7790
Signs of m. levator ani avulsion 13 28.3 0 p < 0.0001

Hiatus area (cm2) 21.0 
(14‒28)

19.4 
(14‒25) 0.0675

Area 25 cm2 or larger 10 21.3 2 6.2 0.0340
ERSC – elective repeat Caesarean section; VBAC – vaginal birth after Caesarean section

Tab. 1. Comparison of some parameters in both monitored groups.
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did not fi nd a statistically signifi cant difference in the represen-
tation of women over 35 years of age. There was no statistically 
signifi cant difference in BMI before pregnancy, weight gain during 
pregnancy and average foetal weight in both groups. 

We demonstrated a statistically signifi cantly higher incidence 
of LAM injury in women who gave birth vaginally after Cae-
sarean section as compared to women who gave birth by elec-
tive Caesarean section (28.3 % vs 0 %, p < 0.001). At the same 
time, overdistended hiatus urogenitalis was more often present 
in women after VBAC (21.28 %) compared to those after ERCS 
(6.25 %; p = 0.0340). 

When determining risk factors for avulsion injury in women 
with VBAC, it was necessary to analyse some parameters in the 
group with and without injury. Table 2 includes some birth char-
acteristics of the entire group after vaginal delivery. The most 
common birth injury was a second-degree perineal tear in 56.5 % 
of cases. Table 3 compares the incidence of some characteristics 
in the VBAC group with avulsion (13 women) and without avul-

sion (33 women). As statistically signifi cant, we found a higher 
weight gain during pregnancy, the number of women who gained 
more than 15 kg during pregnancy, a higher average weight of 
the foetus and the number of foetuses weighing 4,000 g or more. 
Women with LAM avulsion also had a larger hiatal area on aver-
age and more frequent hiatus dilation of 25 cm2 or larger. We did 
not fi nd a statistically signifi cant difference in age, administration 
of oxytocin during the fi rst stage of labour, epidural analgesia, or 
in other birth injuries. 

Discussion

Most studies report that pelvic fl oor muscle injuries occur 
primarily during the fi rst delivery (29, 30, 31). In addition to 
childbirth, microtraumas of the pelvic fl oor are also involved in 
pregnancy, in which the entire weight of the pregnant uterus rests 
on the levator plate, so it can be assumed that even women who 
gave birth to their fi rst child by Caesarean section would have a 
different prevalence of pelvic fl oor injuries compared to women 
who have not yet given birth (32). VBAC has one more peculiar-
ity compared to normal fi rst birth, namely that Kristeller’s expres-
sion is strictly contraindicated, which increases the risk of pelvic 
fl oor injury (33). 

VBAC is a method of birth in which women are exposed to 
the risk of injury to the pelvic fl oor muscles as well as overdisten-
tion of the hiatus urogenitalis (levator hiatus) with possible per-
manent damage to their function. The results of our study show 
that the risk of LAM avulsion injury following vaginal delivery 
after Caesarean section is higher than after repeat Caesarean sec-
tion. Our results are also comparable to previously published data. 

In a Czech observational multicentre a co-
hort study that included 141 women after 
VBAC, 32.6 % of women in this group had 
an avulsion injury. The results of this study 
also confi rm an increased risk of LAM in-
jury in women undergoing VBAC compared 
to primiparous women in their fi rst vagi-
nal delivery (32). Other studies comparing 
the risk of avulsion after VBAC have not 
been published yet. Another study reported 
a higher incidence of hiatus urogenitalis 
overdistention after vaginal delivery com-
pared to Caesarean section (34). Data from 
an Australian study led by Shek et al report a 
higher prevalence of hiatus urogenitalis en-
largement in women after vaginal delivery 
compared to women after Caesarean section 
(34). In their study focused on the pres-
ence of LAM avulsion injury in primiparous 
women, Cassadó et al reported that among 
examined women, the overall prevalence of 
levator muscle avulsion was 18.8 % (35). 

Among the risk factors of avulsion in-
jury, studies indicate, above all, the older 
age of women (36, 37, 38). In our study, 

n %
Induction of labour 11 23.9
Augmentation of labour with oxytocin 10 21.7
Epidural analgesia 26 56.5
Rupture of the cervix 7 15.2
Episiotomy 14 30.4
Second-degree perineal tears 26 56.5
Third- and fourth-degree perineal tears 1 2.2
Vaginal tear 10 21.7

Tab. 2. Birth characteristics in VBAC group (n=46).

avulsion (n=13) no avulsion (n=33)
p

n % n %

Mean age 36.5 
(31‒43)

34.4 
(23‒39) 0.0770

Age 35 years or older 9 69.2 15 45.4 0.1299

BMI before pregnancy 23.0 
(19.0–29.8)

20.2
(17.8–33.4) 0.6069

BMI over 25 2 15.4 6 18.2 0.5971
Average weight gain during 
pregnancy (kg) 

16.2 
(5‒27)

12.3 
(3‒23) 0.0162

Weight gain > 15kg 8 61.5 11 33.3 0.0488 

Average foetal weight (g) 3,798 
(2,990–4,590)

3,319 
(2,370 – 4,500) 0.0022

Weight 4,000 g or more 5 38.5 1 3.0 0.0024

Hiatus area (cm2) 24.0 
(20‒27)

19.5
(14‒28) p < 0.0001

Area 25 cm2 or larger 6 46.1 6 18.2 0.0036
Augmentation of labour with oxytocin 2 15.4 8 24.2 0.2785
Epidural analgesia 9 69.2 17 51.5 0.1503
Rupture of the cervix 1 7.7 6 18.2 0.2143
Episiotomy 3 23.1 11 33.3 0.2652
Second-degree perineal tears  9 69.2 16 48.5 0.1131
Third- and fourth-degree perineal tears 1 7.692 0 0.1413
Vaginal tear 2 15.3 8 24.2 0.2785

Tab. 3. Comparison of risk factors for avulsion injury in VBAC.
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women with avulsion injury were slightly older (36.5 years versus 
34.4 on average), but the difference was just below the threshold 
of statistical signifi cance (p = 0.0770). 

Similar to the studies on primiparous women, our fi ndings 
indicate that a risk factor for avulsion injury in VBAC is primar-
ily the higher foetal weight (39, 40). Extractive vaginal surgery is 
mentioned as a clear risk factor in the literature, while forceps are 
riskier in this regard (41, 42, 43, 44). As our aim was to determine 
non-iatrogenic factors, we excluded from the study women after 
vaginal extraction operations. In our group, foetal weight was a sig-
nifi cant risk factor for avulsion injury. The mechanism is probably
caused by excessive distention of the urogenital hiatus during the 
passage of a larger foetal head. This fact was proven in studies 
on primiparous women; even the foetal weight was a predictor of 
the later onset of pelvic organ prolapse (36, 45). However, not all 
studies have proven this fact; it is possible that patient manage-
ment in the second stage of labour and delayed pushing during 
delivery of the foetal head also play a role.

The relationship between obesity and excessive maternal 
weight gain to birth injury also appears controversial (46). In the 
case of anal sphincter injury, obesity is a risk factor, but primarily 
because of its association with higher foetal weight (47). In the 
literature examining the levator ani muscle injury, we found no 
evidence of the effect of maternal weight. Our study did not prove 
obesity and overweight before pregnancy as risk factors, but exces-
sive weight gain during pregnancy increased the risk. However, 
we assume it was related to excessive foetal weight, as excessive 
maternal weight gain is associated with foetal macrosomia. 

Some studies have shown a protective effect of epidural an-
algesia, but in our case, we could not prove this effect (48). We 
were also unable to establish a connection with other injuries, as 
reported in the literature (49, 50). 

Conclusion 

Our results show that women undergoing VBAC have an in-
creased risk of levator muscle injury compared to elective Caesar-
ean section. The risk increases in women with excessive weight 
gain during pregnancy and in those with higher neonatal birth 
weight. Information about the effect of vaginal delivery after 
Caesarean section on long-term quality of life and the occurrence 
of pelvic dysfunctions could infl uence the method of delivery in 
women with a history of Caesarean section. In the case of elective 
vaginal delivery after a previous Caesarean section, mothers sign 
an informed consent, which should include information about the 
increased risk of injury to the levator ani muscle.

References 

1. Dietz HP, Walsh C, Subramaniam N et al. Levator avulsion and vagi-
nal parity: do subsequent vaginal births matter? Int Urogynecol J 2020; 
31 (11): 2311‒2315.

2. Kreft M, Cai P, Furrer E, Richter A, Zimmermann R, Kimmich N. 
The evolution of levator ani muscle trauma over the fi rst 9 months after 
vaginal birth. Int Urogynecol J 2022; 33 (9): 2445‒2453.

3. Youssef A, Brunelli E, Pilu G, Dietz HP. The maternal pelvic fl oor 
and labor outcome. Am J Obstet Gynecol MFM 2021; 3 (6S): 100452.

4. Eickmeyer SM. Anatomy and Physiology of the Pelvic Floor. Phys 
Med Rehabil Clin N Am 2017; 28 (3): 455‒460.

5. Nyangoh Timoh K, Bessede T, Zaitouna M, Peschaud F, Chevallier 
JM, Fauconnier A, Benoit G, Moszkowicz D. Anatomie du muscle élé-
vateur de l’anus et applications en gynécologie obstétrique [Anatomy of 
the levator ani muscle and implications for obstetrics and gynaecology]. 
Gynecol Obstet Fertil 2015; 43 (1): 84‒90.

6. Alketbi MSG, Meyer J, Robert‒Yap J et al. Levator ani and puborec-
talis muscle rupture: diagnosis and repair for perineal instability. Tech 
Coloproctol 2021; 25 (8): 923‒933. 

7. Chin HY, Peng CW, Wu MP et al. Attachment of the levator ani muscle 
extends to the superior ramus of the pubic bone through electrophysiologi-
cal and anatomical examinations. Sci Rep 2021; 11 (1): 9483.

8. Kamisan Atan I, Lin S, Dietz HP et al. Levator ani muscle avulsion: 
Digital palpation versus tomographic ultrasound imaging. Int J Gynaecol 
Obstet 2022; 156 (2): 270‒275. 

9. Kim J, Betschart C, Ramanah R et al. Anatomy of the pubovisceral 
muscle origin: Macroscopic and microscopic fi ndings within the injury 
zone. Neurourol Urodyn 2015; 34 (8): 774‒780.

10. Muro S, Nimura A, Ibara T et al. Anatomical basis for contribu-
tion of hip joint motion by the obturator internus to defaecation/urinary 
functions by the levator ani via the obturator fascia. J Anat 2023; 242 (4): 
657‒665.

11. Baramee P, Muro S, Suriyut J et al. Three muscle slings of the pel-
vic fl oor in women: an anatomic study. Anatomical Science International 
95 (1): 47–53. 

12. Chin, H.Y. , Peng, C.W. , Wu, M.P. et al. Attachment of the levator ani 
muscle extends to the superior ramus of the pubic bone through electrophys-
iological and anatomical examinations. Scientifi c Reports, 11 (1): 9483.

13. Němec M, Horčička L, Krofta L et al. Anatomy and biomechanic of 
the musculus levator ani. Ceska Gynekol 2019 Summer; 84 (5): 393‒397.

14. Dietz HP, Franco AV, Shek KL et al. Avulsion injury and levator hiatal 
ballooning: two independent risk factors for prolapse? An observational 
study. Acta Obstet Gynecol Scand 2012; 91 (2): 211‒214. 

15. Doxford-Hook E, Downey C, Gibson J et al. A review of levator ani 
avulsion after childbirth: Incidence, imaging and management. Midwifery 
2022; 115: 103494. 

16. Doxford-Hook EA, Slemeck E, Downey CL et al. Management of 
levator ani avulsion: a systematic review and narrative synthesis. Arch 
Gynecol Obstet 2023.

17. García-Mejido JA, Sainz JA. Type of levator ani muscle avulsion 
as predictor for the disappearance of avulsion. Neurourol Urodyn 2020; 
39 (8): 2293‒2300.

18. Kimmich N, Birri J, Zimmermann R et al. Prediction of levator ani 
muscle avulsion by genital tears after vaginal birth-a prospective observa-
tional cohort study. Int Urogynecol J 2020; 31 (11): 2361‒2366. 

19. Speksnijder L, Oom DMJ, Van Bavel J et al. Association of levator 
injury and urogynecological complaints in women after their fi rst vaginal 
birth with and without mediolateral episiotomy. Am J Obstet Gynecol 
2019; 220 (1): 93.e1‒93.e9.

20. Zahumensky J, Psenkova P, Nemethova B et al. Evaluation of ce-
sarean delivery rates at three university hospital labor units using the Rob-
son classifi cation system. Int J Gynaecol Obstet 2019; 146 (1): 118‒125. 



Livia MELNIKOVA et al. Pelvic fl oor muscle injuries in women with a history of Caesarean section 

xx

737

21. Betrán AP, Temmerman M, Kingdon C et al. Interventions to re-
duce unnecessary Caesarean sections in healthy women and babies. Lancet 
2018; 392 (10155): 1358‒1368.

22. Brown O, Luchristt D, Miller ES et al. Is there an Association be-
tween Vaginal Birth after Cesarean Prediction and Obstetric Anal Sphincter 
Injury? Am J Perinatol 2022 My; 39 (7): 750‒758. 

23. Rostamina G, Peck J. Levator plate Upward lift on Dynamic Sonog-
raphy and Levator muscle strength. J Ultrasound Med 2015; 34: 1787.

24. van Veelen GA, Schweitzer KJ, van der Vaart CH. Ultrasound imag-
ing of the pelvic fl oor: changes in anatomy during and after fi rst pregnancy. 
Ultrasound Obstet Gynecol 2014; 44 (4): 476‒480. 

25. Falkert A, Endress E, Weigl M et al. Three-dimensional ultrasound 
of the pelvic fl oor 2 days after fi rst delivery: infl uence of constitutional 
and obstetric factors. Ultrasound Obstet Gynecol 2010; 35 (5): 583‒588. 

26. Dietz HP, Rojas RG, Shek KL. Postprocessing of pelvic fl oor ultra-
sound data: how repeatable is it? Aust N Z J Obstet Gynaecol 2014; 54 
(6): 553‒557.

27. Dietz HP. Ultrasound imaging of the pelvic fl oor. Part II: threedi-
mensional or volume imaging. Ultrasound Obstet Gynecol 2004; 23: 
615–625.

28. Dietz HP, Shek C, De Leon J, Steensma AB. Ballooning of the leva-
tor hiatus. Ultrasound Obstet Gynecol 2008; 31 (6): 676‒680. 

29. Dietz HP, Walsh C, Subramaniam N, Friedman T. Levator avulsion 
and vaginal parity: do subsequent vaginal births matter? Int Urogynecol 
J 2020; 31 (11): 2311‒2315. 

30. Kamisan Atan I, Lin S, Dietz HP, Herbison P, Wilson PD; Pro-
Long Study Group. It is the fi rst birth that does the damage: a cross-
sectional study 20 years after delivery. Int Urogynecol J 2018; 29 (11): 
1637‒1643. 

31. Blomquist JL, Muñoz A, Carroll M et al. Association of Delivery 
Mode With Pelvic Floor Disorders After Childbirth. JAMA 2018; 320 
(23): 2438‒2447.

32. Paymova L, Svabik K, Neumann A, Kalis V, Ismail KM, Rusavy Z. 
Vaginal birth after Cesarean section and levator ani avulsion: a case-control 
study. Ultrasound Obstet Gynecol 2021; 58 (2): 303‒308. 

33. Malvasi A, Zaami S, Tinelli A et al. Kristeller maneuvers or fundal 
pressure and maternal/neonatal morbidity: obstetric and judicial literature 
review. J Matern Fetal Neonatal Med 2019; 32 (15): 2598‒2607.

34. Shek KL, Dietz HP. The effect of childbirth on hiatal dimensions. 
Obstetrics and Gynecology 2009: 1272‒1278.

35. Cassadó J, Simó M, Rodríguez N, Porta O, Huguet E, Mora I, 
Girvent M, Fernández R, Gich I. Prevalence of levator ani avulsion in 
a multicenter study (PAMELA study). Arch Gynecol Obstet 2020; 302 
(1): 273‒280. 

36. Kearney R, Miller JM, Ashton-Miller JA, DeLancey JO. Obstetric 
factors associated with levator ani muscle injury after vaginal birth. Obstet 
Gynecol 2006; 107 (1): 144‒149. 

37. Rahmanou P, Caudwell-Hall J, Kamisan Atan I, Dietz HP. The 
association between maternal age at fi rst delivery and risk of obstetric 
trauma. Am J Obstet Gynecol 2016; 215 (4): 451.e1‒7.

38. Caudwell-Hall J, Kamisan Atan I, Martin A, Guzman Rojas R, 
Langer S, Shek K, Dietz HP. Intrapartum predictors of maternal levator 
ani injury. Acta Obstet Gynecol Scand 2017; 96 (4): 426‒431.

39. Halle TK, Staer-Jensen J, Hilde G, Bø K, Ellström Engh M, Sia-
farikas F. Change in prevalence of major levator ani muscle defects from 
6 weeks to 1 year postpartum, and maternal and obstetric risk factors: A 
longitudinal ultrasound study. Acta Obstet Gynecol Scand 2020; 99 (10): 
1403‒1410. 

40. Martinho N, Friedman T, Turel F, Robledo K, Riccetto C, Dietz 
HP. Birthweight and pelvic fl oor trauma after vaginal childbirth. Int Uro-
gynecol J 2019; 30 (6): 985‒990.

41. Friedman T, Eslick GD, Dietz HP. Delivery mode and the risk of 
levator muscle avulsion: a meta-analysis. Int Urogynecol J 2019; 30 (6): 
901‒907. 

42. Shek KL, Dietz HP. Vaginal birth and pelvic fl oor trauma, Current 
Obstetrics and Gynecology Reports (2019) 8: 15–25.

43. Handa VL, Blomquist JL, Roem J, Muñoz A, Dietz HP. Levator 
Morphology and Strength After Obstetric Avulsion of the Levator Ani 
Muscle. Female Pelvic Med Reconstr Surg 2020; 26 (1): 56‒60.

44. García-Mejido JA, Fernández-Palacín A, Bonomi Barby MJ et al. 
A comparable rate of levator ani muscle injury in operative vaginal delivery 
(forceps and vacuum) according to the characteristics of the instrumenta-
tion. Acta Obstet Gynecol Scand 2019; 98 (6): 729‒736.

45. Garcia-Mejido JA, Gutierrez-Palomino L, Borrero C et al. Fac-
tors that infl uence the development of avulsion of the levator ani muscle 
in eutocic deliveries: 3-4D transperineal ultrasound study. J Matern Fetal 
Neonatal Med 2016; 29 (19): 3183‒3186. 

46. Chi X, Yu S, Zhu K et al. Infl uence of Different Obstetric Factors 
on Early Postpartum Pelvic Floor Function in Primiparas After Vaginal 
Delivery. Int J Womens Health 2023; 15: 81‒90.

47. Barca JA, Bravo C, Pintado-Recarte MP, Cueto-Hernández I et 
al. Risk Factors in Third- and Fourth-Degree Perineal Tears in Women in 
a Tertiary Centre: An Observational Ambispective Cohort Study. J Pers 
Med 2021; 11 (8): 685. 

48. Urbankova I, Grohregin K, Hanacek J et al. The effect of the fi rst 
vaginal birth on pelvic fl oor anatomy and dysfunction. Int Urogynecol J 
2019; 30 (10): 1689‒1696.

49. Shek KL, Green K, Hall J, Guzman-Rojas R,  Dietz HP. Perineal and 
vaginal tears are clinical markers for occult levator ani trauma: a retrospec-
tive observational study. Ultrasound Obstet Gynecol 2016; 47 (2): 224‒227. 

50. Leombroni M, Buca D, Liberati M et al. Post-partum pelvic fl oor 
dysfunction assessed on 3D rotational ultrasound: a prospective study on 
women with fi rst- and second-degree perineal tears and episiotomy. J Ma-
tern Fetal Neonatal Med 2021; 34 (3): 445‒455. 

Received March 20, 2023.
Accepted April 24, 2023.


