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Abstract 

Purpose: To study the effect of total hip arthroplasty (THA) combined with alendronate sodium for the 
treatment of geriatric patients with femoral neck fracture (FNF). 
Methods: A retrospective analysis was conducted on 100 geriatric patients with FNF treated at 
Heilongjiang Provincial Hospital, Harbin, China from August 2020 to August 2022. The patients were 
divided into control (n = 45) and study groups (n = 55). Control group received THA, while the study 
group received THA plus oral alendronate sodium (10 mg daily for three months). Bone mineral density 
(BMD), tartrate-resistant acid phosphatase (TRAP), serum osteosclerosis (SOST) and insulin-like 
growth factor 1 (IGF-1) levels were compared between groups before and 3 months after treatment. 
Results: Study group exhibited significantly higher total effective rate compared to control group (p < 
0.05). After treatment, the study group exhibited significantly increased BMD and IGF-1 levels and 
decreased SOST and TRAP levels compared to control group (p < 0.05). Both groups showed 
significant changes in SOST and IGF-1 levels, with a decrease in SOST and an increase in IGF-1 (p < 
0.05). Furthermore, the study group demonstrated significant increase in BMD but a decrease in TRAP 
level after treatment (p < 0.05). 
Conclusion: The combination of THA and alendronate sodium significantly enhances BMD and 
promotes healing in geriatric patients with FNF. Additional studies should address the challenge of small 
sample size to improve reliability and generalizability of these findings. 
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INTRODUCTION 
 

A femoral neck fracture (FNF) is a common 
fracture type, predominantly affecting middle-
aged and elderly individuals especially those with 
osteoporosis. Osteoporosis, a condition marked 
by reduced bone density and increased fracture 
susceptibility, significantly contributes to the risk 

of FNF. While FNFs constitute only 3 % of all 
fractures, they account for over 40 % of all hip 
fractures [1]. Annually, approximately 1.6 million 
individuals worldwide experience hip fractures 
annually, with over 800,000 cases in the U.S. 
among those aged 65 or older, indicating an age-
related increase in incidence [2]. In China, hip 
fracture incidence has declined in those aged 65 
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and above, but it remained stable in younger 
groups, with a fourfold rise in total hip fractures 
among those aged 55 and above [3]. 
 
At present, FNFs are treated either 
conservatively or surgically. Total hip arthroplasty 
(THA), is a commonly performed surgical 
procedure for severe hip injuries, including FNF. 
However, its efficacy may be compromised in 
osteoporotic geriatric patients due to weakened 
bone structure. Alendronate sodium binds to 
bone inhibits bone resorption and stimulates new 
bone formation, thus ameliorating osteoporosis 
symptoms and reducing fracture risks [4]. 
Therefore, this study was aimed at investigating 
the effectiveness of combining THA and 
alendronate sodium for treating FNF in geriatric 
patients to provide relevant treatment 
information. 
 

METHODS 
 
Patient data 
 
A retrospective analysis was conducted on 100 
geriatric patients with FNF treated at 
Heilongjiang Provincial Hospital, Harbin, China 
from August 2020 to August 2022. Patients were 
divided into control (n = 45) and study groups (n 
= 55). Control group received THA, while the 
study group received THA plus oral alendronate 
sodium (10 mg daily for three months). Ethical 
approval was obtained from the Medical Ethics 
Committee of Heilongjiang Provincial Hospital 
(approval no. SYYLLBA202377) and conducted 
in accordance with the guidelines of Helsinki 
Declaration [5]. 
 
Inclusion criteria 
 
Patients diagnosed with FNF using imaging 
techniques [6], 55 years or older, patients with a 
clear history of trauma suitable for THA and 
willing to undergo surgery as well as detailed 
medical records. 
 
Exclusion criteria 
 
Patients with pathological fractures or non-FNF 
types, osteoarthritis, contraindications for 
surgery, drug allergies relevant to this study, 
bone metabolism affecting medication use within 
6 months, poor treatment compliance, significant 
cardiac, hepatic, or renal impairments, and 
psychiatric disorders. 
 
Therapeutic protocols  
 
In both groups, patients underwent THA after 
preoperative examination. Under general 

anesthesia, the patients were positioned laterally. 
The modified Hardinge approach was employed 
to expose the femoral neck [7]. The surgical 
procedure involved sequential incision through 
tissue layers, removal of the femoral head, and 
femoral neck truncation 1.5 cm above the head 
to expose the acetabulum [8]. 
 
After acetabular exposure and osteophyte 
removal, the true acetabular margin was 
identified. Acetabular reaming and polishing were 
followed by the selection and fitting of the 
acetabular prosthesis and metal cup to the 
correct angle. The metal socket cup was 
implanted, and the femoral stem was prepared 
and inserted after reaming. Post-implantation, hip 
joint reduction was checked for stability and 
range of motion. The surgical site was then 
irrigated, a drainage tube inserted, and the 
incision closed in layers. Postoperative 
management included antibiotics for 24 h and 
analgesics for three days [9]. After surgery, 
control group received calcium carbonate and 
vitamin D3 (600 mg/tablet, Wyeth 
Pharmaceutical Co., LTD., SFDA approval no. 
H10950029) plus calcium twice daily for 3 
months. 
 
Study group received alendronate sodium (10 
mg/tablet, Shijiazhuang Pharma Group Ouyi 
Pharmaceutical Co., Ltd., SFDA approval no. 
H10980109) once daily for 3 months in addition 
to the regimen of the control group. 
 
Evaluation of parameters/indices 

 
Bone mineral density and tartrate-resistant 
acid phosphatase 
 
Blood samples (5 mL) were collected from 
fasting participants before treatment and three 
months after treatment, centrifuged at 3500 rpm 
for 10 min, and the supernatant was stored in a 
refrigerator for analysis. Bone mineral density 
(BMD) of the femur and tartrate-resistant acid 
phosphatase (TRAP) levels were measured by a 
CM-200 bone density meter (Furuno) and an 
Infinete M200 multifunctional enzyme marker 
(TECAN) [10]. Changes in BMD and TRAP levels 
were compared between study and control 
groups before and after treatment. 
 
Serum osteosclerosis and Immunoglobulin 
levels 
 
Serum osteosclerosis (SOST) levels were 
determined by an immunomagnetic bead flow 
cytometry assay [11] while insulin-like growth 
factor 1 (IGF-1) levels were determined using 
enzyme-linked immunosorbent assay [12]. The 
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SOST and IGF-1 levels were compared between 
study and control groups before and after three 
months of treatment using data from the 
biomarker analysis. Adverse effects and 
complications after treatment were monitored 
and compared between the groups. 
 
Harris hip score 
 
After 3 months of treatment, patient outcomes 
were assessed using the Harris hip score 
focusing on joint motion, function, and pain. 
Scores were classified as follows excellent (≥ 
90), good (80 – 89), fair (70 – 79), and poor (≤ 
70) [13]. Total effective rate (TR) was calculated 
using Eq 1. 
 
TR = {(ME+E)/N)}100 ……………….. (1) 
 
Where ME is markedly effective, E is effective 
and N is total number of cases. 
 
Statistical analysis 
 
Data were visualized using GraphPad Prism 8 
(GraphPad Software, San Diego, CA, USA) and 
analyzed with SPSS 20.0 (SPSS Inc., Chicago, 
IL, USA). Categorical data were presented as 
percentages (%) and analyzed using chi-squared 

test (2). Continuous data following normal 
distribution were examined using t-test. Paired t-
test was used to compare differences within a 

group, while inter-group differences were 
compared using independent sample t-tests. P < 
0.05 was considered statistically significant. 
 

RESULTS 
 
Baseline data 
 
There was no significant difference in gender, 
fracture site, age, Garden’s classification, nation, 
body mass index and place of residence 
between the two groups (p > 0.05; Table 1). 
 
Efficacy 
 
Study group demonstrated a significantly higher 
total efficacy rate compared to control group (p < 
0.05; Table 2). 
 
SOST and IGF-1 levels 
 
Before treatment, there was no significant 
difference in SOST and IGF-1 levels in both 
groups (p > 0.05). However, after treatment, 
study group showed a significant decrease in 
SOST and an increase in IGF-1 levels compared 
to control group (p < 0.05). Both groups 
experienced a significant decrease in SOST and 
an increase in IGF-1 levels after treatment (p < 
0.05; Figure 1). 

 
   Table 1: Comparison of baseline data 

 

Parameter Property Control 
(n = 45) 

Study 
(n = 55) 

2 P-value 

Age (years) ≤65 26 22  
3.134 

 
0.077  >65 19 33 

Gender Male 19 25  
0.105 

 
0.746  Female 26 30 

body mass index (kg/m2) ≤21 20 24  
0.007 

 
0.936  >21 25 31 

Fracture site Left hip 18 24  
0.134 

 
0.714  Right hip 27 31 

Garden’s classification Type III 29 34  
0.073 

 
0.787  Type IV 16 21 

Nation Han 34 43  
0.964 

 
0.756  Minority 

nationality 
11 12 

Place of residence City 28 33  
0.051 

 
0.821  Rural 17 22 

 
        Table 2: Comparison of efficacy 
 

Group Excellent Good Fair Poor Total effective rate 

Control (n = 45) 6(13.33) 23(51.11) 10(22.22) 6(13.33) 29(64.44) 
Study (n = 55) 12(21.82) 37(67.27) 6(10.91) 0 49(89.09) 

2     8.761 

P-value     0.003 
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Figure 1: SOST and IGF-1 levels. (A) Changes in SOST level (B) Changes in serum IGF-1 level. ***P < 0.001, 
****p < 0.0001. Key: SOST (osteosclerosis), IGF-1 (insulin-like growth factor 1) 
 

 
 
Figure 2: Serum BMD and TRAP levels. (A) Changes in BMD level (B) Changes in TRAP level. **P < 0.01, ***p 
< 0.001, ****p < 0.0001. Key: BMD (Bone mineral density), TRAP (tartrate-resistant acid phosphatase) 
 

Serum BMD and TRAP levels 
 
Before treatment, BMD and serum TRAP levels 
did not differ significantly between groups (p > 
0.05). After treatment, study group displayed 
significant increase in BMD and decrease in 
TRAP levels compared to control group (p < 
0.05). Intra-group analysis revealed significant 
BMD increase in study group and decrease in 
control group while TRAP levels decreased 
significantly in both groups after treatment (p < 
0.05; Figure 2). 

 
Incidence of adverse effects and 
complications 
 
Adverse effects occurred in 4.44 % of control 
group and 7.27 % of study group (Table 3) while 
complications were reported for 11.11 % in 
control group and 3.64 % in study group (Table 
4). These differences were not statistically 
significant (p > 0.05). 
 

 
      Table 3: Incidence of adverse effects 
 

Group Fever Nausea Gastrointestinal 
reaction 

Rash Total adverse 
events 

Control (n = 45) 0 1(2.22) 1(2.22) 0 2(4.44) 

Study (n = 55) 0 1(1.82) 2(3.64) 0 4(7.27) 

2     0.351 

P-value     0.554 
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Table 4: Comparison of complications 
 

Group Displacement 
of fracture 

Prosthesis 
loosening 

Lower extremity deep 
vein thrombosis 

Prosthesis 
dislocation 

Total incidence 
rate 

Control 
(n=45) 

1(2.22) 2(4.44) 0 2(4.44) 5(11.11) 

Study 
(n=55) 

0 1(1.82) 0 
 

1(1.82) 2(3.64) 

2     2.124 

P-value     0.145 

 

DISCUSSION 
 
Osteoporosis, characterized by low bone mass 
and compromised microstructure of bone tissue, 
significantly increases bone fragility and fracture 
risk, particularly in geriatric individuals, impacting 
quality of life [14]. Femoral neck fractures (FNF), 
common in osteoporotic patients, are prone to 
occur due to weakened structures of the bone, 
leading to severe pain and mobility restrictions 
[15]. Such fractures result in complications like 
pressure ulcers, nonunion, avascular necrosis, 
urinary infections, malunion, pulmonary 
embolism, joint stiffness, deep vein thrombosis, 
and muscle weakness. Therefore, prevention 
and early treatment of FNF are crucial. Total hip 
arthroplasty (THA) is a commonly used surgical 
method that replaces a damaged or fractured hip 
with an artificial joint, often made of metal and 
plastic, to restore function and relieve pain [16].  
 
Evidence supports the efficacy of THA in 
alleviating symptoms and enhancing limb 
function in patients with traumatic arthritis post-
acetabular fracture [17]. However, THA involves 
risks like post-operative infections, thrombosis, 
osteolysis, aseptic prosthesis loosening, and 
peri-prosthetic fractures. Alendronate sodium, a 
bisphosphonate, mitigates bone loss and 
enhances BMD, potentially improving treatment 
success and effectiveness [18]. In this study, the 
results revealed a superior total effective rate in 
study group compared to control group. As a 
result, the treatment combination improves joint 
motion, function, and pain reduction. Other 
studies also revealed that THA with alendronate 
sodium expedited fracture healing, promoted 
bone restoration, and improved outcomes and 
life quality, consistent with our findings [19]. 
 
Serum osteosclerosis is a key bone cell-
produced protein regulating bone metabolism 
[20]. Insulin-like growth factor 1 (IGF-1), 
produced by the liver and other tissues, 
promotes bone cell proliferation, differentiation 
and bone formation [21]. After treatment, the 
study group exhibited significantly lower SOST 
and higher IGF-1 levels compared to control 
group. These alterations suggest that combined 
treatment markedly improves SOST and IGF-1 

levels in FNF patients. Reduced SOST 
overexpression enhances BMD and fracture 
resistance, while elevated IGF-1 aids bone 
matrix synthesis and mineralization, promoting 
bone growth and repair. These outcomes are 
consistent with the findings of Wan et al [22].  
 
Bone mineral density (BMD) is an important 
indicator for assessing bone health and fracture 
risks [23]. Tartrate-resistant acid phosphatase 
(TRAP) is primarily found in macrophages and 
osteoclasts, playing a key role in bone resorption 
[24]. In this study, BMD was significantly higher 
and TRAP levels were lower in study group 
compared to control group after treatment. These 
results suggest that combination therapy 
effectively enhances BMD and lowers serum 
TRAP levels. The observed reduction in BMD in 
control group may result from surgical tissue 
damage and post-operative activity limitations. 
Hence, combining alendronate sodium with THA 
reduces BMD loss, and improves treatment 
success and outcomes of THA. Correspondingly, 
Wang et al [25] reported that combining 
alendronate sodium with InterTan for 
osteoporotic intertrochanteric femoral fractures 
increased BMD, promoted healing, and 
decreased fracture recurrence risk which is 
consistent with the findings of this present study. 
The study concluded with an analysis of adverse 
effects and complications, revealing no 
significant differences between the groups. This 
suggests that combining THA with alendronate 
sodium effectively heals fractures and restores 
hip function without increasing the incidence of 
adverse effects corroborating earlier findings of 
Axelsson et al [26]. 
 
Limitations of this study 
 
The retrospective design and small sample size 
may introduce bias, affecting the results' validity. 
Additionally, the absence of long-term follow-up 
prevented the evaluation of sustained efficacy 
and patient prognosis. 
 

CONCLUSION 
 
The combination of THA with alendronate 
sodium offers an effective and safe treatment for 
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FNF, significantly enhancing (BMD) and 
facilitating fracture healing. Given its efficacy and 
safety, further studies should aim to address the 
limitations of small sample size to improve the 
reliability and generalizability of the results. 
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