Hindawi
BioMed Research International
Volume 2020, Article ID 4218371, 10 pages
https://doi.org/10.1155/2020/4218371

Research Article
A Mobile Application Penyikang Applied in Postpartum Pelvic
Floor Dysfunction: A Cross-Sectional Study to Analyze the Factors
Influencing Postpartum Pelvic Floor Muscle Strength and
Women’s Participation in Treatment
Juan Li,1 Xiaoyan Sun,1 Congyu Wang,2 Zujuan Zhang,1 and Zhenwei Xie
1
2

1

Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang, China
Department of Psychology, Tsinghua University, Beijing, China

Correspondence should be addressed to Zhenwei Xie; xiezw@zju.edu.cn
Received 19 November 2019; Revised 27 May 2020; Accepted 25 June 2020; Published 28 July 2020
Academic Editor: Klaus Wimmers
Copyright © 2020 Juan Li et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Objectives. Postpartum pelvic ﬂoor muscle (PFM) injuries are the result of pregnancy and delivery, which lead to a series of
symptoms requiring long-term follow-up. Mobile health platforms are progressively used for monitoring clinical conditions in
medical subjects. This survey was a cross-sectional design based on collecting data from an application (Penyikang). We
retrospectively analyzed the risk factors for weak postpartum PFM and further analyzed the factors inﬂuencing women’s
participation in the treatment which may help to improve the app’s application in the future. Methods. We enrolled postpartum
women who gave birth at the Women’s Hospital, Zhejiang University School of Medicine from August to November 2017;
trained them to use the app; and collected the demographic and clinical information. This app requires users to ﬁll
questionnaires to assess their knowledge of pelvic ﬂoor dysfunction (PFD) and pelvic ﬂoor muscle training (PFMT) and
experience with PFMT, and each therapy evaluation was restored. The relationship between the knowledge of PFMT/PFD, UI
symptoms, and PFM strength was analyzed. Cluster analysis was used to deﬁne the degree of participation and identify the
factors inﬂuencing the patients’ participation in intensive therapy and evaluation. Results. 1982 postpartum women who
enrolled in the app program were deﬁned as weak PFM. Younger maternal age, cesarean section, and without delivery injury
were found as the prognostic factors to PFM strength (both type I and type II muscle ﬁbers) (P < 0:05), and higher educational
level was also in favor of type II muscle ﬁbers (P < 0:05). Patient-reported UI symptoms were associated with weak PFM
strength (P < 0:05); there were no signiﬁcant diﬀerences between knowledge of PFMT or PDF and PFM strength. Finally,
patients with a higher degree of participation were more likely to accept the treatment (P < 0:05). Conclusions. The mobile app
provides a new applicative way to investigate postpartum PFD. The factors inﬂuencing women’s participation can help us focus
on strategies to increase the patients’ compliance, and then we will apply the app into more areas to improve the prevention and
treatment of postpartum PFD.

1. Introduction
Urinary incontinence (UI), which is regarded as one type of
pelvic ﬂoor dysfunction (PFD), often is complicated by pelvic
organ prolapse (POP). UI has a high incidence rate with one
in three women, and the quality of life of the patients may be
aﬀected during their lifetime [1–3]. Vaginal delivery is
regarded as a predominant and independent risk factor for
PFD [2, 3]. Furthermore, the prevalence of UI is increasing

over time [4]; therefore, we have to admit that the prevention
of postpartum UI is becoming a challenging and long-term
task in the ﬁeld of gynaecology and obstetrics.
Pelvic ﬂoor muscle (PFM) strength was impaired in
women who suﬀered from PFD [5], and it may subsequently
lead to UI, POP, and fecal incontinence [6]. The scale of PFM
strength has been reported to be correlated with PFDs of
women at postpartum 6 to 8 weeks [7]. Pelvic ﬂoor muscle
training (PFMT) is recommended as one of the ﬁrst-line
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methods for the treatment of PFD [8, 9], and it can improve
the condition of PFD in about two-thirds of patients [10].
Recent Cochrane reviews support the recommendation of
PFMT to women with UI [8], but these beneﬁts are not yet
ﬁrmly conﬁrmed for POP [9]. Despite the beneﬁts, women
suﬀering from UI rarely seek treatment because of privacy
issue or lack of knowledge of the disease severity. Since
PFD has become a global health issue, we need to ﬁnd an
eﬀective and easily accessible method to motivate people to
strengthen their cognition of disease and participate in the
treatment of the disease.
Nowadays, internet and phone apps bring beneﬁts and
information to patients especially those suﬀering from
chronic diseases [11]. The Web easily broadcasts the information to the public timely and eﬀectively [12]. Several studies have demonstrated that mobile health technology can
improve clinical outcomes [13–15], even better than traditional nursing intervention [16]. The application of apps also
signiﬁcantly improved the therapy-adherence rates [17]. UI
is a chronic disease but lacks management, and apps may
help the patients get access to more information on PFD,
acquire their personal evaluation results, and contact doctors
anytime and anywhere instead of the traditional out-patient
follow-up. Therefore, we designed a mobile app named
Penyikang aimed at inviting postpartum women to participate in the follow-up program, helping them to get a better
understanding of PFD, and improving their willingness to
participate in and adhere to PFMT. This survey was a
cross-sectional design wherein we ﬁrst identiﬁed the risk factors for weak postpartum PFM strength and the association
between weak PFM strength and UI symptoms. Moreover,
we believe women’s knowledge of PFD and symptoms may
play crucial roles in women’s willingness to receive the
instructions on disease prevention and therapy.

2. Materials and Method
2.1. App Program. Penyikang is an iOS/Android app developed by designers and engineers on the basis of theories
and evidence, as well as the needs of users. It facilitates postpartum women to get access to PFD information, their evaluation, and the clinical outcomes and allows them to consult
with the doctors if they have problems anytime. At the time
of development, the company tested the prototype of Penyikang with experts with diﬀerent backgrounds and revised
iteratively to improve its usability and utility. The assistants
introduced Penyikang to postpartum women who then voluntarily installed the app and ﬁlled up the demography form
with informed consent. The related delivery and evaluation
synchronous data will be transmitted to the app when they
come to the hospital for routine six-week postpartum outpatient follow-up.
The assistants helped the enrolled patients install the app
on their smartphones and instructed them on how to use the
app. The doctors can capture, review, and analyze the data
and analyze the factors inﬂuencing postpartum PFD or other
information. The app collected and stored personal data
much easier and could motivate patients to participate in
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Table 1: The Oxford classiﬁcation scale.
Grade 0
Grade 1
Grade 2

Grade 3

Grade 4

Grade 5

No contractions
Flicker of muscular
contraction
Low intensity but
sustained contraction
Moderate contraction,
with an increase in intravaginal
pressure, squeezing of ﬁngers,
and slight elevation of
the vaginal wall
Satisfactory contraction,
which pushes against the
examiner’s ﬁngers, with elevation
of the vaginal wall in the
direction of the pubic symphysis
Strong contraction, ﬁrm
compression of the examiner’s
ﬁngers with positive movement
in the direction of the pubic symphysis

the program, so that it makes the whole follow-up process
more convenient and retrospective.
2.2. Clinical Information of the Patients. The study protocol
was approved by the institutional review board of Women’s
Hospital, Zhejiang University School of Medicine. Due to
time and budget restrictions, we retrospectively identiﬁed
postpartum women over a 4-month recruitment period
(August to November 2017). Women 18 years and older
who gave birth after 37 weeks gestation were eligible. Based
on the preliminary ﬁndings, we estimated that 650-700
women would be enough to determine the risk factors.
Since a response rate of 35% of women was considered possible and reasonable, approximately 1700-2000 women
should be recruited.
At routine six weeks of postpartum control, postpartum
women were recruited to ﬁll the basic individual information
and complete questionnaires on the app. Meanwhile, they
were evaluated for PFM strength.
The International Consultation on Incontinence
Questionnaire-Urinary Incontinence Short Form (ICIQ-UI
SF) was used to evaluate UI severity. The questionnaire
regarding knowledge of PFD was designed with several questions to assess their knowledge, awareness of the symptoms,
and its inﬂuence on their lives. The questionnaire about
knowledge of PFMT reﬂected their desire to seek methods
to solve the problem and the awareness that PFMT is an
eﬀective way.
Women’s PFM strength was evaluated by a validated
method and classiﬁed by the Oxford scale [18]. The details
were shown in Table 1. Pelvic ﬂoor muscle strength was considered abnormal if both type I (the ﬁbers that produce lowintensity as well as long-duration movements of the muscle)
and II muscle ﬁbers (the ﬁbers that produce high-intensity
as well as short-duration movements of the muscle)
received a score [5] less than grade 3; it was measured in
the participating postpartum women on 6–8 weeks after
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Figure 1: Penyikang recorded and sent data to the terminal computer, which further connected and restored data in the SQL database;
researchers can access the SQL database with speciﬁc application requirements and analyze the output data. SQL: standard database language.

(a)

(b)

(c)

(d)

Figure 2: Major working interface of Penyikang: (a) alert message; (b) main interface of Penyikang; (c) individual information and
questionnaires; (d) list of experts.

delivery by two experienced physiotherapists following the
protocol [19] to reduce detection bias.
Of the total 2109 postpartum women attending the app
program, 739 completed the questionnaire covering UI
symptoms, 778 responded to the questionnaire of knowledge
of PFD, and 739 responded to the questionnaire of knowledge of PFMT. The response rate was 35.04%, 36.89%, and
35.04%, respectively. The nonresponse rates of the study
were higher than we expected; thus, we performed a comparative analysis between women included in the ﬁnal sample
and those who quit the study. We found that the homogeneity of both groups suggested that the eﬀect of the loss did not
greatly inﬂuence the results of the ﬁnal response samples. In
this survey, all the respondents were not promised any beneﬁts or feedback, and no incentives were oﬀered, either.
2.3. Data Analysis. The outcome results are frequencies and
percentages which are reported for categorical data. Forward
selection and backward elimination techniques were used to
ﬁnd the ﬁnal regression model. Shapiro–Wilk tests were used
to measure the normality of distributions in variables.
Linear discriminant analysis was performed to introduce
multiple logistic regression analysis to deﬁne risk factors for

the weak PFM strength using list-wise deletion of cases with
missing data, and adjusted odds ratios (ORs) and their 95%
conﬁdence intervals (CIs) were calculated. The x2 test was used
for evaluating nominal variables, and diﬀerences among groups
for ordinal variables were evaluated by Kruskal-Wallis variance
analysis. When the P value from the Kruskal-Wallis test statistic was statistically signiﬁcant, then a multiple comparison test
was performed to determine which groups diﬀered from which
other groups. In our study, the above-mentioned calculations
were used to investigate the association between knowledge of
PFD/PFMT and PFM strength. We used cluster analysis to
classify the degree of participation, and the x2 test and
Kruskal-Wallis test were also performed to analyze the characteristic diﬀerence from high or low degree of participation. P
values less than 0.05 were considered signiﬁcant. SPSS 21
(Armonk, NY: IBM Corp.) was used for analysis.

3. Results
3.1. Construction and Validation of the App. Penyikang was
developed by a professional obstetrician, gynaecologists,
and engineers on the basis of theories and evidence, as well
as the needs of users. Before developing the app, the
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Figure 3: All recruited postpartum women will be introduced to download the mobile app, then they will be asked to ﬁll in their related
personal information and a series of questionnaires. The clinical evaluation will be administrated to give the results on whether the patient
will be followed up at home or continue to do more therapy and improvement.

obstetrician and gynaecologists performed literature research
and found that PFM strength is strongly associated with the
development of PFD, and PFMT is recommended as the
ﬁrst-line treatment of PFD in the postpartum period. Moreover, other components, for example, knowledge of PFD,
knowledge of PFMT, and the concept of UI, were also
decided as part of the content to be included in the app. At

the time of development, the company tested a prototype of
Penyikang with experts with diﬀerent backgrounds and
revised iteratively to improve its usability and utility.
Figure 1 shows the system architecture.
When app was developed, the assistants introduced
Penyikang to postpartum women who then voluntarily
installed the app and ﬁlled up the demography form with
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Table 2: Demographic and clinical characteristics, urogynaecological
symptoms, pelvic ﬂoor-related complaints, and knowledge of pelvic
ﬂoor dysfunction/pelvic ﬂoor muscle training.

Table 2: Continued.
N (%)

N (%)
N = 1982

Weak PFM
<25
25-34
Age when app ﬁrst used (yrs)
35-44
>45
Missing
Low
Middle
Educational level
High
Missing
<25 normal
25–30 overweight
BMI
≥30 obese
Missing
≤2
Parity
>2
Missing
<35
Maternal age
≥35
Missing
<4000
Heaviest birth weight (g)
≥4000
Missing
Cesarean section
Vaginal delivery
Modes of delivery
Forceps
Missing
Singleton
Number of fetuses delivered
Others
Missing
None
Rupture
Perineum injury type
Median episiotomy
Lateral episiotomy
Missing
UI complaints and symptoms
UI complaints

UI prevalence

UI severity (ICIQ UI-SF
sum score)

UI type

Yes
No
Before pregnancy
During delivery
Postpartum
1-5 slight
6-12 moderate
13-18 severe
19-21 very severe
Stress
Urgency

127 (6.41)
1354 (68.31)
420 (21.19)
39 (1.97)
42 (2.12)
82 (4.14)
180 (9.08)
1685 (85.02)
35 (1.76)
1425 (71.90)
313 (15.79)
209 (10.55)
35 (1.76)
1872 (94.45)
58 (2.93)
52 (2.62)
1617 (81.58)
348 (17.56)
17 (0.86)
1685 (85.02)
265 (13.37)
32 (1.61)
786 (39.66)
1078 (54.39)
89 (4.49)
29 (1.46)
1798 (90.72)
148 (7.47)
36 (1.81)
696 (35.12)
462 (23.31)
98 (4.94)
541 (27.3)
185 (9.33)
N = 739
228 (30.85)
511 (69.15)
0 (0)
210 (92.1)
165 (72.4)
28 (12.28)
37 (16.23)
163 (71.49)
0 (0)
143 (62.72)
9 (3.95)

POP complaints

AI

Mixed
Others
Yes
No
Missing
Yes
No
Missing

3 (1.31)
73 (32.02)
94 (12.72)
596 (80.65)
49 (6.63)
35 (4.74)
655 (88.63)
49 (6.63)
N = 778

0-2 little
3-6 general
7-9 well

86 (11.05)
362 (46.53)
330 (42.42)
N = 739

0-2 little
3-6 general
7-9 well

224 (30.31)
374 (50.61)
141 (19.08)

Knowledge of PFD

Knowledge of PFMT

N: number; %: percentage; PFM: pelvic ﬂoor muscle; educational level—low:
lower than or equal to middle school degree, middle: high school degree, and
high: higher than or equal to bachelor degree; BMI: body mass index; UI:
urinary incontinence, complaint of involuntary loss of urine; ICIQ-UI SF:
International Consultation on Incontinence Questionnaire-Urinary
Incontinence Short Form; POP: pelvic organ prolapse; AI: anal
incontinence, complaint of involuntary loss of feces or ﬂatus; PFD: pelvic
ﬂoor dysfunction; PFMT: pelvic ﬂoor muscle training.

informed consent. Figure 2 presents the major working interface of Penyikang:
(a) When postpartum women ﬁrst use Penyikang, they
will receive an alert message that they should come
to the hospital for routine postpartum follow-up
(b) Main interface of Penyikang
(c) Postpartum women are required to ﬁll their basic
individual information and complete questionnaires
on the app; the synchronous delivery data will be
transmitted to the app
(d) List of experts from which patients can consult a doctor online when they have problems
Next, the related delivery and evaluation synchronous data
will be transmitted to the app when they come to the hospital
for routine six-week postpartum out-patient follow-up (Figure 3).
3.2. Association between Characteristics of Participants and
Weak Pelvic Floor Muscle Strength. Table 2 shows an overview of relevant demographic and clinical characteristics,
and 1982 postpartum women were with weak PFM strength.
The preliminary ﬁnding was the identiﬁcation of risk factors
for weak PFM strength in postpartum women. The ﬁnal
regression model includes three statistically signiﬁcant predictors for the risk factors for the strength of type I pelvic
ﬂoor muscle ﬁbers: maternal age, pelvic ﬂoor injuries, and
modes of delivery (Table 3). Maternal age less than 35 years
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Table 3: Prognostic factors for pelvic ﬂoor strength: association between strength of type I muscle ﬁbers and demographic information of
participants.

Age when app ﬁrst used (yrs)

Educational level

BMI

Parity
Maternal age
Heaviest birth weight (g)

Modes of delivery

Number of fetuses delivered

Perineum injury type

β

SE

Wald x2

P

OR (95% CI)

<25
25-34
35-44
>45
Low
Middle
High
<25 normal
25–30 overweight
≥30 obese
≤2
>2

-0.304
-0.301
0.934
0a
-0.667
-0.262
0a
0.117
0.357
0a
0.723
0a

1.215
1.138
1.242

0.062
0.070
0.566

0.803
0.792
0.452

0.738 (0.068~7.996)
0.740 (0.079~6.890)
2.545 (0.233~29.020)

0.510
0.302

1.711
0.754

0.191
0.385

0.513 (0.189~1.394)
0.770 (0.425~1.391)

0.290
0.337

0.164
1.123

0.686
0.289

1.124 (0.637~1.986)
1.429 (0.738~2.768)

0.680

1.132

0.287

2.061 (0.544~7.807)

<35

1.123

0.519

4.683

0.030∗

3.074 (1.112~3.452)

≥35
<4000
≥4000

0a
0.554
0a

0.350

2.506

0.113

1.740 (0.876~3.452)

Cesarean section

0.948

0.305

9.683

0.002∗

2.581 (1.420~4.693)

Vaginal delivery
Forceps
Singleton
Others

0.070
0a
0.022
0a

0.318

0.048

0.826

1.07 (0.575~2.002)

0.506

0.002

0.970

1.022 (0.379~2.769)

None

0.994

0.347

8.227

0.004∗

2.702 (1.370~5.328)

Rupture
Median episiotomy
Lateral episiotomy

-0.039
0.235
0a

0.232
0.333

0.028
0.500

0.866
0.479

0.962 (0.611~1.514)
1.265 (0.660~2.428)

OR: odds ratios; CI: conﬁdence interval; educational level—low: lower than or equal to middle school degree, middle: high school degree, and high: higher than
or equal to bachelor degree; BMI: body mass index; every 0a is deﬁned as the calibration standard; ∗ P < 0:05.

old had better type I PFM strength than the elder group,
OR = 3:074 (x2 = 4:638, P < 0:05). Cesarean section seems
to be a better protective delivery type for type I PFM strength,
OR = 2:581 (x2 = 9:683, P < 0:05), while we found no delivery
injury could better protect the strength of type I muscle
ﬁbers, OR = 2:702 (χ2 = 8:227, P < 0:05).
There were strong correlations between the strength of
type II pelvic ﬂoor muscle ﬁbers and the prognostic factors
for PFM strength (P < 0:05: educational level, maternal age,
pelvic ﬂoor injuries, and modes of delivery (Table 4)). Maternal age less than 35 years old, cesarean section, and no delivery injury had better type II pelvic ﬂoor muscle strength
[OR = 2:956 (x2 = 4:537, P < 0:05), OR = 2:591 (χ2 = 9:669,
P < 0:05), and OR = 2:223 (χ2 = 5:286, P < 0:05), respectively]. Patients who have bachelor degrees had better
strength of type II muscle ﬁbers than those who only have
high school degrees, OR = 1:795 (P < 0:05).
3.3. Association of Awareness of UI Symptoms, Knowledge of
PFD/PFMT, and Weak Pelvic Floor Muscle Strength. We
found that awareness of the UI symptom during pregnancy
had a negative correlation with the weak PFM strength
(rs ðtype I muscle fibersÞ = −0:105,
P < 0:05;
rs ðtype II

muscle fibersÞ = −0:079, P < 0:05). Meanwhile, postpartum
UI symptoms, UI severity, UI type or the patients’ UI diagnosis by a physician, anal incontinence (AI), and POP were
barely associated with weak PFM strength (Table 5).
The questionnaires regarding the patients’ knowledge of
PFD and PFMT were used, and patients who got the higher
scores meant they had a better understanding of PFD or
PFMT and their impacts on quality of life. We found that
there was no association between knowledge of pelvic ﬂoor
dysfunction/pelvic ﬂoor muscle training and pelvic ﬂoor
strength (Table 5).
3.4. Degree of Participation. A total of 745 postpartum
women who used the app came to our hospital for the assessment and therapy. We retrieved and calculated the data by
cluster analysis and we deﬁned the high degree of participation as patients followed the pattern of evaluation and PFMT
exercise at least 15 times, while the low degree of participation group ﬁnished less than 6 times (Table 6). 483 women
had a relatively high degree of participation, while 262
women were identiﬁed as low-degree participators. We
found that patients who were more likely to participate in
the app program were often older than the group with low
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Table 4: Prognostic factors for pelvic ﬂoor strength: association between strength of type II muscle ﬁbers and demographic information of
participants.

Age when app ﬁrst used (yrs)

Educational level

BMI

Parity
Maternal age
Heaviest birth weight (g)

Modes of delivery

Number of fetuses delivered

Perineum injury type

β

SE

Wald χ2

P

OR (95% CI)

<25
25-34
35-44
>45
Low

-1.457
-1.370
0.036
0a
-0.454

1.212
1.135
1.232

1.444
1.459
0.001

0.229
0.227
0.977

0.233 (0.022~2.507)
0.254 (0.027~2.347)
1.037 (0.093~11.588)

0.508

0.798

Middle

-0.585

0.302

3.765

0.372
0.052∗

0.557 (0.309~1.006)

High
<25 normal
25–30 overweight
≥30 obese
≤2
>2

0a
0.041
0.347
0a
0.153
0a

0.291
0.339

0.020
1.045

0.889
0.307

1.042 (0.589~1.844)
1.415 (0.728~2.751)

0.674

0.051

0.821

1.165 (0.311~4.371)

<35

1.084

0.509

4.537

0.033∗

2.956 (1.091~8.020)

≥35
<4000
≥4000

0a
0.304
0a

0.347

0.767

0.381

1.355 (0.687~2.678)

Cesarean section

0.952

0.306

9.669

0.002∗

2.591 (1.422~4.716)

Vaginal delivery
Forceps
Singleton
Others

0.083
0a
0.504
0a

0.318

0.068

0.794

1.087 (0.583~2.028)

0.507

0.985

0.321

1.655 (0.612~4.473)

None

0.799

0.347

5.286

0.022∗

2.223 (1.125~4.393)

Rupture
Median episiotomy
Lateral episiotomy

0.062
0.764
0a

0.232
0.339

0.072
5.089

0.788
0.024

1.064 (0.675~1.679)
2.147 (1.105~4.170)

0.635 (0.235~1.719)

OR: odds ratios; CI: conﬁdence interval; educational level—low: lower than or equal to middle school degree, middle: high school degree, and high: higher than
or equal to bachelor degree; BMI: body mass index; every 0a is deﬁned as the calibration standard; ∗ P < 0:05.

Table 5: Results of correlation analysis.
Type I muscle ﬁbers
Spearman correlation coeﬃcient

P
∗

UI self-reported during pregnancy

-0.105

0.005

UI self-reported postpartum
UI severity
UI diagnosis
UI type
AI
POP
Knowledge of PFD
Knowledge of PFMT

-0.032
-0.032
-0.038
-0.047
-0.036
-0.011
0.026
0.070

0.391
0.722
0.294
0.202
0.340
0.764
0.468
0.055

Type II muscle ﬁbers
Spearman correlation coeﬃcient

P

-0.079

0.036∗

-0.026
-0.018
-0.003
-0.011
-0.035
0.007
0.047
0.063

0.487
0.778
0.937
0.776
0.342
0.852
0.187
0.089

UI: urinary incontinence, complaint of involuntary loss of urine; AI: anal incontinence, complaint of involuntary loss of feces or ﬂatus; POP: pelvic organ
prolapse; ∗ P < 0:05.

degree of participation (P = 0:012), and they were also more
aware of the PFD condition (P = 0:000) (Table 7).
Results of Table 8 demonstrated that when the patients
complain of urine leakage symptoms, during pregnancy or

after delivery, they were also more likely to follow this program (P = 0:007). On the other hand, the complaints on
POP symptoms or sexual dysfunction did not aﬀect their
willingness to participate in the program.
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Table 6: Cluster analysis to deﬁne the degree of participation of
treatment (N = 745).
Low degree
participation group

High degree
participation group

6

15

483

262

Times of treatments
N
N: number.

Table 7: Association between characteristics of participants and the
degree of participation.
W
Low
(n = 483)

High
(n = 262)

7

P

Age when app ﬁrst used 231828.00 275700.00 -2.522 0.012∗
Educational level

236986.00 268529.00 -1.757

0.079
209576.00 274060.00 -3.932 0.000∗

Knowledge of PFD

n: number; low: low degree participation group; high: high degree
participation group; PFD: pelvic ﬂoor dysfunction. ∗ P < 0:05.

Table 8: Association between symptoms of participants and the
degree of participation.
N (%)

χ2
Leakage urine

Low

High

P

No 297 (51.7) 278 (48.3) 7.304 0.007∗

Yes
Sexual dysfunction No
Yes
POP
No
Yes

186 (43.1) 246 (56.9)
405 (48.7) 426 (51.3) 1.136
78 (44.3) 98 (55.7)
746 (89.8) 85 (10.2) 1.223
153 (86.9) 23 (13.1)

0.287
0.269

N: number; %: percentage; low: low degree participation group; high: high
degree participation group; POP: pelvic organ prolapse. ∗ P < 0:05.

4. Discussion
In recent years, with growing requirements for a high-quality
life, people are more likely to seek help and acknowledge that
they should be more concerned over PFD due to its harm and
embarrassment. As we know, PFD is preventative and
women have a great risk to suﬀer from postpartum PFD;
our goal is to establish good management and a follow-up
system. Therefore, we designed the mobile app follow-up system not just to focus on ﬁnding the risk factors and/or prognostic factors for PFD but also to inform on the beneﬁts of
awareness of PFD and to ﬁnd strategies to motivate patients
to participate in and adhere to evaluation and therapy.
The app Penyikang collected the data about the patients’
complaints of PFD, symptoms and delivery information,
therapy, and participation evaluation. The results demonstrated that with the app to build up the beneﬁcial followup pattern, we have a considerable amount of data about
postpartum women attending to ﬁnd out the risk factors
for weak PFM strength. As maternal age over 35 years old
led to weaker PFM strength (both type I and II pelvic muscle

ﬁbers), younger age could be a protective factor. Women who
did not get pelvic ﬂoor injuries or experienced cesarean section could get better PFM strength than women who got
other types of pelvic ﬂoor injuries or modes of delivery.
For type II pelvic muscle ﬁbers, the higher education level
also seems to be a protective factor. It is easy to understand
why patients who are more educated can be more aware of
their symptoms and disease prevention. But the results
hardly explain why it cannot apply in type I pelvic muscle
ﬁbers. The results of impairing PFM strength are similar to
other papers’ conclusions [18, 20–22]. Nevertheless, some
researchers reported PFM strength did not change signiﬁcantly during pregnancy or after delivery [23].
To our knowledge, the app Penyikang is the ﬁrst mobile
phone-based program conducting the follow-up of postpartum PFD patients and helping them participate in the evaluation and treatment of the disease in China. Since PFD has
become a highly prevalent health issue, we are eager to ﬁnd
a way by which patients are willing to follow the pattern
and give feedback. It is important to explore the characteristics of active postnatal participants. We analyzed the degree
of participation and its correlation with age, educational
level, knowledge of PFD, UI symptoms, sexual dysfunction,
and prolapse symptoms of the patients. The ﬁnding outlined
that patients with older age would participate in PFMT and
follow-up more actively; meanwhile, they maybe more capable of realizing their suﬀering from the UI symptoms. When
patients had obvious UI symptoms, they were more willing to
participate, which was consistent with the results from a survey conducted before [24]. We hope that our work can be
dedicated to ﬁnding the potential participants, decreasing
the morbidity of postpartum PFD, and helping the patients
ﬁnd more appropriate treatments in case they think it is
not regarded as an ailment or disease or are uncomfortable
to see a doctor. The study allowed further reﬁnement of
Penyikang which should be conducted, and it will be useful
for public health experts and researchers to improve usercentered mobile Web apps. The mobile app follow-up management program will be prospective as we will introduce it
to more areas to prevent the postpartum PFD.
The present work has limitations. First, the app just
started working and came into service for a short time and
is limited to our hospital, and the average age, educational
levels, and others represented were limited to Zhejiang province, China. Diﬀerences in the education system and peripartum care between diﬀerent provinces and cities may reduce
generalizability, so we need to introduce the app into more
areas to illustrate acute outcomes, and it is still a long-term
work. However, a potential limitation is that questions about
past behavior and experiences might be subject to recall bias
[25], and data might be biased by missing respondents during the survey. Because of the cross-sectional study, we cannot test for causal relationships but can only examine the
statistical associations of the outcomes. In a future study,
we will capture more user feedback and the degree of participation to improve our app. In addition, a cohort study comparing the inﬂuence on patients’ follow-up based on the app
and the traditional out-patient follow-up mode needs to be
conducted in the future to support our view that the app will
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bring more convenience. In the following studies, the
researchers should investigate the risk factors, and a randomized controlled trial should be designed to conﬁrm the conclusions as well.

9

[4]

Data Availability
[5]

Data is available upon request from the corresponding
author.

Ethical Approval
[6]

The study was approved by the Ethics Committee of
Women’s Hospital, Zhejiang University School of Medicine
(20180158).

[7]

Consent
Informed consent was obtained from all individual participants enrolled in the study.

[8]

Conflicts of Interest
No competing ﬁnancial interests exist.

[9]

Authors’ Contributions
Juan Li and Zhenwei Xie were in charge of conceptualization.
Juan Li, Xiaoyan Sun, and Congyu Wang were in charge of
data curation and analysis. Juan Li, Xiaoyan Sun, Zujuan
Zhang, and Zhenwei Xie were in charge of the investigation.
Juan Li, Congyu Sun, and Zhenwei Xie were in charge of the
methodology. Zhenwei Xie was in charge of the resources.
Juan Li, Zujuan Zhang, and Zhenwei Xie provided supervision. Juan Li and Zhenwei Xie were charge of validation. Juan
Li, Xiaoyan Sun, Congyu Wang, and Zhenwei Xie wrote the
original draft. Juan Li, Xiaoyan Sun, Zujuan Zhang, and
Zhenwei Xie were in charge of review and editing.

[10]

[11]

[12]

Acknowledgments
We thank Hangzhou Junbao Technology Co. Ltd. for their
technical support. The survey was supported by grants from
the Zhejiang Province Public Welfare Technology Application Research Project founding, Grant number: 2017C33073.

[13]

References

[14]

[1] R. Boyle, E. J. C. Hay-Smith, J. D. Cody, and S. Mørkved,
“Pelvic ﬂoor muscle training for prevention and treatment of
urinary and fecal incontinence in antenatal and postnatal
women: A short version Cochrane review,” Cochrane Database of Systematic Reviews, vol. 33, no. 3, pp. 269–276.
[2] J. O. L. DeLancey, L. K. Low, J. M. Miller, D. A. Patel, and J. A.
Tumbarello, “Graphic integration of causal factors of pelvic
ﬂoor disorders: an integrated life span model,” American
Journal of Obstetrics and Gynecology, vol. 199, no. 6,
pp. 610.e1–610.e5, 2008.
[3] M. Gyhagen, M. Bullarbo, T. F. Nielsen, and I. Milsom, “Prevalence and risk factors for pelvic organ prolapse 20 years after
childbirth: a national cohort study in singleton primiparae

[15]

[16]

[17]

after vaginal or caesarean delivery,” BJOG : An International
Journal of Obstetrics and Gynaecology, vol. 120, no. 2,
pp. 152–160, 2013.
S. L. Wesnes and G. Lose, “Preventing urinary incontinence
during pregnancy and postpartum: a review,” International
urogynecology journal, vol. 24, no. 6, pp. 889–899, 2013.
J.-J. Xing, X.-F. Liu, X.-M. Xiong et al., “Eﬀects of combined
spinal-epidural analgesia during labor on postpartum electrophysiological function of maternal pelvic ﬂoor muscle: a randomized controlled trial,” PLoS One, vol. 10, no. 9,
p. e0137267, 2015.
H. Memon and V. L. Handa, “Pelvic ﬂoor disorders following
vaginal or cesarean delivery,” Current Opinion in Obstetrics &
Gynecology, vol. 24, no. 5, pp. 349–354, 2012.
Y. Zhao, M. Xiao, F. Tang et al., “The eﬀect of water immersion
delivery on the strength of pelvic ﬂoor muscle and pelvic ﬂoor
disorders during postpartum period,” Medicine, vol. 96, no. 41,
article e8124, 2017.
C. Dumoulin, L. P. Cacciari, E. J. C. Hay-Smith, and Cochrane
Incontinence Group, “Pelvic ﬂoor muscle training versus no
treatment, or inactive control treatments, for urinary incontinence in women,” Cochrane Database of Systematic Reviews,
vol. 5, article CD005654, 2014.
S. Hagen and D. Stark, “Conservative prevention and management of pelvic organ prolapse in women,” Cochrane
Database of Systematic Reviews, vol. 12, article CD003882,
2011.
T. Shamliyan, J. Wyman, and R. L. Kane, Nonsurgical treatments for urinary incontinence in adult women: diagnosis and
comparative eﬀectiveness, MD: Agency for Healthcare
Research and Quality(US). urinary-incontinence-treatmentreport-130909, [Internet] Rockville, 2013.
S. Hamine, E. Gerth-Guyette, D. Faulx, B. B. Green, and A. S.
Ginsburg, “Impact of mHealth chronic disease management
on treatment adherence and patient outcomes: a systematic
review,” Journal of Medical Internet Research, vol. 17, no. 2,
article e52, 2015.
M. Sjostrom, G. Umefjord, L. Lindholm, and E. Samuelsson,
“Cost-eﬀectiveness of an Internet-based treatment program
for stress urinary incontinence,” Neurourology and urodynamics, vol. 34, no. 3, pp. 244–250, 2015.
S. Doocy, K. E. Paik, E. Lyles et al., “Guidelines and mHealth to
improve quality of hypertension and type 2 diabetes care for
vulnerable populations in Lebanon: longitudinal cohort
study,” JMIR mHealth and uHealth, vol. 5, no. 10, article
e158, 2017.
I. Ahmed, N. S. Ahmad, S. Ali et al., “Medication adherence
apps: review and content analysis,” JMIR mHealth and
uHealth, vol. 6, no. 3, article e62, 2018.
S. M. Machado, E. H. Wilson, J. O. Elliott, and K. Jordan,
“Impact of a telemedicine eICU cart on sepsis management
in a community hospital emergency department,” Journal of
telemedicine and telecare, vol. 24, no. 3, pp. 202–208, 2017.
Y. Wu, P. Zhao, W. Li, M. Q. Cao, L. du, and J. C. Chen,
“The eﬀect of remote health intervention based on internet
or mobile communication network on hypertension patients:
protocol for a systematic review and meta-analysis of randomized controlled trials,” Medicine, vol. 98, no. 9, article
e14707, 2019.
A. Mertens, C. Brandl, T. Miron-Shatz et al., “A mobile application improves therapy-adherence rates in elderly patients

10

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

BioMed Research International
undergoing rehabilitation: a crossover design study comparing
documentation via iPad with paper-based control,” Medicine,
vol. 95, no. 36, article e4446, 2016.
I. H. Braekken, M. Majida, M. E. Engh, and K. Bø, “Test-retest
reliability of pelvic ﬂoor muscle contraction measured by 4D
ultrasound,” Neurourology and Urodynamics, vol. 28, no. 1,
pp. 68–73, 2009.
J. Laycock and D. Jerwood, “Pelvic ﬂoor muscle assessment:
the PERFECT scheme,” Physiotherapy, vol. 87, no. 12,
pp. 631–642, 2001.
M. Fitzpatrick and C. O. Herlihy, “The eﬀects of labour and
delivery on the pelvic ﬂoor,” Best Practice & Research Clinical
Obstetrics & Gynaecology, vol. 15, no. 1, pp. 63–79, 2001.
M. R. D. Zanetti, R. de Aquino Castro, A. L. Rotta, P. D. dos
Santos, M. Sartori, and M. J. B. C. Girão, “Impact of supervised
physiotherapeutic pelvic ﬂoor exercises for treating female
stress urinary incontinence,” Sao Paulo Medical Journal,
vol. 125, no. 5, pp. 265–269, 2007.
I. Kepenekci, B. Keskinkilic, F. Akinsu et al., “Prevalence of
pelvic ﬂoor disorders in the female population and the impact
of age, mode of delivery, and parity,” Diseases of the colon and
rectum, vol. 54, no. 1, pp. 85–94, 2011.
A. D. S. Caroci, M. L. G. Riesco, W. D. S. Sousa et al., “Analysis
of pelvic ﬂoor musculature function during pregnancy and
postpartum: a cohort study,” Journal of clinical nursing,
vol. 19, no. 17-18, pp. 2424–2433, 2010.
H. F. A. Moossdorﬀ-Steinhauser, P. Albers-Heitner,
M. Weemhoﬀ, M. E. A. Spaanderman, F. H. M. Nieman, and
B. Berghmans, “Factors inﬂuencing postpartum women's willingness to participate in a preventive pelvic ﬂoor muscle training
program: a web-based survey,” European journal of obstetrics,
gynecology, and reproductive biology, vol. 195, pp. 182–187, 2015.
L. G. Portney and M. Watkins, Foundations of clinical research,
Pearson Prentice Hall, Upper Saddle River, NJ 07458, United
States, 3rd ed edition, 2009.

