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Background: Postoperative functional training for fracture or osteoarthritis is mainly 
focused on functional self-exercise, which aims to recover the function of the lower limbs.
Purpose: To compare the function and life quality recovery in patients with fracture or 
arthritis treated with novel muscle training device (NMT) or conventional rehabilitation 
training (CRT) following surgery.
Patients and Methods: A total of 32 fracture patients were randomly divided into the 
NMT or the CRT groups. The evaluation was performed on the first and 7th day after 
surgery. The outcome measurements included the incidence of foot drop, Deep Vein 
Thrombosis and pressure ulcers, Hospital for Special Surgery knee score (HSS scores), 
pain scores for the Visual Analogue Scale (Pain scores for VAS), Zung self-rating anxiety 
scale (SAS), Pittsburgh sleep quality index (PSQI) and the Barthel Index score.
Results: The comparison of the change scores between the two groups indicated significant 
differences on day 7 following surgery in the Barthel Index score (P<0.01). The Pain scores 
for VAS between the two groups indicated a significant difference (P<0.05, U=20.0). The 
HSS scores between the two groups indicated a significant difference (P<0.05, U=19.0). The 
HSS scores exhibited a highly significant difference in the NMT group (P<0.01). The Mann– 
Whitney test was used to analyze the various components of the HSS scores. The comparison 
of the change scores on the function between the two groups indicated a significant differ-
ence (P<0.05). The Range of Motion difference between groups exhibited highly significant 
differences (P<0.01).
Conclusion: The novel muscle training device positively influenced the decrease in pain 
score, which resulted in a range increase of knee joint movement and a significant overall 
improvement in motion.
Keywords: orthopedics, fracture, middle-aged and elderly, function exercise

Introduction
The aging population is a high-risk group that is prone to develop several health 
conditions and disorders.1 According to a recent survey, the aging population is at high 
risk of developing fractures notably at the lower limbs. The fractures are usually caused 
by osteoporosis and poor ADL (activities of daily living).2 The hip and knee surgery, 
lower limb fracture, arthroscopic surgery, lower limb arthritis and prolonged stay in bed 
may lead to a variety of nursing problems, such as foot drop and venous thrombosis. 

Correspondence: Yu-hua Zhou  
Nursing Department, Shantou Central 
Hospital, Wai-ma Road 114, Shantou City, 
Guangdong Province, People’s Republic of 
China  
Tel +86 0754-88903584  
Fax +86 0754-88548117  
Email zhouyuhua1023@163.com   

Dong-qi Lin  
Department of Cardiothoracic Surgery, 
The Second Affiliated Hospital of Shantou 
University Medical College, Shantou, 
Guangdong, People’s Republic of China  
Tel +86 0754-88915647  
Email doctorldq@163.com

submit your manuscript | www.dovepress.com Clinical Interventions in Aging 2020:15 2209–2218                                                         2209

http://doi.org/10.2147/CIA.S277118 

DovePress © 2020 Cai et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging                                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

mailto:zhouyuhua1023@163.com
mailto:doctorldq@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


Therefore, it is of great significance to provide early rehabili-
tation training for patients with lower limb dyspraxia.3,4

Several studies have reported a limited number of factors, 
such as pain, anxiety and low life quality that are caused by 
surgery associated with functional recovery.5,6 Elderly 
patients are often accompanied by hypertension, osteoporo-
sis and other health problems, which lead to slow wound 
healing following surgery. A prolonged period of staying in 
bed and keeping motionless following surgery will cause loss 
of muscle tone, limited range of movement, pressure sores, 
constipation and other skin and urinary disorders.7,8 Ceroni 
et al reported significant differences in teenagers with low 
limb fracture on the average muscle stone on both sides of the 
lower limbs.9 A descriptive cohort study examined the need 
of physical therapy in patients who had undergone fracture 
surgery. The results indicated significant differences in the 
independence of patients undergoing individualized physical 
therapy compared with patients who had not been treated at 
the time of discharge evaluation.10 Therefore, it is essential 
for the patients with lower limb fracture and motor dysfunc-
tion to exercise early for rehabilitation. Host et al performed 
a study on rehabilitation exercise training following hip joint 
surgery in the elderly. Rehabilitation training in a supervised 
environment with appropriate time and strength following 
hip joint surgery can promote the physical recovery and 
muscle strength.11

Modern clinical nurses increasingly rely on innovative 
technologies to evaluate and treat patients.12,13 The develop-
ment of nursing patents has significantly promoted the pro-
cess of nursing treatment. Moreover, the nursing patent 
technology has played a vital role in the clinic. Until now, 
a limited number of studies have been conducted regarding 
the evaluation of patents used in clinical applications. 
A patent for a novel muscle training device was applied in 
2014, which aimed at promoting the strength of lower limbs 
and preventing the weakness of lower limbs and the foot 
drop (Figure 1). Therefore, we conducted a pilot study to 
compare the short-term rehabilitation of the novel muscle 
training device (NMT) group and the conventional rehabili-
tation training (CRT) group. The present study aimed to 
provide a reference for subsequent randomized clinical trials.

Patients and Methods
Study Design
A pilot study with two study groups was performed in an 
orthopaedic ward in one college affiliated hospital. The 
present study was approved by the Ethics Committee of 

Shantou Central Hospital (2019-Ke-Yan (137)). This study 
has complied with the Declaration of Helsinki. In addition, 
this study was a pilot study and not a formal clinical study. 
Additional trials can be extracted from the Chinese 
Clinical Trial Registry (ChiCTR2000029979).

Participants
The following inclusion criteria were used: hospitalized 
patients aged 50–85, presence of hip knee gonarthrosis or 
knee injury or femoral neck, intertrochanteric surgery or 
surgery caused by subtrochanteric fracture and necrosis of 
the femoral head or unilateral and bilateral motor dysfunc-
tion of lower limbs following surgery. The enrolled 
patients were hospitalized to regain normal function with 
regard to flexion, extension and varus of the ankle joint. 
The exclusion criteria were as follows: patients with ankle 
arthropathy or ankle surgery. In addition, patients with 
consciousness disorders including coma and dementia, 
pregnant and lactating women and those who refused to 
participate in the study were also excluded.14 The patients 
were assigned to either NMT or CRT groups following the 
principles of normalization, fairness and randomization.

The demographic and clinical characteristics of these 
two groups were similar (Table 1).

Allocation
(1) Following completion of baseline evaluation, the ran-
dom sequence was generated by the statistician. The pre-
mier designer decided the type of random number 
allocation for the NMT or CRT groups. (2) The premier 
designer would compile a list of distribution sequences, 
which was divided into 3 columns. The first column 
included the sequence number. The second column was 
the random number. The third column was the group 
identification. (3) The random number was obtained by 
the random number generator. The sequence number cor-
responding to each object was strictly matched with the 
random number generated by the sequence. (4) The group 
was determined according to the random number. The 
large number group was defined as group A, while the 
small number group was defined as group B. The same 
sample size was used by both groups. The trial was super-
vised and guided by the premier designer and statistician.

The open study design was adopted rather than the 
blind method. It was impractical to blind the clinical 
nurses and rehabilitation physicians conducting the inter-
vention study considering the operation of the device. It 
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was notable that the blind method could not be adopted 
after the patients were allocated.

The clinical nurses who did not participate in the trial 
were responsible for recruiting patients according to the 
inclusion criteria. The sequence numbers were assigned on 
the basis of the time of attendance. The sequence numbers 
were recorded and kept by the clinical nurses. The mea-
surement outcomes were assessed by the clinical nurses 
and the rehabilitation physicians who did not participate in 
the allocation.

Intervention
Each patient read and signed an informed consent form at 
the pretrial period. Moreover, the patients received the 
standardized rehabilitation treatment provided in our reha-
bilitation department and were closely supervised by the 
physician of the corresponding rehabilitation department. 
The content of standardized rehabilitation treatment was 
not different between the groups. The patients in the NMT 
and CRT groups required postoperative rehabilitative 

exercise, such as quadriceps femoris isometric contraction 
exercise and ankle joint flexion and extension exercise 
with the help of doctors and nurses in the orthopedics 
department. In addition, the NMT group applied for 
a new patent, which was approved by the Intellectual 
Property Office of the People’s Republic of China on 
May 23, 2014. The following certificate was obtained for 
this method: Certificate No. 3,953,389. The present study 
was conducted from February 2020 to August 2020. All 
patients of the NMT group received treatment for at least 
20 min per day twice in the morning and in the afternoon 
by the device in addition to the conventional rehabilitation 
treatment. The patients in the CRT received only 20 min of 
conventional rehabilitation treatment from the physical 
therapist every day. This device included a vertical and 
a horizontal base plate that was connected to form an 
included angle. A training pedal hinged to the vertical 
base plate was provided in the included angle and 
a return spring was provided between the training pedal 
and the vertical base plate. A fixing rope was arranged on 

Figure 1 Novel muscle training device. 
Notes: Novel muscle training device (A and B). Design schematic diagram (C).
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the back of the vertical base plate and a bump for limiting 
the rear heel was arranged on the horizontal base plate. 
The bumps were made of sponge to improve comfort and 
prevent friction (Figure 1). The training device was 
installed by the nurse in the bed. The patients underwent 
muscle strength training under the guidance of rehabilita-
tion physicians and orthopaedic nurses. All the training 
was conducted under optimal conditions and the patient 
wellbeing was ensured. In case the patient was tired or 
unwell, he could pause for a while to recover and continue 
to complete the strength training exercise. The whole 
training process was supervised and guided by the physi-
cians and nurses. The lower extremity condition was eval-
uated and the results were recorded following completion 
of the training. The patient could train the muscle strength 
of the lower extremities and promote the recovery of the 
muscle tone of the thigh femoris, calf gastrocnemius and 
soleus muscles through the device without getting out of 
bed. Postoperative patients were allowed to start muscle 
training on a novel muscle training device following eva-
luation on the first day postoperatively. The rehabilitation 
physicians and orthopedic nurses guided and supervised 
the patients to carry out rehabilitative exercises.

The patients were free to use the device without assis-
tance during rehabilitation training. The device was not only 
used for training under supervision, but was also provided to 
patients in the NMT group in the ward during the day.

Outcome Measurement
On admission, the demographic and clinical data were 
collected, which included age, gender, weight, height, 
fracture location, type of surgery, and underlying disease. 
The outcome measurements were assessed on admission 
(prior to intervention) and on the day after one week of 
intervention.

1.The Hospital for Special Surgery (HSS) knee score15 

was proposed by the American Hospital for Special 
Surgery in 1976 with a total score of 100 points. It was 
used to evaluate the movements of patella joint and 
femoral tibial joint following surgery.

2.The Visual Analogue Scale (VAS) comprised 
a straight line with a length of 100 mm and the scale 
used was as follows: a segment labelled 0 denoted “pain-
less,” and 10 denoted “unbearable pain”.16 The leftmost 
and rightmost number represented “painless” and the 
strongest pain, respectively;17

3.The SAS anxiety scale (Zung self-rating anxiety 
scale (SAS))18 is a fairly simple clinical tool for analyzing 
the symptoms of the patients. It is suitable for adults with 
anxiety symptoms and it is applied widely for this purpose. 
In the present study, it was used to assess the psychologi-
cal and emotional situation during hospitalization.

4. Pittsburgh sleep quality index (PSQI) is a scale 
proposed by Buysse et al in 1989 and aims to evaluate 
individual sleep quality.19 The present study evaluated the 
sleep quality of the patients using the PSQI scale during 
hospitalization.

5.The Barthel index (the Barthel index of ADL) was 
designed and formulated by the American doctor Barthel 
and Florence Mahoney in 1965.20,21 It is commonly used 
in American rehabilitation institutions. The Barthel index 
was used to assess the patient activities of daily living 
following surgery.

Conventional Rehabilitation Training 
After Lower Limb Fractures
The pelvic and acetabular fractures were assessed as fol-
lows: After the operation, the patients were instructed to 
perform quadricep isometric contraction and ankle joint 
training. The patients underwent early passive knee flexion 

Table 1 Personal Characteristics of the Study Participants

NMT Group 
(N=10)

CRT Group 
(N=10)

P

Gender 3 males; 7 

females

2 males; 8 

females

0.500#

Age (years) 68.3±8.1 68.9±13.70 0.821

Height (cm) 157.6±4.7 157.0±5.4 0.849

Weight (kg) 64.4±15.3 58.7±8.3 0.343

Time hospitalization 13.8±5.4 15.3±3.7 0.494

VAS pain scores 4.6±1.6 3.7±1.5 0.216

Barthel scores 66.5±29.7 67.0±1.70 0.970

Medium frequency 

electric stimulation

5 treated; 5 

untreated

5 treated; 5 

untreated

1#

Fracture Style

Femur 4 4
Knee 4 5 0.801#

Hip 2 1

Financial cost 387.6±184.3 – –

Notes: #Statistical analysis was performed using Chi-square. 
Abbreviations: NMT group, novel muscle training device group; CRT group, 
conventional rehabilitation training group.
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and extension activities that could gradually change to 
initiative activities according to optimal conditions. The 
patients who exhibited successful recovery received hip 
joint activity training.

The knee, femoral intertrochanter, or femoral neck 
fracture were assessed as follows: After the surgery, the 
patient was instructed to carry out gradually early passive 
knee flexion and extension activities that would eventually 
change to active activities. Ankle joint activities mainly 
included dorsiflexion activities. Isometric contraction exer-
cises of quadriceps were instructed for patients step by 
step in order to promote muscle strength recovery.

All evaluations and tests were performed with the 
patient’s consciousness and informed consent.

Statistical Analysis
All statistical analyses were conducted using the SPSS 21 
software. Descriptive statistics were used to describe the 
study population and measured parameters. Since the mus-
cle training device of this study was under intellectual 
protection of a patent, no relevant reports could be found 
on this method. The differences in the continuous variables 
were compared between the groups using the Mann-U 
Whitney test. The differences in the categorical variables 
were assessed with the Fisher’s exact test. The within- 
group measured outcomes were compared prior to and 
following the intervention using the Wilcoxon signed 
rank test. The statistical significance was denoted at 
P<0.05 and P<0.01.

Results
A total of 37 patients who underwent lower limb fracture 
or motor dysfunction were screened for the study, of which 
32 were eligible. A total of 16 out of the 32 patients were 
assigned to the NMT group, whereas 16 were assigned to 
the CRT group. A total of 6 patients in the NMT group and 
6 patients in the CRT group dropped out during the study. 
One person in the CRT group was excluded from the study 
due to discharge from the hospital within 7 days following 
surgery. One person withdrew from the study due to his 
condition, whereas one person was forced to withdraw 
from the study. The other three patients were excluded 
for personal reasons. Three patients from the NMT group 
were discharged from the hospital within 7 days following 
surgery and the other three persons chose to quit from the 
study due to financial reasons. The flow of the pilot study 
is shown in Figure 2. Following evaluation by the rehabi-
litation physician and the orthopaedic nurses on the 

first day after surgery, the NMT group was treated with 
the muscle training device and the conventional rehabilita-
tion training, while the CRT group received only conven-
tional rehabilitation training.

A total of 20 patients were divided into the NMT (3 
males, 7 females) and CRT groups (2 males, 8 females). 
Both groups included more females than males, which was 
similar to previously reported findings.22 The two groups 
were similar in terms of gender, age, height, weight, time 
of hospitalization, pain scores by VAS and Barthel scores 
(Table 1). It was worth noting that during the postoperative 
recovery period, 5 persons (50%) of the two groups 
received intermediate frequency electrical stimulation 
treatment by the rehabilitation physicians. No significant 
differences were noted in the demographic or baseline 
measures between groups. In addition, one patient in the 
CRT group was diagnosed with DVT (Deep Vein 
Thrombosis) on admission. No additional DVT cases 
were found in the two groups during the study. Foot drop 
and pressure ulcers did not occur in both groups during the 
study period (Table 2).

The HSS and VAS pain scores of the two groups were 
significantly improved on day 7 following surgery com-
pared to those noted in the CRT group. No significant 
differences were noted in the SAS, PSQI and Barthel 
scores between the NMT and the CRT groups (Table 3).

The NMT group indicated significant improvement in 
the HSS scores of the 7-day evaluations compared with the 
evaluation of the first day following surgery (Table 2). 
Both Barthel and pain scores were improved in each 
group following the intervention. The difference in the 
Barthel scores of both groups was statistically significant. 
Although the results of the pain scores showed improve-
ment following VAS assessment, the NMT group exhib-
ited significant differences compared with the CRT group 
(Table 4).

The improvement in the HSS scores was presented as 
box plots for each of the 7-day evaluations corresponding 
to each group (Figure 3). The evaluation on the function 
and ROM (Range of Motion) of the NMT group indicated 
significant improvement compared with that of the CRT 
group.

Discussion
The present study compared the occurrence of the CRT 
and the NMT groups on postoperative complications, 
such as foot drop and venous thrombosis. In addition, 
psychological anxiety, sleep quality, activities of daily 
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living, pain perception and knee joint movement were 
assessed in patients with two different interventions. We 
found that pain perception and knee joint movement were 
improved in the NMT group compared with the CRT 
group. Although several studies have been conducted on 
rehabilitation training with lower limb fracture, the pre-
sent study exhibited novel information, specifically, with 
regard to the clinical trial report of the product patent 
application. The present study provided important infor-
mation for the evaluation of the clinical application of the 
patent. In addition, as a pilot study of clinical trials, the 
present study followed the requirements of clinical trial 
implementation including patient recruitment, allocation, 
intervention and evaluation of parameters to ensure its 
feasibility. Therefore, the present data are unique in 
terms of assessing objective quantifications, as well as 
with regard to the novelty of the patent. Both groups 
indicated an improvement in the outcomes of the 

Barthel and pain scores as demonstrated by VAS, with 
significant differences noted on HSS scores in the NMT 
group. The results suggested that rehabilitation therapy 
treated with the novel muscle training device combined 
with conventional rehabilitation training for patients with 
lower limb fracture or motor dysfunction was better than 
single conventional rehabilitation training. No foot drop, 
pressure sores or DVT were noted in both groups within 7 
days following surgery. Only one patient was admitted to 
hospital with native DVT. The muscle training device 
used in the NMT group aimed to prevent the occurrence 
of foot drop, DVT and pressure ulcers caused by long- 
term bed rest and lack of physical exercise following 
surgery. According to previous studies, age is an impor-
tant risk factor for lower limb DVT in patients with 
fracture.23 The blood in the venous sinuses of the leg 
muscles requires the action of the muscle pump to effec-
tively achieve centripetal return. Venous insufficiency of 
the lower limbs or partial loss of the function of the 

Figure 2 Flow of the pilot study.
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venous pump requires effective lower limb exercise to 
improve venous return.24 A previous study has found 
that early ankle activity can reduce the risk of postopera-
tive thromboembolism.25 The muscle training device used 
in the present study was similar to the ankle pump, which 
aimed to promote venous return of the lower limbs, 
reduce blood stasis and improve blood circulation and 
edema. However, no significant differences were noted 

in the incidence of DVT between the different groups. 
This may be attributed to the small sample size and short 
research process, which may also explain why the foot 
drop and pressure sores were not noted in the two groups. 
It is necessary to increase the sample size and extend the 
time period of the study to confirm these results in the 
next trial.

No significant differences were noted in the SAS, PSQI 
and Barthel scores at the 7-day period following surgery, 
which was different from previously reported findings19 

(Table 3). Sleep is a cyclical process, which effectively 
improves the termination of the physiological awakening 
and the fatigue state of various tissues and organs.26 

Disease has a negative effect on human physiological 
function, which leads to the decrease in the sleep quality 
of patients. The decrease in the sleep quality will cause the 
patient’s physical health to deteriorate further. In addition, 
it will also have a negative impact on the patient’s psy-
chology, which makes patients prone to fatigue, anxiety 
and depression. As a result, it affects the treatment effect 
of the disease to reduce the quality of life and 
satisfaction.27 However, due to the short time of interven-
tion, the improvement of the sleep quality and mental state 
is limited. Therefore, it is necessary to further extend the 
time of experimental intervention.

The changes in the HSS and pain scores were com-
pared by VAS assessment between the different groups. 
Their scores indicated a significant difference in both 
groups. The HSS score of the NMT group was increased 
from 33.8±2.6 to 39.8±3.6 compared with that noted in the 
CRT group (increase of 32.8±5.0 to 36.23±2.9). The 

Table 3 Mean and Standard Deviation Between-Groups in the 
CRT Group and NMT Group

Measures 

(Means, SD)

Time 

(After 

Surgery)

NMT 

Group 

(N=10)

CRT 

Group 

(N=10)

P U

Barthel scores Day 1 21.5(7.84) 21.5(9.73) 0.697 44.5

Day 7 50.0(13.54) 49.0(9.37) 0.591 42.5

SAS scores Day 1 39.4(6.5) 41.4(7.8) 0.542 41.5

Day 7 40.0(6.9) 39.4(6.4) 0.762 45.5

PSQI scores Day 1 8.0(3.9) 6.9(4.1) 0.235 34.0

Day 7 6.7(1.1) 8.2(3.5) 0.817 46.5

HSS scores Day 1 33.8(2.6) 32.8(5.0) 0.909 48.0

Day 7 39.8(3.6) 36.2(2.9) 0.020* 19.0

Pain scores 

for VAS

Day 1 3.0(1.1) 3.5(1.0) 0.268 35.5

Day 7 1.5(0.5) 2.2(0.4) 0.009** 20.0

Notes: The first test was administered on the first day after surgery. The second test 
was administered on the seventh day after surgery. *Significant difference compared 
between-groups (p < 0.05). **Significant difference compared between-groups (p < 
0.01). Between-group comparisons were performed using the Mann–Whitney U-test. 
Abbreviations: NMT group, novel muscle training device group; CRT group, 
conventional rehabilitation training group; HSS scores, Hospital for Special 
Surgery knee score; Pain scores for VAS, Pain scores for the Visual Analogue 
Scale; SAS, Zung self-rating anxiety scale; PSQI, Pittsburgh sleep quality index; 
Barthel scores, Barthel Index score.

Table 4 Mean and Quartile Within-Groups in the CRT Group 
and NMT Group

Measures 

Median(Q1,Q3)

Within-Group Change Score from Baseline

NMT CRT

Difference P Difference P

SAS scores 1(−6.8,5.8) 0.919 0(−4,3.5) 0.919

PSQI scores 0(−6.3,1.3) 0.538 1(−0.8,4.3) 0.232

HSS scores 5.5(2,9.5) 0.009** 3(−2.5,9.3) 0.154

Pain scores for VAS −1(−2.3,−1) 0.008** −1(−2,-0.8) 0.013*

Barthel scores 30(17.5,38.8) 0.008** 25(18.8,36.3) 0.006**

Notes: *p < 0.05 compared with baseline using the Wilcoxon signed-rank test. **p 
< 0.01 compared with baseline using the Wilcoxon signed-rank test. 
Abbreviations: NMT group, novel muscle training device group; CRT group, 
conventional rehabilitation training group; HSS score, Hospital for Special Surgery 
knee score; Pain scores for VAS, Pain scores for the Visual Analogue Scale; SAS, 
Zung self-rating anxiety scale; PSQI, Pittsburgh sleep quality index; Barthel scores, 
Barthel Index score.

Table 2 The Incidence of Postoperative Complications

Nursing Issue 
(Number)

Test NMT Group 
(N=10)

CRT Group 
(N=10)

Foot drop 1 None None
2
3

DVT 1 None 1
2

3

Pressure sores 1 None None

2
3

Notes: The first test was administered at the date of recruitment. The second test 
was administered on the first day after surgery. The third test was administered on 
the seventh day after surgery. 
Abbreviations: NMT group, novel muscle training device group; CRT group, 
conventional rehabilitation training group.
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difference was statistically significant (Table 3). In addi-
tion, the pain following surgery was significantly relieved 
in the rehabilitation activities. Compared with the CRT 
group, the NMT group exhibited a significant difference 
in pain perception seven days following surgery. This 
finding supports our hypothesis, which suggests that the 
muscle training device combined with conventional reha-
bilitation training is more effective than rehabilitation 
training alone.

We conducted statistical analysis of within-group dif-
ferences and found that the Barthel scores were signifi-
cantly improved in both groups seven days after surgery 
(Table 4). The pain scores assessed by VAS in the NMT 
group were significantly improved than those in the CRT 
group (Table 4). The Barthel score in the NMT group did 
not improve compared with that in the CRT group, which 
indicated that this muscle training device did not exhibit 
advantages in daily living activities in a short time com-
pared with the conventional rehabilitation training method. 
Pain is the most obvious stressor following fracture sur-
gery. According to Vilmarsson, the sympathetic reflex 
caused by the painful stimulation after surgery leads to 
constriction of blood vessels and muscles, which results in 
insufficient blood supply to the incision and ultimately 
delays wound healing and increases the chance of 

infection.28 Johal et al demonstrated that 10–50% of 
patients with root bone fractures exhibited incision infec-
tions, nonunion of marginal flaps and necrosis.29 

Therefore, pain relief for patients with lower limb fracture 
is of great significance for promoting wound healing and 
preventing infection. In addition, early postoperative reha-
bilitation exercises can aid the improvement of the blood 
and lymph circulation and reduce limb swelling and pain 
perception.30,31 Previously, Kronborg et al32 reported that 
it was feasible to initiate progressive knee straighter 
strength training for fractured limbs in acute wards, 
which could reduce force asymmetry between limbs with-
out increasing hip pain. In the present study, the muscle 
training device was used to achieve muscle relaxation 
mainly through repeated contractions and relaxation. 
Concomitantly, it diverted the patient’s attention so that 
the body and mind were relaxed. Certain rehabilitation 
physicians and orthopedic nurses were present to provide 
fixed supervision and guidance exercise, which aimed to 
improve the mood of the patients with a sense of trust. 
This resulted in their willingness to carry out rehabilitation 
training. The regular guidance of the rehabilitation team 
could aid the patients understand the importance of reha-
bilitation exercise and assist them in learning additional 
rehabilitation knowledge so that they could participate in 

Figure 3 The improvement of components presented as box plots at each of the evaluations for the NMT group and CRT group. 
Notes: *Significant difference compared between-groups (p < 0.05). **Significant difference compared between-groups (p < 0.01). Between-group comparisons were 
performed using the Mann–Whitney U-test. 
Abbreviations: NMT group, novel muscle training device group; CRT group, conventional rehabilitation training group; ROM, range of motion; scores, Barthel Index score.
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the early training more autonomously. A previous study 
has shown that the patient understanding of the importance 
of rehabilitation training may increase his/her compliance 
rate even when the medical staff is absent.33 In the present 
study, the patients in the NMT group used the remaining 
of the time to exercise autonomously in addition to the 
fixed time of supervised exercise time. This aided the 
reduction of the postoperative pain, which could in turn 
improve compliance with rehabilitation exercises. The two 
processes can interact with each other.

The results demonstrated that the HSS score in the NMT 
group was improved, while that of the CRT group indicated no 
significant differences compared with that noted at baseline 
(Table 4). The analysis on the components of the HSS scores 
indicated significant differences in function and ROM. 
Notably, ROM indicated significant improvement (P<0.01). 
Significant differences were not found in the parameters knee 
joint pain, muscle, contracture and stability between the two 
groups (Figure 3). It is believed that intense functional exer-
cises require two weeks following hip and knee replacement, 
which results in skeletal muscle weakness.34 Recent studies 
have shown that early postoperative hip and knee joint exer-
cises should be carried out with proper intensity. The muscle 
training device used in this study forced the muscles to move 
around the ankle joint by means of equipment exercise and 
gradually restored the muscle strength through the ankle flex-
ion and dorsiflexion exercises. Moreover, it enhanced the 
lower limb circulation and lymph reflux. The active foot 
flexion and dorsiflexion exercises performed by the ankle 
joint strengthened the stability and coordination of the muscles 
and ligaments. Thereby, they increased the range of the knee 
joint and the recovery function of the lower limbs.35 The range 
of the knee joint and the strength of the surrounding muscles 
are increased through progressive resistance exercises and 
long-term continuous stretching of the joint muscle. These 
exercises can prevent contracture adhesion, maintain the 
range of joint motion, gradually improve the stability and 
prevent the formation of DVT in the lower limbs.

The limitations of the present study are the small sample 
size and short assessment period. In addition, the natural 
recovery process of each individual is independent of rehabi-
litation training. All patients were not followed up in this pilot 
study and the assessment of their effects can be further inves-
tigated in future clinical trials. There may be intra-day and 
inter-day deviations in the measurement of the parameters 
evaluated, which limits the consistency of the results. 
Finally, it was unsuitable to blind the participants due to the 
nature of the intervention.

Conclusion
The results of the present study indicated no significant 
statistical differences on multiple indices between the two 
groups examined. However, the data demonstrated that the 
novel muscle training device positively influenced the 
decrease of pain, reaching a range increase of knee joint 
movement, which could be further improved from the 
analysis of the differences noted in the HSS and VAS 
pain scores between the different groups.
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