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Abstract 
Objective: Against a background of the two-child policy in China, the objective 
is to explore the effects of lower limb strengthening exercises on hospitalized 
pregnant women put on bed rest for prevention of miscarriage. Method: Sixty 
cases of pregnant women admitted to the Department of Obstetrics in one of 
the highest ranking hospitals in Guangzhou, China, during the period from 
November 2018 to December 2019 for the purpose of preventing miscarriage 
were selected. They were divided into an experimental group and a control 
group of 30 cases each. The control group was put under routine care while the 
intervention group conducted lower limb muscle strengthening exercise on top 
of the routine care. After the intervention, the conditions of lower limbs, the 
psychological states and the results of pregnancy for the two groups were com-
pared. Results: After the intervention, the scores of the experimental group in 
anxiety, depression and postpartum depression were lower and leg circumfe-
rences were smaller compared to the control group. The difference is statisti-
cally significant (P < 0.05). The experimental group had longer gestation than 
the control group and was able to get out of bed earlier than the control group 
after delivery, with statistically significant difference (P < 0.05). Conclusion: 
Lower limb muscle strengthening exercises can effectively improve the physio-
logical and psychological states of pregnant women hospitalized for prevention 
of miscarriage and promote their postpartum recovery. 
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1. Introduction 

Since the implementation of universal two-child policy and along with the de-
velopment of assisted reproductive technologies, the high-risk pregnancy popu-
lation is expanding year by year [1]. As female fertility gradually declines, the in-
cidence rates of pregnancy complications and adverse pregnancy results are con-
tinuously on the rise [2] [3]. Research data indicate that the incidence rate of 
high-risk pregnancy is approximately 6% - 33% [4]. Due to the different types of 
complications which include threatened miscarriage, premature rupture of 
membranes, and preterm labor, pregnant women usually require bed rest. As a 
common way of clinical pregnancy management, prenatal bed rest is prescribed 
by as much as 95% of obstetricians to limit the activities of pregnant women [5]. 
Prolonged bed rest can bring serious damages to human bodies, including ske-
letal muscle atrophy and weakness, and thromboembolic disorders [6]. Among 
them, lower limb muscle atrophy is one of the most common complications. 
Lower limb muscle strength is one of the crucial factors that determine whether 
an individual can maintain independent living [7], and it affects the progress of 
labor to a certain extent [8]. Apart from putting a physiological burden on 
pregnant women who are trying to prevent miscarriage, prolonged bed rest also 
results in the existence of various degrees of anxiety and depression in pregnant 
women [9]. ACOG’s publication, “Exercise during Pregnancy and Postpartum 
Period”, recommends that appropriate exercises should be conducted during 
pregnancy [10]. Research also demonstrated that exercises can reduce anxiety 
and depression in pregnancy and effectively preserve the strength required for 
labor, shorten labor duration, and reduce the rate of Cesarean sections [11]. 
However, current studies on functional exercises during pregnancy have focused 
on normal pregnant women or high-risk pregnant women without restriction of 
activities, with a lack of functional exercises suitable for pregnant women put to 
long-term bed rest for prevention of miscarriage. Based on past research on 
functional exercises, this study has designed a set of prenatal lower limb muscle 
strengthening exercises for the purpose of maintaining the lower limb functions 
of pregnant women on long-term bed rest for prevention of miscarriage, 
preventing deep vein thrombosis in lower limbs, and improving the psychologi-
cal state of pregnant women. 

2. Data and Method 
2.1. General Data 

Sixty cases of pregnant women admitted to our hospital during the period from 
November 2018 to December 2019 were selected. Using convenience sampling, 
they were divided into a control group and an intervention group according to 
their order sequence of admission to the hospital, with 30 cases in each group. 
The standards of inclusion were as follows: gestation at the time of admission to 
the hospital ≤ 28 weeks; expected period of hospitalization > 28 days; condition 
being stable after treatment with medication; having been assessed by a specialist 
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to be fit for conducting exercises; and informed consent given willingly to par-
ticipate in this study. Standards of exclusion were: pregnant women with a his-
tory of abnormal lower limb muscle strength; condition being unstable; unfit for 
exercises, and having a past history of mental disorder, mental retardation; or 
major organic disease. The difference in comparison of general demographic 
data of the two groups is insignificant (P > 0.05). 

2.2. Method 

The control group was given routine prenatal care. Support stockings were worn 
on both lower limbs for 10 hours a day; air compression therapy for both lower 
limbs was given twice a day for half an hour in each session for four weeks. A 
uniform brand (Maiershu, model AF) of support stockings was used, and suita-
ble models were chosen based on leg circumferences. The intervention group, on 
top of receiving the routine care, conducted functional prenatal lower limb mus-
cle strengthening exercises designed by the hospital as functional exercises. 

1) An Intervention Team for the prenatal lower limb muscle strengthening 
exercises was set up, comprising of a chief physician, a chief nursing officer, an 
attending physician, two supervisor nurses, and a nurse. Specifically, they were 
in charge of guiding the design of the fitness exercises, explanation to patients, 
and demonstration of the intervention method. Members of the team had all 
undergone uniform educational training. 

2) Assessment of patients: Assessment before exercise: Condition of the preg-
nant women on bed rest, no contractions; no discomfort of chest tightness or 
shortness of breath; and normal fetal heart sounds and fetal movement. Assess-
ment during exercise: monitoring whether the pregnant women had any com-
plaints of discomfort, or whether there were abnormalities of vaginal bleeding 
and uterine contractions. Once abnormality was found, exercises were termi-
nated immediately and the appropriate treatments were given. Monitoring after 
exercise: monitoring of fetal heart sounds and the pregnant women’s blood 
pressure and pulses. In case of fetal heart abnormality, oxygen would be given, 
with change of posture. If the vital signs of a pregnant woman were found to be 
unstable, close monitoring would be given. If the pregnant woman failed to re-
cover, a physician would be notified for further actions. 

3) Design of prenatal lower limb muscle strengthening exercises 
The prenatal lower limb muscle strengthening exercises were designed ac-

cording to physiological characteristics during pregnancy and matters for atten-
tion during bed rest for prevention of miscarriage, with reference to training 
methods for bed-rest patients and multidisciplinary rehabilitation as well as 
published literature in China and overseas. Through literature review, consulta-
tion with experts, and clinical experience, a set of prenatal lower limb muscle 
strengthening exercises was designed by selecting the best. Each movement had 
been pre-tested clinically for its exercise time, intensity, and purpose in five cases 
by the pregnant women in person, and their opinions were taken into account. 
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Four movements were eventually confirmed. On top of the routine care given, 
lower-limb muscle strengthening exercises were added. The lower limb muscle 
strengthening exercises were designed through observing the principle of orderly 
progress in exercises and the principle of working from bottom to top in lower 
limb exercise physiology. The specific program is as follows: 

Preparatory pose: The pregnant woman lies on her back, relaxing the whole 
body and stretches her lower limbs. 

a) Ankle pumps exercise: 
i) Ankle joint dorsiflexion and plantarflexion exercise: Slowly bend the toe 

side of feet inward, pointing to self as much as possible, and hold at the maxi-
mum position for 10 seconds. Then slowly press the toe side of feet downward 
and hold at the maximum position for 10 seconds. Repeat back and forth 10 
times. ii) Ankle rotation exercise: centered on the ankle and rotate the toes 360 
degrees, maintaining the maximum extent of movement; repeat 20 times. 

b) Heel exercise: 
Bend the knees of both lower limbs, with bottom of the feet against the bed. 

Move the heel slowly along the surface of bed toward the buttock, and then 
straighten slowly. Alternate the lower limbs for the above movement. 

c) Straight leg raise exercise: 
Keeping the knee straight for the lower limb on one side, raise the leg at an 

angle of at least 15 degrees and hold for at least 10 seconds. After raising the 
lower limb 10 times consecutively, switch to the lower limb on the other side. 

4) Training method 
The lower limb muscle strengthening exercises were recorded as an MP4 for-

mat video. The first part was a one-minute presentation of the functions of the 
strengthening exercises and matters for attention. The second part was a 
15-minute video of movements for learning. The background music was selected 
from Mozart’s Serenade. The video file was saved in a USB flash drive. The LCD 
flat screen televisions in the wards were confirmed to be operating normally to 
ensure that patients can view the TV screens. The video was played to the expe-
rimental group after breakfast, lunch, and dinner on daily basis. Trained nurses 
provided guidance and made assessments on-site according to the conditions of 
the patients. 

2.3. Assessment Method 
2.3.1. Assessment Tool 
Assessments were made when the pregnant woman was admitted to the hospital 
and four weeks after the intervention by using the Self-Rating Anxiety Scale 
(SAS) and the Self-Rating Depression Scale (SDS). One week after delivery, the 
Edinburgh Postpartum Depression Scale was used to make assessment. 

2.3.2. Observational Indicators 
The pregnant women’s thigh and calf circumferences, lower limb strength, 
weeks of gestation, modes of delivery, time taken to be out of bed for postpartum 
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activity, and postpartum complications were observed and recorded. The as-
sessment standards of some of the indicators were as follows: 

1) Lower limb strength 
Assessment was made according to the six-grade muscle strength standard. A 

grade-five assessment indicates normal muscle strength while others were ab-
normal strength. 

2) Others 
Time taken to be out of bed for postpartum activity refers to getting to the 

state when a woman can stand with both feet on the ground for three minutes or 
more after giving birth. Postpartum complications refer to whether there was 
fever within one week from the delivery and whether there was postpartum 
bleeding within 42 days after giving birth. 

2.4. Statistical Method 

SPSS 20.0 software is used for statistical analysis. Percentages, average value ± 
standard deviation, and median expression were used in statistical computation. 
The methods used were t-test, chi-square test, Fisher exact probability test, and 
nonparametric Mann-Whitney U test, with P < 0.05 indicating a significant dif-
ference. 

3. Results 

1) Before the intervention, no statistically significant difference was found in 
anxiety and depression when comparing the two groups (P > 0.05). After the in-
tervention, anxiety and depression of the experimental group were both lower 
than the control group, with statistically significant difference (P < 0.05), as 
shown in Table 1. 

2) Before the intervention, no statistically significant difference was found in 
leg circumferences and muscle strength when comparing the two groups. After 
the intervention, the calf circumferences of both left and right legs of the expe-
rimental group were larger than the control group, with statistically significant 
difference (P < 0.05), as shown in Table 2. 

3) No statistically significant difference was found in modes of delivery and 
postpartum complications when comparing the two groups (both P > 0.05). 
Gestation period of the experimental group was longer than the control group (P  

 
Table 1. Comparison of scores of anxiety and depression before and after intervention. 

Group n 
Anxiety Depression 

Before intervention After intervention Before intervention After intervention 

Experimental 30 37.00 (32.75, 42.00) 30.00 (26.00, 32.00) 39 (36, 48) 32 (28, 37) 

Control 30 36.00 (33.00, 41.00) 32.00 (28.00, 36.00) 39 (37, 44) 34 (32, 40) 

Z Value 
 

−0.432 −10.262 −0.753 −7.457 

P Value 
 

>0.05 <0.05 >0.05 <0.05 
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Table 2. Comparison of leg circumference and muscle force after intervention. 

Group n 
Leg circumference (cm, x ± s) muscle strength 

Left thigh Left calf Right thigh Right calf normal abnormal 

Experimental 30 40.15 ± 3.66 31.39 ± 3.56 39.63 ± 5.26 31.39 ± 3.65 22 8 

Control 30 40.05 ± 3.98 29.30 ± 3.85 40.16 ± 4.00 29.25 ± 3.05 18 12 

Statistics 
 

t = 0.095 t = 2.192 t = 0.095 t = 2.484 χ2 = 0.412 

P Value 
 

>0.05 <0.05 >0.05 <0.05 >0.05 

 
Table 3. Comparison of pregnancy outcomes between two groups. 

Group n 
delivery mode [cases (%)] Gestation period 

[weeks, M (P25, 
P75)] 

Postpartum 
complications 

[cases (%)] 

Postpartum activity 
time [hour, M 

(P25, P75)] 

Postpartum 
depression score 

[score, M (P25, P75)] vaginal delivery cesarean delivery 

Experimental 30 18 (60.0) 12 (40.0) 37.00 (36.00, 37.00) 6 (20.0) 30 (25, 35) 9 (8, 10) 

Control 30 13 (43.3) 17 (56.7) 36.57 (35.71, 37.00) 9 (30.0) 32 (25, 36) 9 (9, 11) 

Statistics 
 

χ2 = 0.301 Z = −7.620 χ2 = 0.552 Z = −2.670 Z = −3.425 

P Value 
 

>0.05 <0.05 >0.05 <0.05 <0.05 

 
< 0.05); time taken to be out of bed for postpartum activity was less than the 
control group (P < 0.05); and postpartum depression score was lower than the 
control group, as shown in Table 3. 

4. Discussions 
4.1. Prenatal Lower Limb Muscle Strengthening Exercises 

Improving the Feelings of Anxiety and Depression in 
Pregnant Women on Bed Rest 

This study has found that, after the intervention, the scores of anxiety and de-
pression by the experimental group were both lower than those of the control 
group. The study of Perales et al. [12] also proved that conducting exercises un-
der supervision during pregnancy can reduce the occurrence of depression in 
pregnant women. Similarly, in a study of Kim [13] on the effects of exercises 
conducted in bed on the psychological symptoms of high-risk pregnant women, 
it was found that exercises conducted in bed did not increase the risk to fetuses 
for hospitalized high-risk pregnant women. At the same time, these exercises 
had functioned to alleviate body discomfort and anxiety. Regular amount of dai-
ly lower limb exercises at regular timing can shift the attention of pregnant 
women from the health of the fetuses in uterus to the control of their own limbs, 
thus easing their nervous feeling. Exercise intensity characterized by regulated 
relaxation and tightening can provide better relief and positive channeling of the 
negative feeling caused by long-term confinement to bed, thereby reducing an-
xiety and depression. At the same time, the results of this study indicate that the 
experimental group had an obviously lower scoring of depression compared to 
the control group, which is statistically significant. Regular prenatal lower limb 
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exercises to combat the adverse effects of bed rest for the purpose of preventing 
miscarriage enable the women giving birth to positively deal with the psycho-
logical impact brought by labor pain and the changes in family structure after 
delivery, thus rendering her to be more emotionally stable and able to feed her 
newborn with a positive mind. 

4.2. Prenatal Lower Limb Muscle Strengthening Exercises 
Maintaining the Condition of Lower Limb Functions for 
Pregnant Women 

As shown in a research study [14], “dramatic change in muscle mass occurs 
within 4 - 6 weeks of bed rest, accompanied by decrease of 6% to 40% in muscle 
strength”. The results of this study show that calf circumference of the experi-
mental group is better than that of the control group, indicating that lower limb 
muscle strengthening exercises are able to reduce calf muscle atrophy of preg-
nant women on long-term bed rest. The reasons are analyzed as follows: 1) this 
set of muscle strengthening exercises focused on exercising the calf of lower 
limbs, thus preventing muscle atrophy as a result of lack of walking; 2) when 
changing the postures of lower limbs continuously, the isometric exercises and 
isotonic exercises included in this set of muscle strengthening exercises also 
prevented the limbs from staying at the same position, thus preserving the flex-
ibility of joints; in a situation of long-term bed rest, 3) after four weeks’ training 
of lower limb muscle strengthening exercise, the pregnant women’s awareness of 
the need to exercise their lower limbs was strengthened, corresponding to the 
maintenance of the lower limbs’ ability to exercise. 

4.3. Prenatal Lower Limb Muscle Strengthening Exercises 
Lengthening Gestation and Reducing Incidence  
of Preterm Birth 

Preterm birth is a social issue that affects the health of the population. As indi-
cated by the Global Report on Preterm Birth in May, 2012, the incidence rate of 
global preterm birth is >10%. In China, the incidence rate of preterm birth is 
around 7%, and preterm birth has become the number one cause of infant mor-
tality in China. Concurrently, premature infants constitute a high-risk group in 
terms of slow growth, infectious disease and lagging behind in development in 
both infancy and childhood. The proportions of premature infants suffering 
from diseases such as cerebral palsy and chronic lung disease are evidently high-
er than full-term infants. As shown in the results of this study, gestation of the 
experimental group was evidently longer than that of the control group, with 
statistically significant difference. After four weeks of regular intervention, the 
condition of the pregnant women confined to bed rest for prevention of miscar-
riage had transited from the initial feeling of aversion to general acceptance and 
were more willing to cooperate in treatments given by the medical staff. Appro-
priate exercises will stimulate the development of brain, sensory organs and 
neurological system of a fetus in the uterus, and at the same time improve blood 
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circulation of the lower limbs, thereby resulting in improved perfusion to or-
gans, including the placenta, throughout the body, positive impact on the intra-
uterine environment, and promotion of metabolism of the fetus in the uterus. As 
a result, gestation can be lengthened and the incidence of preterm birth reduced. 

4.4. Prenatal Lower Limb Muscle Strengthening Exercises 
Shortening the Time Taken to be out of Bed for Postpartum 
Activity and Speeding up Postpartum Recovery 

As shown by the results of this study, the time taken for the experimental group 
to be out of bed for postpartum activity was evidently shorter than that of the 
control group, with statistically significant difference. Research has indicated 
that getting out of bed for activities early enough can effectively lower the for-
mation of deep vein thrombosis, promote intestinal peristalsis, reduce the inci-
dence of bowel obstruction, and raise the capability and confidence of the moth-
er in feeding her baby [15] [16]. The lower limb muscle strengthening exercises 
carried out during the period of preventing miscarriage allow regular exercising 
of a pregnant woman’s joints and muscle, facilitating the positive development 
of confidence in the pregnant woman and her getting out of bed to resume ac-
tivities after delivery. At the same time, regular exercises during pregnancy can 
improve body condition, boost immunity, reduce the incidence of postpartum 
complications, and speed up recovery. 

Along with social development and changes in living habits, high-risk preg-
nancy is continuously on the rise. High-risk pregnancy not only impacts the 
physical health and living quality of pregnant women, but also increases mor-
bidity and mortality of new infants in the perinatal period. Appropriate and ef-
fective lower limb muscle strengthening exercises can extend gestation, reduce 
preterm birth, raise the muscle strength of the lower limbs of such population, 
and ease the feeling of anxiety during the period of preventing miscarriage, and 
improve the results of pregnancy. Due to the limitation of time and circums-
tances, it was not possible to conduct a comprehensive B-mode ultrasonic test-
ing for the subjects, thus lacking an exploration of deep vein thrombosis in the 
lower limbs. During the study period, the number of pregnant women on bed 
rest for prevention of miscarriage that met the standards of inclusion was rela-
tively small in number and had come from the same hospital. Hence, it is neces-
sary to further expand the sample size for the promotion of this project. 
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