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Abstract 

Purpose: To evaluate the therapeutic effect of teriparatide in combination with low-frequency pulsed 
electromagnetic field in the management of hip fracture.  
Methods: Patients with hip fracture internal fixation and under conventional postoperative basic 
adjuvant therapy were compared with those patients who received teriparatide combined with low 
frequency pulsed electromagnetic field after operation. The content of Bone-Specific Alkaline 
Phosphatase (BALP), type I Procollagen Carboxy Terminal Propeptide (PICP), serum bone glaprotein 
(BGP), Ca2+, hip function and degree of bone scab formation were evaluated using Harris score and 
Fernadez-esteve scoring system. Kaplan-Meier survival curve was plotted to analyze differences in 
short-term prognosis of different postoperative adjuvant treatment measures.  
Results: Harris score of the hip joint and the effect of bone formation in the experimental group were 
higher than that of the control group. The blood levels of BGP, BALP, PICP and serum Ca2+ in the 
experimental group were higher than that of the control group (p < 0.05). The plotted Kaplan-Meier 
survival curve indicates that the prognosis of the experimental group was better than that of control 
group (p < 0.05).  
Conclusion: The adjuvant therapy of teriparatide combined with low-frequency pulsed electromagnetic 
field can improve the recovery function and enhance the prognosis of patients who underwent hip 
fracture surgery. 
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INTRODUCTION 
 
Hip joint is the important joint in the body that 
supports the body weight when there is a 
movement. In case of an accident or a fall, hip 
joint is prone to different fractures including 
acetabular fractures and intertrochanteric 
fracture. Based on the magnitude of the fracture 
or impact, the movement of hip joint becomes 

limited and exhibits symptoms, for instance, pain 
[1-3]. The anatomical position of the hip joint is 
deep and internal fixation is generally used to 
treat it [4,5]. Despite the effective treatment of 
internal fixation, some patients still suffer from 
postoperative loosening and poor fracture 
healing [2,6]. So, anti-osteoporotic drugs can be 
used together with the usual regimen for patients 
who underwent hip joint surgery. This is to 
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ensure that it further improves the effect of hip 
joint internal fixation surgery.  
 
Tripathin is a synthetic parathyroid hormone 
analogue which is used by physicians for a long 
time in practical clinical applications to improve 
the symptoms of osteoporosis patients so as to 
mitigate the risks of fractures [7,8]. Recent 
studies concluded that the treatment with 
Teriparatide, after vertebroplasty, improved the 
effect of fracture healing and bone density in 
patients with osteoporosis [9]. Low-frequency 
pulsed electromagnetic field can accelerate the 
growth of osteoblasts while it can decelerate the 
maturing ability of osteoblasts through indirect 
effect in in vitro magnetic field. This, in turn, 
promotes the growth of callus at the fracture site 
and assists in its healing [10,11]. However, the 
studies focusing the adjuvant therapeutic effect 
of teriparatide combined with low-frequency 
pulsed electromagnetic field in patients with hip 
fractures were either negligible or not conducted 
at all. Therefore, in order to understand its 
therapeutic effect, the current study applied 
teriparatide, in combination with low-frequency 
pulsed electromagnetic field, during 
postoperative adjuvant treatment of hip fracture. 
Further, the study also evaluated the practical 
application through the data obtained from 
postoperative hip function observations, bone 
metabolism and biochemical indexes. 
 
METHODS 
 
General clinical profile of patients 
 
A total of 148 patients, with hip fracture, treated 
in the Department of Orthopedics, Tianjin 
Hospital, Tianjin, was studied. The study period 
was from January 2018 to January 2019 and the 
patients had an average age of 54.63 ± 10.86 
years. After the surgery, the patients were 
divided into control group (n = 65) and 
experimental group (n = 83) following auxiliary 
fracture healing method. The experimental group 
was treated with routine postoperative treatment 
and additional auxiliary treatment i.e., teriparatide 
added in the treatment regimen in combination 
with low-frequency pulsed electromagnetic field. 
The inclusion criteria for the study were (1) 
Confirmed hip fracture patients as per practical 
osteology and established by X-ray and other 
imaging results and clinical symptoms [12]; (2) 
Those patients who underwent internal fixation in 
the study hospital within 24 h after hip fracture 
and (3) patients without any diagnosed mental 
disorder were included in the study. The 
exclusion criteria for the study were (1) long-term 
usage of hormones for treatment due to other 
diseases; (2) patients suffering from severe 

endocrine system disorders such as T1D, T2D, 
Thyroid, Osteoporosis etc at the time of 
treatment and (3) patients with hypersensitivity 
towards teriparatide. Ethical approval for the 
study was given by the institutional ethical review 
board (approval no. Qiang/2019/01) of Tianjin 
Hospital, Tianjin 300211, China. All the patients 
and their families were informed about the study 
purpose and obtained the informed consent. All 
the procedures, performed in this study, were in 
accordance with Helsinki declaration (1964) and 
its comparable ethical standards [13]. 
 
Postoperative adjuvant therapy 
 
The control group received conventional 
postoperative auxiliary treatment measures as 
mentioned below. After internal fixation, the 
control group patients received anti-
inflammatory, detumescence treatment and 
subcutaneous injection of Wanmaishu (National 
drug approval board H20063910, Beishanshan 
Biochemical Pharmaceutical co., LTD.). This is to 
prevent the formation of deep venous thrombosis 
in lower limbs caused by limited physical 
movements in bed during post-surgery period.  
At the time of recovery, calcium and vitamin D 
were given orally to promote the healing of 
fracture and restorative exercise was started 
immediately after 2-3 days of surgery. Based on 
the progress observed in fracture healing during 
the post-treatment processes, the patient was 
encouraged to walk by themselves and lift heavy 
weights on a case-by-case condition. 
 
In the experimental group, the following regimen 
was followed in parallel to the control group 
measures. Alike conventional anti-inflammatory 
and anti-dvt treatment, the patients were 
supplemented with calcium and vitamin D to 
promote healing at fracture site. In addition to 
these, 20 g of teriparatide (S20150025, Lilly) was 
administered subcutaneously every day for three 
months. An electromagnetic field therapeutic 
instrument (BG100S, Beijing huayang limin) was 
used for auxiliary treatment at the fracture site. 
The parameters followed for the treatment were 
magnetic field intensity of 20 - 30gs, pulse 
frequency between 9-12 Hz, and the average 
treatment time was about 45 mins. In the 1st and 
2nd month after the operation, the patients were 
treated once a day. During 3rd and 4th month, the 
patients were treated once in two days and 
during 5th and 6th month, the frequency changed 
to once in three days. 
 
Determination of surgical efficacy indices 
 
The Harris score of joint function was obtained 
before treatment and three months after the 
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surgery. The score is inclusive of the following 
aspects: (1) pain, (2) performing day-to-day 
activities and (3) the range of motion of the joint. 
The total score is 100 points and the score is 
directly proportional to the degree of recovery of 
hip joint function. 
 
Fasting blood was collected from the patients 
before treatment and three months after surgery. 
The serum calcium level in the blood of both the 
groups was analyzed using automatic blood 
biochemical analyzer (7870, Hitachi). ELISA kit 
(ym-s0838, Shanghai yuanmu; Ym-s09658, 
Shanghai yuanmu) was used to detect the 
gamma-Carboxyglutamic acid-containing protein 
of bone (BGP), procollagen I carboxyterminal 
propeptide (PICP) and serum bone alkaline 
phosphatase (BALP) in serum. 
 
X-rays were taken after three months of surgery. 
Fernadez - esteve rating score was used to study 
the impact of callus formation. The scores and 
the relevant interpretation are as follows; Ⅰ: no 
radiology callus formation. Ⅱ: cloudy callus near 
fracture end; Ⅲ: X-ray indicates the callus 
formation on the right side of the fracture; Ⅳ: 
formation of callus is openly visible in X-ray 
image on both sides of the fracture; Ⅴ: an 
obvious structural callus. 
 
Postoperative follow-up 
 
The patients were followed up for one year after 
the operation during when they attended 
outpatient clinic for follow-up assessment. In this 
study, endpoint events were defined. The 
adverse prognosis was identified during follow-up 
which included: fracture nonunion, loosely-bound 
internal fixation, hip varus, reoccurrence of 
fractures and other complications that seriously 
affect the hip joint function. Deletion was defined 

as the loss of follow-up or death of the patient 
under study. 
 
Statistical analysis 
 
The rate of adoption for the experiment was 
expressed in (%) while the measurement data 
conforming to the normal distribution was 
expressed as mean ± standard deviation. Two 
independent sample t-tests and chi-square tests 
were used to compare the differences in clinical 
data and Harris score between control and 
experimental groups. Wilcoxon rank-sum test 
was used to compare the difference in Fernadez-
esteve rating between the groups. The t-test of 
the two independent samples was also used to 
compare the differences between the groups in 
serum calcium ion water equality serum index. 
Finally, Kaplan-Meier survival curve was plotted 
to analyze the differences in the prognosis of 
different postoperative adjuvant treatment 
measures, and log-rank analysis was conducted. 
All the statistical analyses were conducted using 
Prism, and P < 0.05 was considered to be 
statistically significant. 
 
RESULTS 
 
General clinical profile of the patients 
 
The general clinical profile of the two study 
groups are shown in Table 1, and the results 
showed that there was no significant statistical 
difference in the general clinical data of the two 
groups (p < 0.05). 
 
Hip joint function and callus formation after 
surgery 
 
Harris scores of the patients for both the groups 
were recorded as shown in Table 2. 
 

 
Table 1: General clinical profile of the patients 
 
Group Control Study Statistics P-value 

Group (n=65) Group (n=83) 
1. Gender (male/female) 45/20 62/22 0.382 0.538 
2. Age 56.83±10.64 53.61±12.09 1.746 0.083 
3. BMI index (kg/m2) 23.63±4.08 24.01±3.18 -0.636 0.525 
4. Cause of fracture (case) 

    

a. The traffic accident 24（36.92%） 32（38.55%） 0.271 0.847 
b. Falling from high 5（7.69%） 8（9.64%） 
c. Falling 36（55.39%） 43（51.81%） 
5. Fracture type (case)  

 

a. Femoral neck fracture 34（52.31%） 44（53.01%） 0.046 0.977 

b. Intertrochanteric fracture 12（18.46%） 16（19.28%） 

c. Bottom of femoral neck to lower 
trochanter 

19（29.23%） 23（27.71%） 

 



Sun et al 

Trop J Pharm Res, October 2020; 19(10): 2230 
 

There was no significant statistical difference 
found in the preoperative Harris score between 
the groups (p > 0.05). However, the experimental 
group yielded significantly higher values than the 
control group at the 3rd month of treatment (p < 
0.05). The accumulation of callus formation in 
both the groups is shown in Figure 1. Wilcoxon 
rank-sum test showed that the callus formation in 
the fracture site, of the experimental group, was 
superior to that of the control group (p < 0.05). 
 

 
 
Figure 1: Ratings of Fernade-esteve 
 
Serum biochemical indices 
 
Serum biochemical indices for both the groups 
related to bone growth are shown in Table 3. 
Three months after treatment, the blood levels of 
BGP, BALP and PICP in both control group and 
the experimental group were found to be higher 
than the corresponding serum factor levels 
before treatment. The three serological indices in 
the experimental group were found to be higher 

than the control group (p < 0.05). Figure 2 shows 
the blood Ca2+ concentration in both the groups. 
After 2nd and 3rd month of treatment, the blood 
Ca2+ concentration in the experimental group was 
found to be higher than that of the control group 
(p < 0.05). 
 

 
 
Figure 2: Variation curves of blood Ca2- Concentration 
in the two group (**p<0.001 compared with control 
group, ***p<0.001, ns- statistically not significant) 
 
Survival curve analysis 
 
Figure 3 shows the postoperative situation of two 
groups of patients. The researchers ensured that 
there was no loss in the postoperative follow-up 
of the patients. 

 
          Table 2: Comparison of Harris scores 
 

Group Before study After 3 months T P-value 
Observation (n=65) 54.08±6.83 82.63±11.23 13.99 0.00 
Control (n=83) 56.83±10.64 74.09±7.43 10.75 0.00 
T -1.811 5.55   
P-value 0.072 0.00   

 
Table 3: Bone biochemical related serum levels in the patients 
 
Variable Before After 3 months t P-value 

BGP(µg/L) 
Study (n=65) 8.13±0.83 32.63±5.54 -35.121 0.000 

Control (n=83) 7.91±0.76 24.08±7.43 -17.454 0.000 
T 

 
1.678 7.751 

 
P-value 0.095 0.000 

BALP(U/L) 
Observation 

(n=65) 
75.13±8.27 165.63±21.09 -38.063 0.000 

Control (n=83) 73.62±9.42 144.35±18.07 -27.066 0.000 
T 

 
1.689 6.689 

 
P-value 0.093 0.000 

PICP(µg/L) 
(n=65) 135.98±20.14 215.63±16.65 -24.298 0.000 
(n=83) 139.08±19.08 184.53±23.06 -12.239 0.000 

T 
 

-0.957 9.163 
 

P-value 0.34 0.000 
Gamma-Carboxyglutamic acid-containing protein of bone (BGP), procollagen I carboxyterminal propeptide 
(PICP) and serum bone alkaline phosphatase (BALP) 
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In the experimental group, the number of patients 
with internal fixation device loosening were 4 
while with recurrent fractures, it was 3. The 
number of patients in the control group was 6 
and 7 for the respective follow-ups i.e., internal 
fixation device loosening and recurrent fractures, 
respectively. The log-rank test results indicated 
that the surgical prognosis of the experimental 
group was better compared to control group (p < 
0.05). 
 

 
 
Figure 3: Effect of the surgical treatment on fracture  
 
DISCUSSION 
 
Osteoporosis and aging are high risk factors for 
hip fracture. So there is a wide range of 
difference observed in the proportion of hip 
fracture among different countries [14,15]. 
Although internal fixation treatment for fractures 
yielded satisfactory results in the past, some 
patients faced loose internal fixation devices, 
recurrent fractures and other phenomena, 
resulting in poor postoperative results. In the 
study, the authors administered teriparatide with 
a combination of low-frequency pulsed 
electromagnetic field treatment to heal the hip 
fracture after surgery. According to the results, it 
was found that teriparatide improved the 
therapeutic effect of hip joint surgery compared 
to the traditional method of supplementing 
calcium and vitamins after surgery. 
 
Human parathyroid hormone is an important 
hormone secreted by parathyroid cells. This 
hormone can increase the concentration of Ca2+ 
in the blood by reabsorbing it in kidney and 
intestine. It also accelerates the excretion of 
phosphate through kidney, thereby increasing 
the density of the bone tissue in human body and 
promoting the healing at the fracture site [16,17] 
Tripathin is a synthetic recombinant human 
parathyroid hormone analogue which can enact 
the role of human parathyroid hormone when 
subcutaneously injected in patients with 
fractures. It can stimulate postoperative healing 
in patients with fractures [18]. In previous 
studies, Sugie et al found that teriparatide was 
superior to other drugs such as zoledronic acid in 
postoperative adjuvant treatment of fracture 
patients. Further, it was also found that it 
significantly improved the bone mineral density in 

patients [20]. When thoracolumbar fracture 
patients were treated with teriparatide, a similar 
therapeutic effect was achieved [9,12]. 
 
In this study, 20 g of teriparatide was 
administered subcutaneously every day for three 
months after internal fixation of hip fracture. 
When compared with conventional treatment, 
teriparatide significantly increased the 
concentration of Ca2+ among patients in the 
experimental group. This further improved the 
Harris score and callus forming ability of patients 
after surgery, which showed good application 
value. Since there may exist a certain proportion 
of osteoporotic patients among the older subjects 
in the study, the use of teriparatide after surgery 
tend to promote the healing of fracture ends 
while at the same time, it can also mitigate the 
symptoms of osteoporosis by increasing the 
concentration of Ca2+. However, it should be 
noted that the presence of excessive Ca2+ in the 
body may also leads to side effects, for instance, 
fatigue. So, prior to treatment regimen, both 
dosage and time should be checked. Further the 
blood Ca2+ concentration of patients should be 
dynamically monitored whenever necessary so 
as to obtain the best therapeutic effect. 
 
One of the components of physical auxiliary 
treatment method is low frequency-pulsed 
electromagnetic field. The frequency as well as 
the specific intensity of the electromagnetic field 
are able to provide therapeutic effect directly on 
the osteoblasts of the fracture site. Both BGP 
[12] as well as BALP [13,14] are secreted by 
mature osteoblasts. PICP is an important 
collagen in bone tissue which can reflect the 
activity of osteoblasts. These serum indicators 
are related to osteoblasts [15,16]. Few studies 
inferred that low-frequency electromagnetic fields 
tend to inhibit the growth of osteoclasts in 
fracture sites, reduce their bone-dissolving 
function and locally accelerate the blood flow to 
fracture site. These effects reduce the symptoms 
such as edema and hyperemia after fracture and 
significantly improve the prognosis [10,11,18]. In 
this study, it was found that when low-frequency 
pulsed electromagnetic field was applied, the 
levels of BGP, BALP and PICP in patients 
undergoing hip joint surgery were higher than 
that of the control group. This phenomenon infers 
that the magnetic field-assisted treatment 
accelerates the maturation of osteoblasts and 
promotes their osteogenic function. 
 
Limitations of the study 
 
Some of the limitations of the study are listed 
herewith. First, only a few studies conducted 
earlier followed the same methodology alike the 
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current study. Otherwise, the sample size of the 
studies referred for this paper was small yet 
contained different criteria for groups. The 
current study combined these groups together 
because the effect of teriparatide was studied in 
a broad sense and not compared with a 
particular medication. Finally, though we adopted 
the proven methods to analyze the comparative 
data, a detailed and comprehensive analysis was 
restricted. 
 
CONCLUSION 
 
Teriparatide, when combined with low-frequency 
pulsed electromagnetic field, improves hip 
function and prognosis after hip fracture. Kaplan-
meier survival curve further confirmed that the 
adjuvant therapy of teriparatide in combination 
with low-frequency pulsed electromagnetic field 
can reduce risks such as recurrence of fracture 
and loosening of internal fixation among 
postoperative patients. 
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