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Background: We believe that physiotherapy with muscle training (MT) of the postpartum pelvic floor may 
lead to a change in the clinical management of patients with avulsion of the puborectal portion of the levator 
ani muscle (LAM). Our objective is to assess whether physiotherapy with MT of the postpartum pelvic floor 
in patients with LAM avulsion produces changes in pelvic floor morphology evaluated by 3/4D transperineal 
ultrasound.
Methods: This parallel randomized controlled trial (RCT) included 97 primiparous patients. A study 
was conducted in three parts. In the first part (3 months postpartum), primiparous patients with LAM 
avulsion were recruited, and the levator hiatus and the LAM areas were measured using 3/4D transperineal 
ultrasound. In the second part (3 to 6 months postpartum), patients were randomized into two groups, with 
one undergoing rehabilitation (experimental group) and another without rehabilitation (control group). At 
the end of 6 months, a new transperineal ultrasound was performed. In the third part (9 months postpartum), 
the levator hiatus and LAM dimensions were analyzed again. The RCT was registered at ClinicalTrials.
gov (NCT03686956). Project PI16/01387 funded by Instituto de Salud Carlos III (Spain) integrated in the 
national I+D+i 2013–2016 and cofounded by the European Union (ERDF/ESF, “Investing in your future”).
Results: A total of 92 completed the study, including 46 patients in the experimental group and 46 in 
the control group. The experimental group had a greater LAM area at 6 months (9.2±1.9 vs. 7.6±2.1 cm2, 
P=0.008; 95% CI: 0.6–3.0) and 9 months after labor (9.4±2.7 vs. 7.6±2.0 cm2, P=0.012; 95% CI: 0.4–3.2), 
which was not observed at 3 months postpartum (8.3±1.6 vs. 7.5±2.3 cm2; P=0.183; 95% CI: 0.39–1.99). The 
levator hiatus area decreased more in the experimental group in almost all comparisons. The most significant 
change occurred from 3 to 6 months during the Valsalva maneuver (–3.92±5.12 vs. 0.45±3.06 cm2; P<0.005; 
95% CI: 2.64–5.00).
Conclusions: Women with a rehabilitated LAM through physiotherapy showed a significant reduction 
in the levator hiatus area during Valsalva while receiving in-person physical therapy (3 to 6 months after 
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Introduction

Pregnancy induces changes in the pelvic floor. There is 
remodeling of the connective and muscular structures 
during pregnancy (1). Furthermore, additional injuries to 
the puborectal portion of the levator ani muscle (LAM) 
occur during childbirth. These injuries are caused by the 
changes that occur in the hiatus of the levator muscle to 
allow the passage of the fetal head during childbirth (2,3), 
and they are present in 10–36% of vaginal deliveries (4). 

LAM avulsion defined, as an abnormal insertion of the 
puborectalis muscle at the level of the pubis (4), produces 
a larger levator hiatus area (5) and reduces the LAM area 
(6-8). The diagnosis of avulsion LAM by transperineal 
ultrasound is the most widely used technique, defining 
it as abnormal insertion of the muscle in the all three 
central slices (4) with levator–urethra gap ≥2.5 cm (9). In 
turn, LAM avulsion (10,11) and ballooning (12) can lead 
to pelvic organ prolapse, especially of the anterior and 
central compartments, which are unrelated to stress urinary 
incontinence (13). For women with avulsion, the average 
latency between the first birth and the need for prolapse 
surgery has been observed to be 33.5 years (3–66 years) (14).

Knowing the consequences of LAM avulsion, it is 
logical to think that the prevention of muscle injury could 
be an important factor in reducing the incidence of pelvic 
floor dysfunction. Multiple factors that may influence the 
onset of LAM avulsion have been studied, such as a longer 
second stage of labor, greater fetal head circumference, 
higher fetal weight, Kristeller maneuver or an instrumented 
birth (1,4,15-21). Despite known risk factors for avulsion, 
there are currently no preventive measures to decrease the 
incidence of avulsion during childbirth; for instance, no 
evidence of a protective effect of the Epi-No® device on 
intrapartum pelvic floor trauma. (22). It has also not been 
possible to predict the injury by intrapartum ultrasound (23); 
in fact, the prediction of LAM trauma before delivery can 
be difficult or even impossible (24). To all this it must be 

added that postnatal surgical repair of the levator injury has 
not been shown to be effective either (25).

Both the clinical management of LAM avulsion and 
avoidance of its long-term consequences are major 
challenges since it is an unpreventable (24) and irreparable 
injury (25). During the postpartum period, LAM avulsion 
has been shown to alter the strength, the contraction, and 
the resistance (26) of the pelvic floor. Hoff Brækken et al. 
described that the changes to the pelvic floor induced by 
muscle training (MT) (elevation of the bladder and rectum 
at rest, and the shrinking of the hiatus during maximum 
Valsalva) can be attributed to the hypertrophy of the LAM 
(thickness of the pubovisceral muscle) (27). However, the 
knowledge on the effect of MT in postpartum patients 
with avulsion LAM is limited. Therefore, strengthening 
the LAM in patients with avulsion is important during this 
period. Therefore, we believe that physiotherapy with MT 
of the postpartum pelvic floor may lead to a change in the 
clinical management of patients with LAM injuries, since 
it could facilitate LAM hypertrophy that counteracts the 
negative effects of avulsion LAM during the postpartum. 
We define physiotherapy with MT as rehabilitation 
program based on the hypopressive technique (three 
months in face-to-face sessions and individually at a rate 
of two 30-minute sessions per week), of active lumbopelvic 
stabilization exercises, including contraction of the pelvic 
floor muscles in the supine plank and quadruped positions, 
guided by the physiotherapists to guarantee correct 
performance. If we associate these aspects with the fact that 
there are no relevant studies on physiotherapy and changes 
in the ultrasound image of LAM, we propose our objective 
to evaluate whether MT, through physiotherapy, of the 
postpartum pelvic floor in patients with LAM avulsion 
produces changes in pelvic floor morphology evaluated by 
3/4D transperineal ultrasound.

We present the following article in accordance with the 
CONSORT reporting checklist (available at https://qims.

delivery). These differences did not persist once physical therapy was completed (6 to 9 months after 
delivery).
Trial Registration: ClinicalTrials.gov identifier NCT03686956.
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Methods

Study population

This parallel randomized controlled trial (RCT) included 
a total of 97 primiparous women were recruited at the 
University Hospital of Valme (Hospital complex serving 
a population of 400,000 people) (Sevilla, Spain) between 
October 1, 2018 and September 1, 2019 (The period 
of time required was calculated based on the number of 
deliveries in our hospital). Patients were assigned by block 
randomization to one of the two study groups (double-
blinded): the experimental group and the control group.

Deliveries were assisted by professionals belonging to our 
maternity unit who had extensive experience. All deliveries 
were performed without the Kristeller maneuver and with 
protection of the maternal perineum at the moment of 
exit of the fetal head. Selective episiotomy (mediolateral) 
was carried out following our hospital’s clinical practice 
guidelines.

The following obstetric parameters were evaluated: 
maternal age, gestational age, induction of labor, epidural 
status, duration of the second stage of labor, fetal head 
position, type of delivery, episiotomy, perineal tears (1st 

degree: laceration of vaginal epithelium or perineal skin 
only; 2nd degree: involvement of the perineal muscle 
but not the anal sphincter; 3rd degree: disruption of the 
anal sphincter muscles; 4th degree: third degree tear with 
disruption of the anal epithelium as well), and fetal head 
circumference.

Patients were recruited three months after delivery, 
including primiparous women who accepted and signed an 
informed consent form for participation in the study with 
a single term pregnancy (37–42 weeks of gestation), an 
eutocic vaginal delivery with a cephalic presentation and a 
fetal weight greater than 3,500 grams or vacuum-assisted 
or forceps delivery, no history of previous pregnancies, and 
no previous surgical interventions for pelvic floor repair. 
Patients without LAM avulsion or who presented some 
type of postpartum pelvic floor dysfunction (pelvic organ 
prolapse, urinary or fecal incontinence, sexual dysfunction 
or pelvic pain) were excluded.

Examination method

An ultrasound evaluation was performed with a Toshiba Aplio 

500® ultrasound system (Toshiba Medical Systems Corp., 
Tokyo, Japan) with 3D abdominal probe PVT-675 MV.  
Images were acquired with patients in dorsal lithotomy on 
a gynecological examination table, with an empty bladder 
placing the transducer on the perineum carefully, exerting 
the minimum possible pressure. Three volumes were 
captured for each patient: at rest, during Valsalva, and at 
maximum contraction (an objective and reliable method) 
(28,29). Before the ultrasound, the patients were instructed 
by the examiner to perform a correct Valsalva maneuver and 
maximum contraction.

The ultrasound evaluation was performed by one expert 
in pelvic floor ultrasound (JAGM) (more than 5 years of 
experience in this area) who was blinded to the obstetric 
data of each birth. Avulsion was defined in the multiscreen 
ultrasound as an abnormal insertion of the LAM in the 
inferior pubic ramus, identified in the plane of minimal 
dimensions (PMD) and the two cranial slices at 2.5 mm 
(10,30). LAM insertion was observed in the three central 
sections. In unclear cases, a levator–urethra gap ≥2.5 cm 
was used to define an abnormal insertion. From the PMD, 
the anteroposterior, transverse, and levator hiatus diameters 
were also determined (31). Increases in these measurements 
in patients with LAM avulsion have been described 
previously (level of evidence II) (1). The LAM area (31) was 
studied at rest in the PMD (Figure 1).

Physiotherapists were responsible for physiotherapy, 
and the patients were unaware of the type of avulsion 
(unilateral or bilateral) and the ultrasound measurements. 
The second phase, or the MT phase, lasted from 3 months 
to 6 months after delivery. Physiotherapy was applied to 
the experimental group by two physiotherapists specializing 
in pelvic floor dysfunction with more than 15 years of 
experience in this field (CS, EM). The physiotherapist 
evaluated that the patients could perform the exercises 
correctly on their own.

Therapy targeting muscular hypertrophy lasted three 
months in face-to-face sessions and individually at a rate 
of two 30-minute per sessions (1 sessions per week). The 
program consisted of pelvic floor exercises assisted by 
manometric biofeedback, which were performed in the 
supine position (with flexed legs). The rehabilitation 
program based on the hypopressive technique was the same 
for all women, performed with the automatic urogynecolgy 
testing of the PHENIX digital manometer (ELECTRONIC 
CONCEPT LIGNON INNOVATION. VIVALTIS). 
In addition, active lumbopelvic stabilization exercises, 
including contraction of the pelvic floor muscles in the 

https://qims.amegroups.com/article/view/10.21037/qims-21-877/rc
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supine plank and quadruped positions, were guided by the 
physiotherapists to guarantee correct performance. 

Together with the treatment at the clinic, patients 
were asked to perform a series of exercises at home:  
8–12 sustained contractions of 6 s, with a rest period of 
double the exercise time, followed by 3–5 fast contractions 
of 2 s at maximum intensity, again followed by resting 
double the exercise time (2 sessions per week). Domiciliary 
exercises were performed in supine, siting and standing 
position. Adherence to in-home treatment was assessed 
through weekly phone calls by the physiotherapists, and 
patients were considered completely adherent when they 
exceeded 90% of the indicated sessions. None of the 
participants suffered adverse effects from the intervention 
performed.

The control group received an information brochure 
with recommendations, including the same program 
of pelvic floor exercises taught to the patients in the 
experimental group, but without any kind of supervision by 
the physiotherapist.

At the end of this phase (6 months after delivery), the 
second postdelivery ultrasound was performed, where the 
measurements of the levator hiatus area and LAM area 
were reassessed. Between 6 and 9 months, all participants 
underwent a physiotherapy rest period.

The  l a s t  par t  o f  the  s tudy  cons i s ted  o f  3/4D 
transperineal ultrasound at 9 months postpartum, where the 
measurements of the levator hiatus area and LAM area were 
analyzed again.

Participants, those administering the intervention 
(physiotherapist), and those assessing the outcome (the 
data collectors and analysts) were blinded to the group 
allocation.

Sample size

To detect a 15% difference in the reduction of the size 
of the levator hiatus area of the LAM between the study 
groups (control/experimental) at 6 months after the 
intervention, considering a common standard deviation 
of 10% (from a pilot study), an α of 5%, and a power of 
80% and assuming a loss rate of 10% in the follow-up, we 
needed 46 women in each group.

Currently, the trial is closed for recruitment and follow-
up, since the sample size was sufficient based on the 
objectives set and the number of participants included in 
the analysis for each intervention group were analyzed 
according to the original group assignment. Start date of 
patient recruitment: October 1, 2018. End date of patient 
recruitment: December 1, 2018. End date of follow-up in 
the result: September 1, 2019.

The randomization procedure used for the assignment 
to one of the two groups: experimental group (A)/control 
group (B) has been a randomization by blocks. This 
procedure attempts to alleviate the problems that arise 
when performing a simple randomization (uneven number 
of patients per group, non-homogeneous distribution 
of prognostic factors between groups, etc.). To avoid 
the above problems, we have used the block-balanced 
randomization technique. In this case, the randomization 
has been carried out using the program nQuery Advisor 
Release 7.0, which automatically assigns the same number 
of patients in the experimental group (A) and in the 
control group (B) for blocks of 4 patients (the size of the 
block is always a multiple of the number of groups), with 
the same number of patients in each group and without 
the possibility that at the end of a block the researcher 

Figure 1 Measurement of the levator hiatus. (A) Levator hiatus area. (B) Levator ani muscle area.

A B

23 mm 23 mm
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knows which treatment to assign. The method used 
by the software to do this for blocks of 4 patients is to 
generate all possible combinations ignoring those with 
uneven location. These combinations are: AABB, ABAB, 
ABBA, BABA, BAAB, and BBAA. These combinations 
are assigned numbers from 1 to 6 and use a random 
number generator for your choice. Suppose the sequence 
is 534, then the BAAB ABBA and BABA blocks would 
be generated for the first 12 patients. If the numbers 7, 
8, 9 or 0 appear they are ignored. The mechanism used 
to implement the random allocation sequence was done 
by sequentially numbered opaque sealed envelope. The 
MJBB researcher, who generated the allocation sequence 
according to the randomization and who enrolled the 
participants, assigned the patients to the physiotherapists 
following the allocation by blocks.

Statistical analysis

The data analysis was carried out by protocol. Our primary 
results were changes in the measurements of the levator 
hiatus area (rest, contraction, and Valsalva) between the 
different phases of the study, and our secondary results 
were changes in the measurements of the LAM area (rest, 
contraction, and Valsalva) between the different phases of 
the study.

In the total sample and in the two study groups (control, 
experimental), the quantitative variables are described by 
means and standard deviations. Qualitative variables are 
written as percentages. For the comparison of the initial 
values of the numerical variables between the two groups, 
Student’s t-test was performed if the data were normally 
distributed, and the Mann-Whitney U-test was performed 
for nonnormally distributed data. For the qualitative 
variables, contingency tables and the chi-squared or Fisher’s 
exact test were used.

To analyze the change in levator hiatus dimensions at 
3, 6, and 9 months in the two treatment groups (control, 
experimental), a general linear model of repeated measures 
(one-way repeated-measures MANOVA) was applied with 
two pathways or factors. The intrasubject factor was the 
measurement times: 3, 6, and 9 months; and the intersubject 
factor was the group: control or experimental.

The above tests were complemented with 95% CIs to 
quantify the effect size. The data analysis was performed 
with the statistical package IBM SPSS Statistics 26 for 
Windows.

Ethical approval

The study was approved by the local Ethics and Research 
Committee (No. 0545-N-18) on 29-05-2018. The RCT 
was registered at ClinicalTrials.gov (NCT03686956). All 
patients gave their written informed consent before starting 
the study. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Results

Of the 209 initial patients who attended the first ultrasound 
examination 3 months after delivery, 97 (46.4%) were 
included in the study, and 92 completed the study, including 
46 patients in the experimental group and 46 in the control 
group. The recruitment of patients is shown in Figure 2. 
The general and obstetric characteristics of the general 
population, the excluded patients, those lost to follow-up, 
and those studied are listed in Table 1.

Comparisons of the levator hiatus dimensions and the 
LAM area are shown in Table 2. The experimental group 
had a larger LAM area at 6 months (9.2±1.9 vs. 7.6±2.1 cm2,  
P=0.008) and at 9 months postpartum (9.4±2.7 vs. 7.6±2.0 cm2;  
P=0.012), which was not present at 3 months postpartum 
(8.3±1.6 vs.  7.5±2.3 cm2; P=0.183). The graphical 
comparison of the changes in the hiatus area of the levator 
muscle at rest and at contraction is shown in Figure 3. 
Patients in the experimental group (blue line) showed a 
lower levator area at 6 and 9 months than patients in the 
control group (red line) both at rest and during contraction.

The difference in the areas of the LAM hiatus between 
the experimental group and the control group in all three 
phases of study are presented in Table 3. The levator hiatus 
area was smaller in the experimental group in almost all 
comparisons. The major change occurred between 3 and 
6 months during the Valsalva maneuver (–3.92±5.12 vs. 
0.45±3.06 cm2; P<0.005), that supposes a decrease of the 
change of the Levator hiatus area (Valsava) of 971%.

Discussion

This is the first clinical trial that studied the behavior of 
muscle structures in patients with LAM avulsion after 
postpartum MT. We observed that women with avulsion 
rehabilitated through physiotherapy had a significant 
reduction in the levator hiatus area during the Valsalva 
maneuver while receiving physical therapy (3 to 6 months 
after delivery). These differences did not persist once in-
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person physiotherapy was completed (6 to 9 months after 
delivery). 

In LAM avulsion patients, during the postpartum period, 
the passive properties of LAM are altered, such as strength, 
contraction rate, and resistance (26). Because of this, pelvic 
MT should be the first line of treatment in patients with 
LAM avulsion (26). These changes have also been described 
in patients with urinary incontinence and pelvic organ 
prolapse (32-34). Therefore, postpartum rehabilitation, by 
improving the function and muscle strength of the pelvic 
floor, increases overall quality of life and leads to a high 
rate of satisfaction among patients (35,36). However, none 
of these aspects (strength, resistance, urinary incontinence, 
pelvic organ prolapse, quality of life, satisfaction) were 
evaluated in our clinical trial.

The changes to the pelvic floor induced by MT can be 
attributed to the hypertrophy of the LAM, the elevation 
of the bladder and rectum at rest, and the shrinking of the 
hiatus during maximum Valsalva (27). These modifications 
could be due to changes in collagen, muscle tissue, and 
other morphological adaptations achieved by MT (37). We 

believe that the effect of the muscular hypertrophy that 
we observed in our patients is due to the type of strength 
training protocol. However, we observe that the levator 
hiatus area during Valsalva increases again when we give 
up the MT. This suggests that to maintain a lower levator 
hiatus area during Valsalva, it is necessary to maintain a 
constant MT over time. Not all rehabilitation protocols for 
the pelvic floor have the same effect on the musculature (38).  
Therefore, some authors have suggested that MT is not 
effective in patients with pelvic organ prolapse with or 
without postpartum LAM injuries (39) in contrast to other 
authors (40-42). However, Hoff Brækken et al. (27) found 
that supervised MT of the pelvic floor can increase muscle 
volume and thus close the levator hiatus. The work of Hoff 
Brækken et al. (27) is consistent with the study by Juez  
et al. (43) and with our work in patients with LAM avulsion 
(Figure 3). 

The main strength of our study is its design. The study 
was a RCT evaluating changes in pelvic floor morphology 
as evaluated postpartum by 3/4D transperineal ultrasound 
in patients with LAM avulsion. We followed up the 

Figure 2 Patient recruitment.

Enrollment

Allocation

Follow-up

Analysis

Assessed for eligibility (n=209)

Allocated to intervention (n=48)
• Control group
• Without physiotherapy treatment
• Start: 3 months after delivery
• End: 6 months after delivery

Lost to follow-up (declined to participate) 
(n=2)
• Start: 6 months after delivery
• End: 9 months after delivery

Analyzed  (n=46)
• 9 months after delivery

Allocated to intervention (n=49)
• Experimental group
• Physiotherapy treatment
• Start: 3 months after delivery
• End: 6 months after delivery

Lost to follow-up (declined to participate) 
(n=3)
• Start: 6 months after delivery
• End: 9 months after delivery

Analyzed  (n=46)
• 9 months after delivery

Excluded
• Without avulsion (n=112; 53.6%)

Included and randomized (n=97; 46.4%)
3 months after delivery
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Table 1 Obstetric and general characteristics

Experimental 
group (n=46)

Control group 
(n=46)

Maternal age 30.4±5.3 31.4±5.3

Gestational age 39.7±1.2 39.4±1.3

Induced labor 8 (17.4) 6 (13.0)

Epidural anesthesia 40 (87.0) 42 (91.3)

Epidural anesthesia duration 
(min)

520.7±232.6 529.8±282.5

Second stage of labor duration 
(min)

104.4±58.3 85.9±56.1

Vacuum delivery 32 (69.6) 38 (82.6)

Forceps delivery 12 (26.1) 8 (17.3)

Fetal head position

Anterior 42 (91.3) 42 (91.3)

Posterior 2 (4.3) 0 (0)

Right transverse 0 (0) 4 (8.7)

Left transverse 2 (4.3) 0 (0)

Episiotomy 44 (95.7) 42 (91.3)

Perineal tears 26 (56.5) 32 (69.6)

Grade I 2 (7.7) 8 (25.0)

Grade II 14 (53.8) 12 (37.6)

Grade III 10 (38.5) 6 (18.7)

Grade IV 0 (0) 6 (18.7)

Fetal head circumference (cm) 35.5±1.4 35.1±1.2

Data presented as mean ± SD or n (%). SD, standard deviation.
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patients after the MT period, which was longer than 
that performed in previous studies (43). In addition, we 
included asymptomatic patients, assuming that adherence 
to treatment was due to the motivation of the study subjects 
and not to a specific pathology, thus reducing possible 
confounding variables. In our study, the control group 
received an information brochure with recommendations 
since we considered offering any type of treatment to these 
patients to be unethical. Adherence to treatment in this 
group was evaluated by telephone as in the experimental 
group. One of the limitations of our study is that our 
results were not correlated with the possible pelvic floor 
dysfunctions existing in each group. Also more details 
about ultrasound measurement and analysis are needed, 
differentiating the type of avulsion (uni- or bilateral). 



Sainz-Bueno et al. MT in patients with LAM avulsion2220

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(4):2213-2223 | https://dx.doi.org/10.21037/qims-21-877

T
ab

le
 3

 V
ar

ia
tio

ns
 in

 th
e 

m
ea

su
re

m
en

ts
 o

f t
he

 le
va

to
r 

hi
at

us
 a

re
a 

an
d 

le
va

to
r 

an
i m

us
cl

e 
ar

ea
 b

et
w

ee
n 

th
e 

di
ff

er
en

t p
ha

se
s 

of
 th

e 
st

ud
y.

D
iff

er
en

ce
 b

et
w

ee
n 

6 
m

on
th

s 
an

d 
3 

m
on

th
s

D
iff

er
en

ce
 b

et
w

ee
n 

9 
m

on
th

s 
an

d 
6 

m
on

th
s

D
iff

er
en

ce
 b

et
w

ee
n 

9 
m

on
th

s 
an

d 
3 

m
on

th
s

E
xp

er
im

en
ta

l 
gr

ou
p 

(n
=

46
)  

(m
ea

n 
±

 S
D

)

C
on

tr
ol

 g
ro

up
 

(n
=

46
)  

(m
ea

n 
±

 S
D

)

B
et

w
ee

n-
gr

ou
p 

di
ffe

re
nc

es
95

%
 C

I
E

xp
er

im
en

ta
l 

gr
ou

p 
(n

=
46

)  
(m

ea
n 

±
 S

D
)

C
on

tr
ol

 
gr

ou
p 

(n
=

46
)  

(m
ea

n 
±

 S
D

)

B
et

w
ee

n-
gr

ou
p 

di
ffe

re
nc

es
95

%
 C

I
E

xp
er

im
en

ta
l 

gr
ou

p 
(n

=
46

)  
(m

ea
n 

±
 S

D
)

C
on

tr
ol

 
gr

ou
p 

(n
=

46
)  

(m
ea

n 
±

 S
D

)

B
et

w
ee

n-
gr

ou
p 

di
ffe

re
nc

es
95

%
 C

I

Le
va

to
r 

hi
at

us
 a

re
a 

(c
m

2 )

R
es

t
–0

.2
8±

3.
05

0.
10

±
0.

55
–0

.3
8 

(–
38

0%
)

–0
.4

7–
1.

00
–0

.8
2±

4.
23

0.
60

±
3.

63
–1

.4
2 

(–
23

6%
)

–1
.2

0–
3.

61
–1

.1
0±

3.
70

0.
70

±
3.

82
–1

.8
0 

(–
25

7%
)

–0
.4

3–
4.

04

Va
ls

al
va

–3
.9

2±
 5

.1
2

0.
45

±
3.

06
–4

.3
7 

(–
97

1%
)

2.
64

–5
.0

0
1.

60
±

7.
16

–1
.6

1±
5.

66
3.

21
 

(1
99

%
)

–5
.6

8–
0.

49
–2

.3
3±

3.
65

–1
.1

5±
5.

34
–1

.1
8 

(–
10

2%
)

–0
.8

0–
2.

89

C
on

tr
ac

tio
n

–1
.2

4±
2.

45
–0

.1
3±

1.
07

–1
.1

1 
(–

85
3%

)
–0

.0
27

–2
.2

5
–0

.7
5±

3.
54

–1
.0

1±
0.

68
–0

.2
6 

(–
25

.7
%

)
–1

.8
1–

1.
29

–1
.9

9±
3.

62
–1

.1
5±

1.
45

–0
.8

4 
(–

73
%

)
–2

.4
8 

to
 

–0
.3

0

Le
va

to
r 

an
i 

m
us

cl
e 

ar
ea

 
(c

m
2 )

0.
94

±
2.

16
0.

17
±

1.
12

0.
77

 (4
52

%
)

–1
.8

0–
0.

26
0.

22
±

1.
87

–0
.0

3±
1.

17
0.

25
 

(8
33

%
)

–1
.1

8–
0.

68
1.

16
±

2.
52

0.
14

±
1.

29
1.

02
 

(7
28

%
)

–0
.8

1–
2.

51

S
D

, s
ta

nd
ar

d 
de

vi
at

io
n.

Fi
gu

re
 3

 M
ea

su
re

m
en

ts
 o

f 
th

e 
le

va
to

r 
hi

at
us

 a
re

a 
(c

m
2 ) 

at
 r

es
t 

(A
), 

du
ri

ng
 V

al
sa

lv
a 

(B
), 

an
d 

du
ri

ng
 c

on
tr

ac
tio

n 
(C

). 
T

he
 e

xp
er

im
en

ta
l g

ro
up

 o
r 

re
ha

bi
lit

at
ed

 p
at

ie
nt

s 
(b

lu
e 

lin
e)

 a
nd

 th
e 

co
nt

ro
l g

ro
up

 (r
ed

 li
ne

).

A
B

C
17

.5
0

17
.0

0

16
.5

0

16
.0

0

15
.5

0

15
.0

0

3 
m

on
th

s

p:
 0

.5
98

p:
 0

.9
91

p:
 0

.5
17

6 
m

on
th

s
9 

m
on

th
s

23
.0

0

22
.0

0

21
.0

0

20
.0

0

19
.0

0

18
.0

0

3 
m

on
th

s

p:
 0

.0
3

p:
 0

.7
53

p:
 0

.0
34

6 
m

on
th

s
9 

m
on

th
s

17
.0

0

16
.0

0

15
.0

0

14
.0

0

3 
m

on
th

s

p:
 0

.3
21

p:
 0

.0
5

p:
 0

.0
96

6 
m

on
th

s
9 

m
on

th
s



Quantitative Imaging in Medicine and Surgery, Vol 12, No 4 April 2022 2221

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(4):2213-2223 | https://dx.doi.org/10.21037/qims-21-877

Although we found a reduction in the levator hiatus 
area and an increase in the LAM area in our study, these 
differences were somewhat smaller than those initially 
expected. Our data should be taken into consideration for 
future clinical trials.

Conclusions

This is the first clinical trial to study 3/4D ultrasound 
morphological changes in the pelvic floor induced by 
postpartum MT through physiotherapy in patients with 
LAM avulsion. We observed that women with avulsion 
rehabilitated by physiotherapy showed a significant reduction 
in the levator hiatus area during the Valsalva maneuver while 
receiving in-person physical therapy (3 to 6 months after 
delivery). These differences did not persist once physical 
therapy was completed (6 to 9 months after delivery).
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