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Abstract. – OBJECTIVE: To investigate the 
value of bone mineral density (BMD) in predict-
ing postoperative efficacy in patients undergo-
ing total hip arthroplasty (THA), and to analyze 
the influencing factors of short-term outcomes. 

PATIENTS AND METHODS: Clinical data, in-
cluding general data, perioperative indicators, 
and postoperative follow-up information, were 
collected from patients undergoing THA from 
July 2018 to June 2020 at Jiangsu Taizhou Peo-
ple’s Hospital for retrospective analysis. Using 
the Harris Hip Score (HHS) at 12 months after 
THA as the therapeutic effect evaluation index, 
the BMD levels of patients with different thera-
peutic effects were compared, and the correla-
tion of BMD with therapeutic efficacy was an-
alyzed. Furthermore, the influencing factors of 
postoperative efficacy were discussed by using 
a logistic regression model.

RESULTS: The HHS scores of 194 patients 
undergoing THA improved markedly at postop-
erative month 12 compared with the preopera-
tive values (p<0.05), with a treatment excellent 
and good rate of 79.90% (155/194). The BMD 
level varied greatly among patients with dif-
ferent curative effects (p<0.05). Pearson cor-
relation analysis identified a significant posi-
tive correlation between BMD values and HHS 
scores in patients undergoing THA. THA pa-
tients with different body mass index (BMI), 
surgical approach, occult blood loss, postop-
erative complications, length change of the af-
fected limb, postoperative exercise time, and 
BMD had statistically significant differences in 
the excellent and good rate of clinical efficacy 
(p<0.05). According to the multivariate Logistic 
regression analysis, BMI, surgical approach, 
length change of the affected limb, and BMD 
were independent factors influencing the post-
operative excellent and good rate of efficacy in 
THA patients (p<0.05).

CONCLUSIONS: Preoperative BMD levels are 
strongly correlated with postoperative efficacy 

improvement in patients undergoing THA. BMD 
is an independent influencing factor of excellent 
and good postoperative efficacy in patients un-
dergoing THA, and increasing the BMD is con-
ducive to improving outcomes in such patients.
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Introduction

Total hip arthroplasty (THA) is one of the major 
means to treat hip diseases caused by femoral neck 
fracture, femoral head necrosis, primary osteopo-
rosis and other reasons. The therapeutic effects of 
the procedure have been well documented, which 
can effectively restore hip function and improve 
patients’ quality of life, with significant clinical 
application value1. However, the postoperative effi-
cacy of THA is influenced by multiple complicated 
factors and various surgical complications, seriou-
sly affecting the postoperative rehabilitation, fol-
low-up treatment, and quality of life of post-surgi-
cal patients2,3. Bone mineral density (BMD), usual-
ly evaluated by dual-energy X-ray absorptiometry 
(DXA), is a clinical index of bone strength, and 
sufficient bone strength is a guarantee for maintai-
ning bone integrity and resisting fractures. Due to 
the different metal materials and fixation modes of 
total hip prosthesis implanted during THA, patien-
ts are predisposed to periprosthesis osteolysis and 
bone after surgery, resulting in decreased BMD 
and reduced bone mass4,5. Moreover, several stu-
dies6-8 have shown that BMD correlates with a hi-
gher risk of hip fracture. Low BMD of the hip joint 
affects prosthesis initial stability after THA, which 
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can lead to a decrease in prosthetic stability and an 
increase in revision rate, resulting in a shortened 
life span of the prosthesis and, ultimately surgical 
failure. Therefore, this study aimed to explore the 
correlation between preoperative BMD levels and 
short-term outcomes of patients after THA, and 
the factors that influence the excellent and good 
rate of clinical efficacy in such patients. This study 
helps determine the predictive value of BMD for 
hip function recovery after THA and provides a 
valuable reference for clinical application.

Patients and Methods

Source of Data
The clinical data of 194 patients undergoing 

THA at Jiangsu Taizhou People’s Hospital from 
July 2018 to June 2020 were retrospectively analy-
zed. Criteria for patient enrollment: 1) patients who 
were confirmed by imaging (X-ray, computed to-
mography [CT] or nuclear magnetic resonance ima-
ging [MRI]) to be eligible for THA, including pri-
mary osteoporosis, femoral neck fracture, femoral 
head necrosis, etc.; 2) patients who underwent THA 
within 3 to 7 days after admission; 3) patients who 
did not respond to conservative treatment and met 
the indications for THA with no contraindications; 
4) patients who received their first unilateral THA; 
5) patients with intact clinical data such as medi-
cal records and follow-up data. Criteria for patient 
exclusion: 1) those complicated by severe nerve 
injury, local or systemic infection, and severe orga-
nic diseases of the liver, kidney, heart, lungs, etc.; 
2) patients with thyroid disorders or malignancies, 
or those undergoing ovariectomy or hysterectomy 
that affected bone metabolism; 3) patients who took 
drugs that affected bone metabolism 6 months befo-
re surgery or those with long-term use of hormones; 
4) those who could not complete the investigation 
due to the combination of consciousness disorders, 
mental illness, etc.; 5) those with incomplete clini-
cal data. Among the 94 patients undergoing THA, 
82 were males and 112 were females, ranging in 
age from 47 to 85 years, with an average age of 
(65.58±8.69) years; the body mass index (BMI) 
ranged from 17.3 kg/m2 to 32.6 kg/m2, with a mean 
of (24.54±2.63); 68 cases were complicated with 
hypertension, 31 were combined with diabetes, and 
45 were complicated by hyperlipidemia.

Surgical Contents
In all cases, the THA procedure was performed 

by professional joint surgeons in our hospital. 

Preoperative anesthesia included epidural and ge-
neral anesthesia. Continuous epidural anesthesia: 
epidural puncture anesthesia was performed at 
L1~L2 or L2~L3 levels of the spine. General ane-
sthesia was performed by intravenous-inhalation 
combined anesthesia. Anesthesia was induced by 
intravenous injection, maintained by isoflurane 
inhalation and intravenous fentanyl, and sup-
ported by injections of lidocaine or bupivacaine. 
An anterolateral or minimally invasive approach 
was selected as the surgical approach. After the 
hip joint exposure and the joint capsule’s remo-
val, the femoral neck was sawed 1.5 cm above 
the lesser trochanter of the femur for osteotomy. 
The residual soft tissue and cartilage wear in the 
acetabulum were filed and polished to ensure 
that its longitudinal axis was perpendicular to 
the lumbosacral joint. A total hip prosthesis was 
then placed to repair the femur and the joint was 
reduced. After confirmation of joint mobility and 
stability and the drainage tube placement, the 
incision was closed layer by layer.

Data Collection
All patients’ general data (gender, age, BMI, 

etc.), BMD values, as well as perioperative 
data such as surgical anesthesia methods (epi-
dural or general anesthesia), surgical approach 
(anterolateral or minimally invasive approach), 
operation time, intraoperative blood loss, inci-
sional drainage, postoperative occult blood loss, 
postoperative complications, length change of 
the affected limb, and postoperative exercise 
time, were recorded. The BMD of patients was 
detected by an ultrasonic bone analyzer (GE 
Corp., Farmington, CT, USA) based on the 
principle of DXA. According to the World He-
alth Organization (WHO) reference standards, 
normal BMD was defined as a t-value=±1.0, and 
osteopenia was defined as a t-value < -1.0 but ≥ 
-2.5; a t-value < -2.5 was suggestive of osteo-
porosis, and a t-value < -2.5 with osteoporotic 
fractures indicated severe osteoporosis.

Evaluation of Therapeutic Effects
The Harris Hip Score (HHS) was used to evalua-

te hip function recovery before and 12 months after 
THA. The scale includes four dimensions: pain (44 
points), joint function (47 points), joint deformity (4 
points), and range of motion (5 points), with a full 
score of 100. Evaluation criteria: 1) Excellent: HHS 
score ≥90; 2) Good: HHS score 80-89; 3) Fair: 
HHS score 70-79; Poor: HHS score <70; higher 
scores were linked to better hip function. Excellent 
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and good rate of hip joint function = (excellent ca-
ses + good cases)/total cases *100%9.

Statistics Analysis
The collected data were processed by SPSS 19.0 

software (IBM Corp., Chicago, IL, USA). Measu-
rement data were described as x̅±s, and t-tests were 
performed for inter-group comparisons. Count da-
ta, represented by frequencies (n) and percentages 
(%), were analyzed using the χ2 test. The Logistic 
regression model was used to analyze the influen-
cing factors of excellent and good rate in terms 
of clinical efficacy in patients undergoing THA. 
p<0.05 was the significance threshold. 

Results

Postoperative Therapeutic Effect of 
Patients Undergoing THA

The hip joint function of patients before and after 
THA was evaluated by HHS. The HHS score of the 
194 patients was (38.02±7.66) before THA, and the 
score increased to (84.85±10.37) at 12 months after 
surgery, indicating significantly improved hip joint 
function of patients and marked therapeutic effects 
of THA. The four dimensions of HHS, including 
pain, joint function, joint deformity, and range of 
motion, showed statistically significant differences 
compared with preoperative scores (p<0.05). The 
details can be found in Table I.

BMD Levels in Patients with Different 
Efficacy

The HHS score at 12 months postoperatively 
was used as the index to evaluate the curative effect 
of THA. It was found that the curative effect was 

excellent (≥90 points) in 37.11% (72/194), good (80-
89 points) in 42.78% (83/194), fair (70-79 points) in 
12.89% (25/194), and poor (<70 points) in 7.22% 
(14/194). The BMD level varied greatly among 
patients with different curative effects (p<0.05), 
as shown in Table II and Figure 1. In addition, 
Pearson correlation analysis identified a positive 
relationship between BMD levels of THA patients 
and HHS scores (r=0.624, p<0.05).

Univariate Analysis of Postoperative 
Efficacy in Patients Undergoing THA

The HHS score ≥80 was used as an index to 
judge the excellent and good curative effects of 
patients undergoing THA, based on which an 
excellent and good rate of 79.90% (155/194) was 
calculated. Univariate analysis showed that the-
re were significant differences in the excellent 
and good rate of THA patients with different 
BMI, surgical approach, occult blood loss, po-
stoperative complications, length change of the 
affected limb, postoperative exercise time, and 
BMD (p<0.05). At the same time, the excellent 
and good rate had no significant correlation with 
age, sex, combined diseases and anesthesia mode 
(p>0.05). See Table III for details.

Univariate Analysis of Factors Affecting 
Efficacy in Patients Undergoing THA

With excellent and good curative effects after 
THA (no=0, yes=1) as the dependent variable and 
the statistically significant factors (p<0.05) in the 
univariate analysis as independent variables (the 
assignments are shown in Table IV), multivariate 
analysis was carried out using the Logistic regres-
sion model (Table V). It showed that BMI, surgical 
approach, occult blood loss, length change of the 

Table I. Curative effect evaluation results of patients before and after THA (x̅±s).

Dimension	 Before surgery	 12 months after surgery	 t	 p

Pain	 15.61±5.02	 40.24±8.92	 33.516	 <0.001
Joint function	 20.17±5.91	 38.18±7.82	 25.592	 <0.001
Joint deformity	 1.2±0.34	 2.64±0.89	 21.052	 <0.001
Range of motion	 1.04±0.28	 3.79±0.92	 39.830	 <0.001

Table II. BMD levels in patients with different therapeutic effects after THA (x̅±s).

Indicators	 Excellent	 Good	 Fair	 Poor

BMD	 -1.01±0.36	 -1.75±0.56a	 -2.01±0.62ab	 -2.47±0.86abc

ap<0.05 vs. excellent group; bp<0.05 vs. excellent group; cp<0.05 vs. excellent group.
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affected limb, and BMD were independent in-
fluencing the outcome after THA (p<0.05).

Discussion

Clinical reports indicate that THA, as an artifi-
cial hip joint reconstruction procedure, has been wi-
dely used to treat a variety of severe hip joint disea-
ses with promising therapeutic outcomes. However, 
20% of post-surgical patients still suffer from pro-
sthesis loosening after THA, which ultimately leads 
to surgical failure10. In this study, the HHS was used 
to assess the postoperative hip function of patients 
undergoing THA. The results showed that the excel-
lent and good rate (HHS score ≥80) was 79.90% at 
12 months postoperatively, which was consistent 
with previous research. In order to investigate the 
influence of BMD on the postoperative curative 
effects of patients undergoing THA, this study fur-
ther analyzed the correlation between the efficacy 
of THA patients and BMD levels. BMD levels 
varied significantly between patients with different 
responses. The higher the BMD level, the better the 
postoperative outcome of THA patients. Moreover, 
Pearson correlation analysis showed a significant 
positive correlation between BMD values and HHS 
scores in such patients. Hip BMD is an index that 
surgeons should pay special attention to when per-
forming THA, and the decrease of BMD indicates 
a high risk of hip fractures11. The subsequent de-
cline of bone quality will bring many problems to 
patients, such as intraoperative fracture, prosthesis 

loosening, and postoperative periprosthetic fracture 
risk12. According to WTO standards, a T-value of < 
-1.0 for BMD by DXA indicates osteopenia, while 
a T-value of <-2.5 suggests the presence of osteopo-
rosis. Hip/knee replacement patients reported the 
bone loss of about 43.0% to 61.5% and osteoporosis 
of about 23% to 38.5%13,14. Adequate bone strength 
is a guarantee for maintaining bone integrity and 
resisting fractures. On the contrary, osteoporosis 
is associated with an elevated risk and surgical 
difficulty of THA, as well as a higher risk of po-
stoperative fractures due to misalignment, traction 
discomfort, or violent manipulation15. Gregory et 
al16 showed that patients with osteoporosis had a 5 
to 8 times higher risk of fracture during and after 
joint replacement than non-osteoporotic patients. 
Labuda et al17 also pointed out that patients waiting 
for joint replacement surgery are often complicated 
with osteoporosis. Thus, preoperative routine BMD 
testing is recommended.

Further, the multivariate Logistic regression 
analysis showed that BMI, surgical approach, 
occult blood loss, length change of the affected 
limb, and BMD were all independent factors 
influencing the rate of excellent and good posto-
perative outcomes in patients undergoing THA. 
The higher the BMI, the greater the patient’s 
weight burden, and the more prominent the diffi-
culty of rehabilitation exercise and joint pain fol-
lowing THA. In addition, Gross et al18 proposed 
that low BMD combined with high BMI would 
increase the risk of early femoral head necro-
sis after hip resurfacing arthroplasty. Compared 

Figure 1. BMD levels in patients with different therapeutic effects. Compared with excellent group, ap<0.05; compared with 
the good group, bp<0.05; compared with the fair group, cp<0.05.
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Table III. Univariate analysis of postoperative efficacy in patients undergoing THA.

		  Excellent group (n=155)

Classification	 Number of cases (n)	 n	 %	 c2
	 p

			 
Age (years old)				    0.903	 0.825
<55	 35	 27	 77.14		
55-65	 67	 54	 80.60		
66-75	 59	 49	 83.05		
>75	 33	 25	 75.76		
Gender				    0.290	 0.590
Male	 82	 67	 81.71		
Female	 112	 88	 78.57		
BMI (kg/m2)				    24.475	 <0.001
<18.5	 67	 56	 83.58		
18.5-23.9	 72	 67	 93.06		
≥24.0	 55	 32	 58.18		
Hypertension				    0.765	 0.382
Yes	 68	 52	 76.47		
No	 126	 103	 81.75		
Diabetes mellitus				    0.747	 0.387
Yes	 31	 23	 74.19		
No	 163	 132	 80.98		
Hyperlipidemia				    0.688	 0.407
Yes	 45	 34	 75.56		
No	 149	 121	 81.21		
Anesthesia mode				    1.193	 0.275
Epidural anesthesia	 124	 102	 82.26		
General anesthesia	 70	 53	 75.71		
Surgical approach				    16.432	 <0.001
Anterolateral approach	 93	 63	 67.74		
Minimally invasive approach	 101	 92	 91.09		
Operation time (min)				    2.421	 0.120
<80	 81	 69	 85.19		
≥80	 113	 86	 76.11		
Intraoperative blood loss (mL)				    0.500	 0.479
<320	 75	 58	 77.33		
≥320	 119	 97	 81.51		
Occult blood loss (mL)				    13.206	 <0.001
≤480	 105	 89	 84.76		
>480	 89	 66	 74.16		
Incisional drainage				    1.448	 0.229
Yes	 118	 91	 77.12		
No	 76	 64	 84.21		
Postoperative complications				    10.046	 0.002
Yes	 59	 47	 79.66		
No	 135	 108	 80.00		
Affected limb length change (mm)				    17.928	 <0.001
<10	 87	 79	 90.80		
10-15	 72	 56	 77.78		
>15	 35	 20	 57.14		
Postoperative exercise time (h)				    6.144	 <0.001
<6	 33	 22	 66.67		
6-10	 121	 97	 80.17		
>10	 40	 36	 90.00		
BMD				    30.101	 <0.001
Normal	 30	 28	 93.33		
Osteopenia	 89	 80	 89.89		
Osteoporosis	 47	 34	 72.34		
Severe osteoporosis	 28	 13	 46.43		
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with the traditional external incision approach, 
minimally invasive approach causes less damage 
to the tissue surrounding the hip joint and reduces 
the amount of blood loss, which is conducive to 
wound healing and hip function recovery. Occult 
bleeding may lead to anemia due to weakened 
hematopoietic function. Without timely interven-
tion, excessive blood loss can cause symptoms, 
such as mental burnout and loss of appetite, which 
are detrimental to the patient’s postoperative reco-
very, nutrition, and health. Length change of the 
affected limb will not only cause inconvenience to 
patients’ mobility and daily living but also induce 
greater psychological distress and serious psycho-
logical burden, which adversely affects their po-
stoperative rehabilitation exercise and physiology 
and psychology, ultimately delaying rehabilita-
tion. And the prosthesis implanted during THA 
may lead to femoral bone evacuation and cortical 
thinning due to the low BMD level of patients, 
resulting in a high likelihood of prosthesis loose-
ning. Conversely, a relatively high level of BMD 
and complete bone structure can provide stronger 
support for the joint prosthesis.

Conclusions

Our study shows that BMD levels are clo-
sely related to postoperative efficacy in patients 
undergoing THA and can be a prognostic factor 

for such patients. Strengthening preoperative 
BMD testing and actively focusing on impro-
ving BMD levels can significantly improve the 
excellent and good rate of clinical efficacy in 
patients after THA, which is conducive to acce-
lerating their postoperative recovery. This study 
still has certain limitations: given the limited 
number of cases included and the short fol-
low-up time, a prospective study with a larger 
sample size is necessary to further unravel the 
influence of BMD levels on the long-term outco-
mes of patients undergoing THA.
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BMD	 1=normal; 2=osteopenia; 3=osteoporosis; 4=severe osteoporosis
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