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Abstract

Objective To explore the effects of pelvic floor muscle (PFM) combined with pulmonary rehabilitation training
on diaphragm function and lung function in elderly patients with intertrochanteric fracture.

Methods This study was conducted by a randomized controlled single-blind method, 50 elderly patients with inter-
trochanteric fracture in Beijing Xiaotangshan Hospital were selected and divided into the combined training group
(Experimental group, n=25) and the lung function training group (Control group, n=25) by the random number
table method. Patients in the combined training group received pelvic floor muscle training combined with lung
rehabilitation training, and patients in the lung function training group received lung rehabilitation training. Forced
vital capacity (FVC), forced expiratory volume in the first second/FVC (FEV1/FVC) and peak expiratory flow (PEF) were
evaluated before and after intervention to analyze the improvement of lung function. Diaphragm thickening fraction
(DTF) and diaphragm excursion (DE) were used to observe the improvement of diaphragm function.

Results After 4 weeks of intervention, there were significant differences in lung function and diaphragm function
between the two groups compared with the improvement before the intervention, but patients in the combined
training group had more significant improvements in FVC, FEV1/FVC, PEF, DTF, and DE.

Conclusion Pelvic floor muscle combined with lung function training can improve the diaphragm function more
significantly in elderly patients with intertrochanteric fracture after operation, and thus affect the lung function
of patients.

Keywords Pelvic floor muscle training, Lung rehabilitation training, Intertrochanteric fracture, Diaphragm, Lung
function
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Background

With the increase of age, the elderly are prone to osteo-
porosis or sarcopenia, so the incidence of fracture is also
increasing, among which hip fracture is more common
and has become a common problem faced by the elderly
[1, 2]. Hip fractures currently occur in more than 10 mil-
lion patients worldwide each year and are projected to
exceed 20 million by 2050 [3, 4]. According to statistics,
20%—60% of patients need help to meet their daily life
needs within 2 years after surgery, which seriously affects
the quality of life of patients. Patients spend more than
40,000 US dollars in the first year after hip fractures, and
the country needs to bear more than 17 billion US dollars
in nursing costs every year, which brings a great burden
to families and society [4, 5].

Surgical treatment is the preferred treatment for
patients with hip fractures, but postoperative complica-
tions are often the direct cause of death in subjects with
hip fractures. Among them, postoperative pneumonia
(POP) is one of the common complications after hip sur-
gery in subjects, with an incidence of 5.1-14.9%, and the
mortality rate increases significantly to 27-43% after 30
days [6]. Therefore, reducing the risk, prevention and
treatment of POP is the key to reducing mortality in hip
fracture patients. At present, drug therapy and respira-
tory muscle training (abdominal breathing, lip contrac-
tion breathing, etc.) are widely used in clinical practice to
enhance lung function.

However, it has been reported in the literature [7]that
the coordination between the pelvic floor muscle and
the diaphragm is poor in patients with pelvic floor mus-
cle abnormalities. During inspiration, compared with
healthy people, the thoracic elevation is higher and the
diaphragm is lower. During exhalation, the chest drops,
the abdominal wall is squeezed out, the pelvic floor
muscles drop, and the auxiliary respiratory muscles are
forced to compensate, resulting in an abnormal breath-
ing pattern of shoulder-lifting breathing, which seriously
affects the lung function and daily activity level of the
patient. However, the relationship between pelvic floor
muscle and diaphragm in patients after the intertrochan-
teric fracture has not been considered in current clinical
practice. The pelvic floor muscle is composed of the anal
levator muscle, coccygeal muscle, obturator muscle, ure-
thral sphincter, anal sphincter and other muscles, which
firmly support abdominal pelvic organs (such as the rec-
tum, uterus, bladder, etc.) and plays a role in sealing the
pelvic floor and keeping the organs in a normal position
[8].

Massery et al. [9] confirmed through electromyogra-
phy and ultrasound tests that diaphragm movement is
significantly correlated with pelvic floor muscle function.
The pelvic floor muscles contract eccentrically during
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inspirations and concentrically contract with abdominal
muscles during forced expirations and coughing, thereby
reducing abdominal volume and increasing intra-abdom-
inal pressure (IAP). This forces the diaphragm up and
increases the exhalation force. Some studies have shown
that lung ventilation is closely related to pelvic floor mus-
cle function. In studies observing the effect of PFM strong
contraction on respiration, changes in forced lung capac-
ity and forced expiratory volume are the main factors,
which prove the improvement of lung function. Strong
pelvic floor contraction during breathing contributes to
diaphragm movement and makes it more effective [10,
11]. It was found that [12] PFM voluntary contraction
intensity was incrementally positively correlated with
forced expiratory flow, and PFM contraction intensity
was positively correlated with FEV1. The co-contraction
of PFM and anterolateral abdominal muscles promotes a
correctly executed cough pattern [13]. Talasz et al. [14]
conducted pelvic floor muscle training on patients, and
the results showed that this program can increase inter-
nal abdominal pressure, and women suffering from stress
incontinence will strengthen their expiratory muscles
and ultimately improve their physical function. The cor-
relation between PFM contraction intensity and forced
expiratory flow may serve as a theoretical background
for coordinating the potential role of abdominal and PFM
training in expiratory flow-limited diseases.

Pelvic floor muscle and nerve injury in patients with
intertrochal fracture after operation, as well as decreased
strength of pelvic floor muscle and muscle relaxation in
the elderly due to reduced hormone level, neurodegen-
eration, prostate disease, pregnancy, etc., seriously affect
the function of pelvic floor muscle, and the balance of
abdominal pressure maintained by diaphragm, abdomi-
nal muscle and pelvic floor muscle will also change. As a
result, the static and dynamic function of the pelvic floor
is abnormal, the internal abdominal pressure is abnormal,
and the diaphragm function is limited, which directly
affects the respiratory function of the patients [15, 16].
The ability to cough and expel sputum not only needs to
keep the airway unobstructed and the diaphragm func-
tion normal, but also the function of the pelvic floor
muscle is very important. Through spontaneous cough
or cough reflex stimulation, the pelvic floor muscle and
abdominal muscle contract, the diaphragm relaxes, and a
certain internal abdominal pressure is maintained to pro-
mote the discharge of sputum and reduce the incidence
of lung infection. Therefore, this study mainly conducted
pelvic floor muscle combined with lung rehabilitation
training or lung rehabilitation training for patients after
intertrochanteric fracture of the femur to explore the
effects of these two methods on the diaphragm and lung
function.
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Materials and methods

General information

This study was conducted by randomized controlled sin-
gle-blind method. In this study, a randomized controlled
trial was conducted to select postoperative patients with
intertrochanteric fractures of the femur who were treated
in Beijing Xiaotangshan Hospital from May 2024 to
December 2024. A total of 50 patients were selected and
randomly divided into two groups, namely the combined
training group (Experimental group, n= 25) and lung
function training group (Control group, n= 25), using
the random number table method.

The inclusion criteria were as follows: (1) the hip frac-
ture diagnosis criteria in the 2015 Chinese Guidelines
for the Diagnosis and Treatment of osteoporotic frac-
tures were met [17], and the intertrochanteric fracture of
the femur was confirmed by CT/X-ray examination and
treated with intramedullary nail surgery [18]. (2) 70 <age
<80 years old, stable disease, no serious cognitive impair-
ment (MMSE score: illiterate > 17 points, primary school
> 20 points, junior high school and above > 24 points). (3)
After the first intramedullary nailing operation, the post-
operative time was 1 week to 1 month. (4) Pelvic floor
muscle strength >1I grade. (5) Patients without chronic
obstructive pulmonary disease, interstitial pulmonary
disease, pulmonary embolism and other organic pulmo-
nary diseases. (6) Patients and their families are willing
to accept pelvic floor muscle rehabilitation treatment and
sign informed consent.

The exclusion criteria are as follows: (1) patients with
diseases such as limb infection and tumor. (2) Patients
with severe cardiovascular and cerebrovascular diseases
(such as myocardial infarction, arrhythmia, heart fail-
ure, stroke, etc.) or other organ injuries. (3) Patients with
severe cognitive impairment and communication disor-
der. (4) Patients who have received rectal or colon sur-
gery and cannot fully cooperate with pelvic floor muscle
strength testing and training. If one item is met, it is con-
sidered to be excluded.

Intervention measure

Both groups underwent routine rehabilitation train-
ing, including joint motion training, lower limb muscle
strength training, balance training, walking training and
daily rise life activity training. The patients in the lung
function training group were added to lung rehabilitation
training (lip contraction and abdominal breathing train-
ing, thoracic expansion training) on the basis of routine
rehabilitation training; on the basis of the lung function
training group, patients in the combined training group
added pelvic floor muscle training (pelvic floor muscle
combined with lip contraction—abdominal breathing
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training, pelvic floor muscle combined with chest expan-
sion training), the specific methods are as follows:

(1) Lip contraction and abdominal breathing train-
ing [19]: The patient took the supine position,
legs slightly apart, using the'nasal breathing and
exhalation"way for breathing training, asked the
patient to relax, slowly and deeply inhale through
the nasal cavity for 2 to 3 s, and then hold the
breath for 3 to 5 s when reaching the maximum
lung capacity. When exhaling, the lips whistled and
exhaled slowly for 3 to 6 s. The ratio of inhalation
time and exhalation time was 1:2. When exhal-
ing, the therapist can place one hand on the upper
abdomen and exert inward force, and the patient
can exercise the abdomen as much as possible dur-
ing this process to reduce the activity of the chest.
The therapist can remind the patient of the inspira-
tory and breathing process during the treatment.
Respiratory rate 5 to 6 times/min, 10 min each time.

(2) Thoracic expansion training [20]: The patient is
placed in a supine position with legs slightly apart
and is asked to relax. The therapist can place both
hands on both sides of the patient’s chest, and the
patient can inhale slowly and deeply through the
nasal cavity for 2 to 3 s. During the inhalation, the
patient can feel the expansion of the chest and the
outer expansion of the ribs, hold the breath for 3
to 5 s at the end of the inhalation, and then slowly
exhale through the mouth. On inhalation, the
therapist applies downward and inward resistance,
asks the patient to resist the resistance of the thera-
pist’s hand, and feels the ribs move downward and
inward on exhalation. Respiratory rate 5 to 6 times/
min, 10 min each time.

(3) Pelvic floor muscle combined with lip contrac-
tion and abdominal breathing training [19, 21]: The
patient was placed in a supine position, legs slightly
separated, and the patient was asked to relax, slowly
and deeply inhaling through the nasal cavity for 2 to
3 s, then the abdomen swelled, and when the maxi-
mum lung capacity was reached, the pelvic floor
muscle group was relaxed for 3 to 5 s; when exhal-
ing, the lips whistled out slowly for 3 to 6 s. At this
time, the therapist placed one hand on the patient’s
pelvic floor and guided the patient to contract the
buttocks muscles, tighten the anus and perianal
sphincter, and do anal lift exercises. The exercise
continued for 2 to 6 s or quickly contract-relax the
pelvic floor muscles while exhaling. When exhal-
ing, the therapist can place one hand on the upper
abdomen and exert inward force, and the patient
can exercise the abdomen as much as possible dur-
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ing this process to reduce the activity of the chest.
Patients inhaled and exhaled 1 time for group 1, 5
to 6 groups/min, 10 min each time.

(4) Pelvic floor muscle combined with thoracic expan-
sion training [20, 21]: The patient is supine, legs
slightly apart, and is asked to relax. The therapist
can place both hands on both sides of the patient’s
chest, and the patient can inhale slowly and deeply
through the nasal cavity for 2 to 3 s. During the
inhalation, the patient can feel the expansion of
the chest and the outer expansion of the ribs, and
hold the breath for 3 to 5 s at the end of the inhala-
tion, at which time the pelvic floor muscle group is
relaxed; then slowly exhale through the mouth, feel
the ribs moving downward and inward while exhal-
ing, contract the buttocks muscles, tighten the anus
and perianal sphincter, and do anal lift exercises
for 2 to 5 s, or quickly contract and relax the pelvic
floor muscles while exhaling. Patients inhaled and
exhaled 1 time for group 1, 5 to 6 groups/min, 10
min each time.

Measurements

Baseline leveling

Participants were measured at baseline before the inter-
vention, including gender, age, fracture side, and Mini-
Mental State Examination (MMSE).

Lung function index measurement

Lung function assessment: The portable lung function
detector is made by Saike Medical Instrument Co, LTD
(Model: X1), and the patient’s head was raised 30° to
45° during each measurement. First, the instrument was
calibrated. After the calibration, the patient was asked to
cover the one-time bite with his lips and breathe normally
for 4 to 6 cycles according to the instrument’s instruc-
tions. Then, the maximum inhalation was followed by
vigorous exhalation, and the lung gas was exhaled quickly
and vigorously. The levels of FVC, PEF and one-second
rate were measured, and the pulmonary function indexes
such as FVC, PEF and FEV1/FVC were compared before
and 4 weeks after intervention.

Indicators of diaphragm function

Diaphragm thickness (DT) assessment [22] (Fig. 1): Port-
able ultrasonic diagnostic instrument, manufactured
by Hitachi Manufacturing Co, LTD (Model: EZU-HC1
C). Three parallel layers were seen on 2-D ultrasound,
with two hyperechoic pleural and peritoneal layers and
an echoless muscle layer in between [23]. The thickness
of the diaphragm is the distance between the pleural
and peritoneal layers. The thickness of the diaphragm
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Fig. 2 Diaphragm excursion

during inhalation and exhalation can be obtained under
ultrasound, that is, end-inspiratory diaphragmatic thick-
ness, DTei and end-expiratory diaphragmatic thickness
(DTee). The change in diaphragm thickness also reflects
the contractility of the diaphragm and determines the
diaphragm thickness fraction [24]. The specific formula is
as follows: diaphragm thickening fraction (DTF) = (maxi-
mum diaphragm thickness at the end of inspiration—dia-
phragm thickness at the end of quiet expiratory breath)/
diaphragm thickness at the end of quiet expiratory breath
% 100%.

Diaphragm excursion (DE) evaluation [7] (Fig. 2): Port-
able ultrasonic diagnostic instrument, manufactured
by Hitachi Manufacturing Co, LTD (Model: EZU-HC1
C). The vertical distance in which the diaphragm moves
towards the liver during the inspiratory process is related
to the expansion of the chest and the contribution of the
diaphragm to respiration, reflecting the volume of air-
flow during inhalation. In ultrasonic M mode, the degree
of diaphragm movement refers to the vertical distance
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between the position of the diaphragm raised at the end
of expiratory breath and the position of the diaphragm
lowered at the end of inspiratory breath [25].

The patient was supine and the diaphragmatic shift was
recorded in M mode. The low-frequency convex probe is
placed in the abdominal area below the right rib, between
the longitudinal line and the midline of the axilla, with
the liver as the acoustic window. Angle the probe so that
the ultrasound beam is perpendicular to the back third
of the right diaphragm. Diaphragmatic shifts between the
end of exhalation and the end of inhalation were assessed
based on M-pattern images and reported in millimeters.
Take the average of the three subsequent measurements
as the final value.

Hip function index

Hip function [26]: Hip function was assessed before and
four weeks after treatment using the Harris Hip Func-
tion Rating Scale, which included pain, function, deform-
ity, and range of motion, with a total score of 100. Scores
above 90 were considered excellent, 80 to 89 good, 70 to
79 fair, and less than 70 poor.

Sample size calculation

The sample size was calculated using PASS software.
The optimal test of the mean value of two independent
samples is usually a= 0.05, p= 0.20; according to the
preliminary test in our hospital, the main outcome meas-
ures of forced vital capacity (L) where the mean value of
the experimental group is 2.2, standard deviation is 0.28;
mean of control group is 2.0, standard deviation 0.23. The
sample size ratio of the two groups was 1:1, and accord-
ing to the shedding rate <10%, the sample number was
set as 25 cases in each group according to the above cal-
culation method.

Statistical analysis

All data of elderly patients with intertrochanteric frac-
tures after surgery in each group were included in SPSS
26.0 software for analysis, and the measurement data
were tested for normality. If the data met normal distri-
bution, the mean +standard deviation was used to rep-
resent the data. If the data do not conform to the normal
distribution, the median and quartile [M (P25, P75)] are

Table 1 General data characteristics
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used. The paired T-test (conforming to a normal distri-
bution) or the Wilcoxon rank sum test (conforming to a
non-normal distribution) were used to compare changes
in each outcome measure before and after the interven-
tion within each group. Comparison between groups var-
iables was compared between the two groups using the
independent sample T-test (conforming to normal dis-
tribution) or the Mann—Whitney U test (conforming to
non-normal distribution). Counting data are expressed in
frequency and percentage, and a Chi-square test is used.
P < 0.05 for each index indicates a statistical difference.

Results

A total of 50 eligible patients were included in this exper-
iment, including 25 patients in the pulmonary function
training group and 25 patients in the combined train-
ing group. Among them, 1 patient in the lung function
training group was transferred to the hospital due to per-
sonal reasons, and 2 patients in the combined training
group were discharged in advance. There were no signifi-
cant differences between the two groups in gender, age,
affected side, cognitive impairment score (MMSE) and
other general data (P >0.05), and the baseline of patients
in the two groups was basically the same and comparable
(see Table 1).

Pulmonary function index

The comparison of pulmonary function indexes before
and after intervention between the two groups is shown
in Table 2.

Intragroup comparison: The pulmonary function indi-
cators (FVC, FEV1/FVC, PEF) of patients in the lung
function training group and the combined training group
were significantly enhanced before and 4 weeks after
intervention, with significant differences before and after
intervention (P <0.001). Comparison between groups:
before the intervention, there was no significant differ-
ence in lung function indexes between the lung function
training group and the combined training group. Four
weeks after the intervention, the improvement of FVC
and PEF in the combined training group was significantly
different from that in the lung function training group
(P <0.001), and the improvement of FEV1/FVC was also

Groups Number of cases Sex Affected side Age(years) MMSE score
Male/female Left/right

Control 24 7/17 17/7 7642 +3.84 2500+1.10

Experimental 23 7/16 15/8 7543 +3.76 2461 +£1.37

P-value / 0.925 0.680 0.381 0.286
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Table 2 Comparison of pulmonary function indexes between the two groups before and after intervention
Index Number of cases Groups Pre-intervention Post-intervention P-value
FVC(L) 24 Control 2.10+0.19 2.82+0.18* < 0.001
23 Experimental 217 £0.24 3.05+0.18%A < 0.001
P-value 0.309 <0.001
FEV1/FVC(%) 24 Control 61.67 +£5.89 7450 +4.85* < 0.001
23 Experimental 60.30 £5.56 79.04 +6.95%A <0.001
P-value 0419 0.013
PEF(L/S) 24 Control 1634020 3.07 £0.30% < 0.001
23 Experimental 162+0.21 365 +045%A <0001
P-value 0407 <0.001

" Indicates that there were significant differences between groups after and before the intervention, A indicating that there were significant differences between

groups compared with the combined training group

statistically significant compared with that in the lung
function training group (P =0.013 <0.05).

Comparison of diaphragm function indexes

The comparison of diaphragm function indicators before
and after intervention between the two groups is shown
in Table 3.

Intragroup comparison: Patients in the pulmonary
function training group and the combined training group
were significantly enhanced in end-inspiratory diaphrag-
matic thickness, end-expiratory diaphragmatic thickness,
diaphragmatic thickness index and diaphragmatic mobil-
ity before and after intervention for 4 weeks, with signifi-
cant differences before and after intervention (P <0.001).
Comparison between groups: Before the intervention,
there were no significant differences in diaphragmatic
function-related indexes between the lung function
training group and the combined training group. After
4 weeks of intervention, the improvement of DTei, DIF

and DE in the combined training group was significantly
different from that in the pulmonary function training
group (P =0.001 <0.05, P= 0.001 <0.05, P< 0.001), and
there was no significant difference in DTee improvement
between the two groups (P =0.615 >0.05).

Hip function

Intragroup comparison: Patients in the pulmonary func-
tion training group and the combined training group had
significant differences in Harris scores before and after
intervention and 4 weeks after intervention (P <0.001).
Comparison between groups: Before the interven-
tion, there was no significant difference in Harris scores
between the lung function training group and the com-
bined training group (P =0.056 >0.05). After 4 weeks of
intervention, there was no significant difference in Harris
scores between the lung function training group and the
combined training group (P =0.171 >0.05); see Table 4.

Table 3 Comparison of diaphragm function between the two groups before and after intervention

Index Number of cases Groups Pre-intervention Post-intervention P-value
DTei(mm) 24 Control 254 +0.12 2.75+0.13% < 0.001
23 Experimental 2524012 290 £0.12%A < 0.001
P-value 0.581 0.001
DTee(mm) 24 Control 206 £0.10 217 £0.11* < 0.001
23 Experimental 209+0.12 219+0.13* < 0.001
P-value 0.368 0615
DTF(%) 24 Control 2360 £5.83 2698 £551* 0.001
23 Experimental 20.95 £3.96 3260 +£5.50A <0.001
P-value 0.07 0.001
DE(mm) 24 Control 1940 £0.97 2289 +£1.11% <0.001
23 Experimental 19.63 £1.31 2526 +1.03*A < 0.001
P-value 0.502 < 0.001

" Indicates that there were significant differences between groups after and before the intervention, A indicating that there were significant differences between

groups compared with the combined training group
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Table 4 Comparison of Harris scores before and after
intervention between the two groups, Unit: score

Index Number Groups Pre- Post-

of cases intervention  intervention
Control 24 4583 +279 6633 +285% < 0.001
Experimental 23 4430+253 6526+2.39% < 0.001
P-value 0.056 0171

" Indicates that there was a significant difference between post-intervention and
pre-intervention comparisons within the group

Discussion

The mechanism of this study is mainly discussed from
the synergistic relationship between the pelvic floor
muscle and the diaphragm muscle. Currently, the two
functions of the pelvic floor muscle are widely rec-
ognized: Support the pelvic organs and promote the
closure of the urethra anus mechanism, but in recent
years, studies have found that the pelvic floor muscle
is not only a single role, but also a synergistic effect
with other muscles, such as the pelvic floor muscle
and abdominal muscle group, diaphragm together
to form a muscle sac, known as the abdominal core.
The diaphragm works in concert with the pelvic floor
and abdominal muscles to maintain the dynamic bal-
ance of abdominal pressure and provide power during
deep breathing and coughing [7, 27]. Recent studies
have shown that during inhalation, the pelvic floor
muscles contract eccentrically, concentrically with
the abdominal muscles during forced exhalation and
coughing, thereby reducing abdominal volume and
increasing IAP, thereby forcing the diaphragm upward
and enhancing exhalation [14]. Moreover, there is
increasing evidence that abdominal muscle groups
are involved in expiratory function to varying degrees
[28]. At present, the improvement of respiratory mus-
cle function mostly stays at the level of direct training
of the respiratory muscle. Abdominal breathing, purs-
ing lips breathing and other schemes can improve the
muscle strength of the respiratory muscles, enhance
the ability of cough and sputum excretion of patients,
and remove foreign bodies in the respiratory organs, so
as to improve the lung function of patients. However,
studies [11, 29] have shown that patients with pelvic
floor muscle abnormalities have abnormal coordination
between pelvic floor muscles and diaphragm muscles,
which affects the function of respiratory muscles and
the ability to cough and expel sputum, and increases
the possibility of pneumonia POP. The abdominal cav-
ity can be regarded as an air sac, and the diaphragm
and pelvic floor muscles are in a state of coordination.
When normal people inhale, the diaphragm contracts
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downward, and the abdominal pressure increases, and
then the pelvic floor muscles relax downward, and the
internal abdominal pressure reaches a dynamic balance.
When exhaling, the abdominal muscles contract, the
pelvic floor muscles contract, and the abdominal pres-
sure increases, which promotes diaphragmatic relaxa-
tion and upward movement, and promotes the function
of the respiratory muscles and the ability to cough and
expel sputum [9]. When the diaphragm is out of coor-
dination with the pelvic floor muscle, the pelvic floor
muscle function is reduced, resulting in the contrac-
tion of the anterolateral abdominal muscles and forcing
the relaxed diaphragm up during forced exhalation and
coughing, and the pelvic floor muscle is down, and the
rise of the diaphragm is weakened, which is not condu-
cive to the improvement of respiratory muscle function
and lung function [7]. Therefore, respiratory muscle
training should also consider the relationship between
abdominal pressure and pelvic floor muscles.

The results of this study show that pelvic floor mus-
cle combined with lung rehabilitation training and lung
rehabilitation training can improve lung function in
patients after intertrochanteric fractures of the femur.
Abdominal breathing [30] is mainly based on training
patients'diaphragmatic contractile and diastolic ability.
During inhalation, diaphragmatic muscle fully decreases
and thoracic volume increases, resulting in an increase in
pulmonary ventilation volume. Lip contraction breath-
ing [31] can increase airway resistance during breath-
ing, prevent premature collapse of small airways during
exhalation, and the inspiration—exhalation time is 1:2,
which increases the exhalation time and reduces the
fatigue of respiratory muscle. Thoracic expansion train-
ing[20] through the joint participation of various respira-
tory muscles to complete breathing exercises, on the one
hand, the muscle strength of auxiliary respiratory mus-
cles can be enhanced; on the other hand, adequate tho-
racic movement can increase the chest capacity, which
is conducive to the improvement of lung ventilation
function of patients. Some studies have shown that [32]
breathing training can effectively improve lung func-
tion and reduce the incidence of POP in elderly patients
with hip fractures. This study shows that lip-abdominal
breathing and thoracic expansion training have signifi-
cant differences in the improvement of FVC, one-second
rate and PEF in patients with intertrochanteric fracture
after surgery (P <0.05). It is consistent with the research
results of other scholars [31, 33].

At present, the results of this study showed that pelvic
floor muscle combined with pulmonary rehabilitation
training was superior to pulmonary rehabilitation train-
ing in improving the pulmonary function of patients
after intertrochanteric fracture surgery, and there were
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significant differences in FVC, one-second rate and PEF
between the two groups after 4 weeks of intervention (P
<0.05). According to Li et al. [34], there is a negative cor-
relation between urinary incontinence and respiratory
function, and lung disease will bring additional health
burden, which is consistent with the results of this study.
The main reason for this result may be due to the coordi-
nation between the diaphragm and the pelvic floor mus-
cle. When the diaphragm and the pelvic floor muscle are
in harmony, the diaphragm contracts downward during
inspiration, and the abdominal pressure increases, and
then the pelvic floor muscles relax downward, and the
internal abdominal pressure reaches a dynamic balance.
When exhaling, the abdominal muscles contract, the pel-
vic floor muscles contract, and the abdominal pressure
increases, which promotes diaphragmatic relaxation and
upward movement, and promotes the function of the res-
piratory muscles and the ability to cough and expel spu-
tum. However, when there is no coordination between
the diaphragm and the pelvic floor muscle, the dia-
phragm contracts downward during inhalation. However,
the abdominal pressure becomes smaller due to the relax-
ation and weakness of the pelvic floor muscle [11, 14].
Therefore, the abdominal pressure cannot be increased
due to the weak contraction of the pelvic floor muscle
as the expiratory muscle during exhalation, so that the
ascending force of the diaphragm is reduced [29]. Thus,
for patients after intertrochanteric fracture of the femur,
the pelvic floor muscle injury will inevitably lead to
reduced abdominal pressure, and the imbalance between
the diaphragm and pelvic floor muscle will also occur.
Sinir et al. [13] conducted pelvic floor muscle training for
women with stress urinary incontinence, and the results
showed that the strength of the patients’respiratory mus-
cles was strengthened. The findings support the hypoth-
esis that expiratory muscle contraction during sneezing
or coughing causes a rapid increase in IAP, which pulls
the diaphragm and raises the IAP, leading to a high expir-
atory flow rate. In this study, patients in the combined
training group showed a more significant improvement
in PEF than those in the lung function training group,
indicating that the maximum flow rate generated dur-
ing forced exhalation was greater, indirectly indicating
that the patients had stronger diaphragm strength. Some
studies [12]claimed that the contraction intensity of pel-
vic floor muscle was positively correlated with forced
expiratory volume within 1S, which was also verified in
the results of this study.

This study mainly evaluated the changes in
patients'diaphragm function by measuring DTei, DTee,
DTE, and DE. DTei refers to the thickness of the dia-
phragm after contraction. When the body inhales, the
diaphragm fibers become shorter and thicker due to the
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contraction of the diaphragm, which can directly reflect
the contraction degree of the diaphragm; DTee refers
to the thickness of the diaphragm at the end of breath-
ing. Under normal circumstances, the diaphragm is in a
dilated state at the end of exhalation, and the thickness
of the diaphragm is thin at this time, which can reflect
the degree of relaxation of the diaphragm. When the
DTee is thin, it may indicate pulmonary diseases such
as emphysema; when the DTee is thick, it may indicate
that the patient may have diaphragm spasm, fibrosis and
other disorders. DTF refers to the diaphragm thickness
index, which mainly reflects the change of diaphragm
thickness in the human body during breathing, and can
best reflect the contraction ability and functional status
of the diaphragm before and after a person [35]. Stud-
ies have shown that [36]DTF is positively correlated
with respiratory function, and can be used as an indica-
tor to predict the lung function of patients. DE refers to
the range of diaphragm movement in the breathing pro-
cess, which can reflect the ventilation of the lungs. When
the diaphragm falls during inhalation, the chest volume
increases and gas enters the lungs. Therefore, a larger
diaphragm movement reflects the better ventilation
function of the patient [37].

The results of this study showed that there were signifi-
cant differences in DTei, DTee, DTF and DE between the
combined training group and the lung function training
group before and after intervention (P <0.05), indicat-
ing that the combination of pelvic floor muscle and lung
rehabilitation training is conducive to the improvement
of diaphragm function. In both groups, patients were
required to perform lip-abdominal breathing training
and thoracic expansion training. Abdominal breathing
mainly emphasizes the ability to train the diaphragm as
the main respiratory muscle, strengthen the contraction
ability of the diaphragm, reduce the overuse of auxiliary
respiratory muscle, correct the wrong breathing pattern,
so as to promote the cough and expectoration ability of
patients after the operation of intertrochanteric fracture
of the femur, and reduce the occurrence of POP, breathe
out gently with abdominal breathing, avoiding exhaling
for too long to avoid bronchospasm from the next inhala-
tion[38]. Lip contraction breathing can prolong the time
of exhalation, so that the diaphragm has a longer time to
relax, and promote the rhythm of breathing. Thoracic
expansion training can enhance the degree of thoracic
motion, provide more space for the diaphragm to move,
better coordinate the auxiliary respiratory muscle with
the diaphragm, and increase the degree of diaphragm
movement. The results obtained in this study are in
agreement with the theory.

Four weeks after the intervention, the improvement
of DTei, DTF and DE indexes between the two groups
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showed significant differences. Pelvic floor muscle train-
ing was performed on patients who underwent inter-
trochanteric fracture of the femur in the combined
training group to restore pelvic floor muscle strength
and improve the function of pelvic floor muscle. When
the patient exhales, the contractility of the pelvic floor
muscles increases and the abdominal pressure increases,
which further promotes the upward relaxation of the dia-
phragm and thus improves the DE. Anal lift exercises are
usually combined with proper breathing patterns, such
as abdominal breathing. In the process of pelvic floor
muscle combined with lung rehabilitation training, the
movement of the diaphragm increases, making the dia-
phragm contract more fully during inhalation. Long-term
abdominal breathing combined with pelvic floor muscle
training may cause the diaphragm muscle fibers to get
more exercise, resulting in an increase in DTF. However,
it was found that DTF increased mainly because the DTei
increased more significantly in the combined training
group, and there was no significant difference in DTee
between the two groups (P =0.615). After intervention,
the DTee of the patients in the combined training group
was 2.19 £0.13, and that of the lung function training
group was 2.17 +0.11. Perhaps due to the short train-
ing time, a large number of motor units were recruited
during contraction, and the thickness of the diaphragm
increased. During diastole, the improvement of nerve
recruitment capacity did not lead to significant changes
in muscle structure during diastole.

Limitations and innovations

In this study, abdominal pressure balance was restored
through pelvic floor muscle training to promote the
improvement of diaphragm function and further enhance
lung function. However, the abdominal pressure index
was not evaluated in this study, and a urine dynamic test
was required for this evaluation in Beijing Xiaotang-
shan Hospital. Considering the safety and comfort of
patients, the test was not conducted. This research in
the prophase project (BeijingHospitalsAuthority Youth
Programme, code: QML20192201) in conclusion: pulmo-
nary rehabilitation training for the curative effect of pul-
monary function in patients with hip fracture surgery is
better than that of blank control group. On the basis of
this subject, this study discussed the effects of pelvic floor
muscle combined with lung rehabilitation training and
conventional rehabilitation methods (lung rehabilitation
training) on diaphragm function in patients with pelvic
floor muscle injury after hip fracture surgery, and com-
pared the two programs to restore lung function, which
is the innovation of this experiment, so it is not necessary
to add a control group that did not receive any rehabilita-
tion training.
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Conclusion

This study shows that pelvic floor muscle combined
with lung rehabilitation training is superior to lung
rehabilitation training in improving lung function in
patients with intertrochanteric fracture after operation.
Moreover, it was verified that the combination of pel-
vic floor muscle and pulmonary rehabilitation training
promoted the improvement of pulmonary ventilation
by improving the patients'diaphragm function (DTei,
DTE, DE), thereby reducing the occurrence of POP.
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