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Objective. To perform hemiarthroplasty (HA) on elderly patients with femoral neck fractures using cemented and biologic
prostheses and then compare the bone loss around the two types of prostheses after surgery. Methods. A total of 60 patients
aged over 75 years (with a mean age of 83.5 years) and suffering from femoral neck fracture (Garden types III and IV) from
January 2018 to December 2020 were selected; they were randomly divided into group A (n = 30, cemented prostheses) and
group B (n = 30, biologic prostheses) and received HA. At 1 month, 6 months, and 12 months after surgery, Harris Hip Scale
(HHS) was adopted for patient evaluation, and patients’ bone mineral density (BMD) of the 7 Gruen zones around the
prostheses was measured by dual-energy X-ray absorptiometry (DEXA scan). Results. Both groups achieved satisfactory results
postoperatively, and the Harris scores of the hips increased gradually over time, which were better in group A than in group B.
Gruen zones in group A showed a slower trend of decreasing BMD than group B, and the differences were significant at zones
2, 3, and 4 (P < 0:05). Conclusion. For elderly patients with femoral neck fractures, selecting cemented prosthesis for HA better
recovers the hip function and has a low rate of bone loss around the prosthesis.

1. Introduction

Osteoporosis is increasingly recognized as the population ages.
Patients with hip fracture caused by osteoporosis need long-
term bed rest and have high rates of complications and mor-
tality, resulting in great pressure on medical treatment and
society. Currently, among the elderly hip fracture patients in
China, the most common is femoral neck fracture, which
accounts for 3.6% of all fractures and 45%-54% of hip fractures
[1]. Osteoporosis prevention and treatment in elderly patients
as well as performing bone mineral density (BMD) screening
in a scientific and effective way has become the secondary pre-
vention focus of orthopedics in China in recent years [2]. Cur-
rently, nondisplaced femoral neck fractures (Garden types I
and II) can achieve satisfactory clinical results through inter-
nal fixation [3]; and although optimal treatment of displaced
femoral neck fractures (Garden types III and IV) remains con-
troversial, most choose hemiarthroplasty (HA) or total hip

replacement. HA is technically simple; has short operation
time, less blood loss, and low dislocation rate; and is suitable
for elderly patients with displaced femoral neck fractures
who have poor physical condition and less activity [4]. The
cemented and biologic prostheses are two commonly used
types, and the former case, as a mosaic agent, can firmly inte-
grate the metal part of artificial joint with the patients’ own
bones, with the applied advantages of rapid postoperative
recovery and small trauma, but the surgical procedures may
damage the nerves, while the latter case with a short surgery
time can reduce postoperative complications to a certain
extent, but the probability of periprosthetic fracture is higher.
Therefore, there is no consensus view on the choice of cemen-
ted or biologic prostheses. In this study, by adopting both
cemented and biologic prostheses for HA in elderly patients
with femoral neck fractures and recording postoperative
improvement in hip function and changes in periprosthetic
bone density, the clinical outcomes were evaluated.
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2. Materials and Methods

2.1. Inclusion and Exclusion Criteria. Inclusion criteria were
as follows: (1) the patients were over 75 years old and had
femoral neck fractures (Garden types III and IV); and (2)
before hospitalization, the patients could walk and carry
out activities normally. Exclusion criteria were as follows:
(1) the patients were complicated with a history of severe
coxitis or rheumatoid arthritis; (2) the patients were compli-
cated with a history of fractures at other sites; and (3) the
patients had bone metabolic diseases.

2.2. General Data. A total of 60 patients with femoral neck
fracture treated in our hospital from January 2018 to
December 2020 were selected and randomly divided into
group A (n = 30) and group B (n = 30); i.e., the samples were
selected by the random number table. Experienced joint sur-
geons performed HA to patients in the two groups with the
anesthesia method as tracheal intubation general anesthesia
when patients were in lateral position by adopting the rear
lateral approach and implanted the cemented and biologic
prostheses according to the standard method [5]. After sur-
gery, antibiotics were administered according to the clinical
diagnosis and treatment code to prevent infection, deep vein
thrombosis was prevented, and rehabilitation functional
exercise was conducted. The CoCrMo alloy cemented femo-
ral stem prostheses (morphologically matched type; specifi-
cation: 127-933; NMPA approval No. 20173466557) were
used in group A, and titanium alloy porous-coated cement-
less stem prostheses (tapered stem; specification: 1-4/129;
NMPA approval No. 20203130412) were used in group B.
The prostheses were provided by Zimmer (Shanghai) Medi-
cal International Trading Co., Ltd., and all patients were
reviewed and approved by the Ethics Committee of BenQ
Medical Center in Suzhou.

2.3. Evaluation Methods. The clinical data such as body mass
index (BMI), surgery time, and hospitalization time were
recorded, and the incidence of postoperative complications
was counted. At 1 month, 6 months, and 12 months after
surgery, follow-up visit was carried out, patients’ Harris
Hip Scale (HHS) scores were recorded, including four
aspects of function, pain, malformation, and joint motion
with a full score of 100 points in this scale and the score
above 90 as excellent, 80-90 as better, 70-79 as acceptable,
and less than 70 as poor, and patients’ BMD of the 7 Gruen
zones around the prostheses was measured by dual-energy
X-ray absorptiometry (DEXA scan) for 3 times.

2.4. Statistical Analysis. Software SPSS 17.0 was used for
data analysis, continuous variables were expressed as
mean ± standard deviation, quantitative data that con-
formed to normal distribution were assessed by paired
sample t-test, and those that have skewed distribution were
assessed by Mann–Whitney U test at the test level α = 0:05,
and differences were considered statistically significant at
P < 0:05.

3. Results

3.1. Comparison of General Data. The patients’ BMI and age
were not statistically different between the two groups (see
Table 1). The mean surgery time of group A was 70:13 ±
3:50min, which was obviously higher than that of group B
(52:52 ± 3:60min, P < 0:001). No statistically significant dif-
ference on the mean hospitalization time between the two
groups was observed (P = 0:443). A total of 5 patients had
postoperative complications, 2 of them were in group A
(1 with postoperative lower-extremity deep vein thrombosis
and 1 with lung infection), and 3 of them were in group B
(1 with postoperative lower-extremity deep vein thrombo-
sis and 2 with urinary tract infection). All complications
were cured after active treatment.

3.2. Postoperative Evaluation of Hip Joint Function. At
1month, 6months, and 12months after surgery, the Harris
scores of the hips increased gradually over time in the two
groups. At postoperative 1month, the Harris scores of patients
in group A and group B were, respectively, 65:74 ± 5:32 points
and 63:43 ± 5:76 points, presenting no statistical difference
(P = 0:112), and at postoperative 6 months and 12 months,
the Harris scores were better in group A than in group B. At
postoperative 12 months, the Harris scores of group A and
group B were, respectively, 84:56 ± 6:70 points and 80:29 ±
7:08 points, which reached a satisfied level (see Table 2).

3.3. Comparison of DEXA Analysis Results. Periprosthetic
BMD loss was measured on 3 consecutive DEXA scans in
all 7 Gruen zones, with group B specifically showing the
highest degree of BMD loss in zone 7. The change in mean
periprosthetic BMD values was different between groups A
and B, with a slower trend towards lower BMD values in
the Gruen zones in group A compared to group B using bio-
logic prostheses. Such difference was statistically significant
in zones 2, 3, and 4 (P < 0:05, see Table 3).

4. Discussion

Femoral neck fracture is a common type of fracture, and the
pathogenic factors include osteoporosis, trauma, and femo-
ral neck bone cyst. At present, there is a certain consensus
on the application of HA in elderly patients with femoral
neck fractures. The surgery can make patients achieve early
ambulation, better solve the symptoms of hip joint pain
and claudication caused by femoral head necrosis, avoid
related complications caused by long-term bed rest, improve
patients’ QOL, and reduce family burden [5]. The contro-
versy lies in the choice of the type of prosthesis in the surgi-
cal treatment of HA in elderly patients with femoral neck
fractures. Periprosthetic stability is a key factor in the recov-
ery and maintenance of postoperative hip function, and
aseptic loosening of the bone-prosthesis interface is an
important cause of postoperative pain, prosthesis loosening,
and even periprosthetic fracture [6], and such loosening may
be associated with periprosthetic bone loss. Bone loss after
trauma and fracture surgery has been a research hotspot,
and the rate of bone loss is influenced not only by friction-
mediated osteolysis and stress shielding but also by the
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induction of osteoporosis with posttraumatic physiological
alterations, thereby causing implant loosening [7]. Relevant
studies have shown that the severity of trauma, intraopera-
tively excessive periosteal and vascular injury, and the level
of functional recovery of the limb after surgery directly affect
the extent of bone loss. In this study, 60 elderly patients with
femoral neck fracture in our hospital were included as the
study subjects, and all patients were treated with HA. The
clinical application value of cemented and biologic prosthe-
ses was comprehensively evaluated by estimating the hip
joint function and BMD values of two groups. By analyzing
Table 1, it is found that there was no significant difference in
clinical data such as age and BMI values between the two
groups in addition to the surgery time (P > 0:05), which laid
the foundation for the subsequent studies. In this study,
trauma and surgical injuries were more similar between the

two groups, but follow-up revealed some differences in
patients’ functional recovery outcomes, which might be
associated with periprosthetic bone loss. The implanted bio-
logic prosthesis was relatively unstable, possibly leading to
postoperative pain, hindering patients’ weight-bearing
activity, and then affecting bone repair and resulting in low
bone mass [8]. As Knutsen et al. reported [9], after total
hip replacement surgery for patients with osteoarthritis of
the hip using cemented and biologic prostheses, the degree
of periprosthetic bone loss was different, which was
obviously higher in biologic prostheses than in cemented
prostheses, and the result was consistent with the study
herein. In another study, quantitative computed tomography
(QCT) measurements of BMD were performed after surgery
in patients with femoral neck fractures of Garden types III
and IV and hip osteoarthritis, and the Harris score was

Table 1: Between-group comparison of patients’ general data.

Group N (cases) Age (years) BMI (kg/m2) Surgery time (min) Hospitalization time (d)

A 30 77:41 ± 5:65 22:64 ± 4:32 70:13 ± 3:50 8:82 ± 1:25
B 30 78:32 ± 4:73 21:37 ± 3:53 52:52 ± 3:60 8:52 ± 1:72
t — 0.676 1.247 19.210 0.773

P — 0.501 0.217 <0.001 0.443

Table 2: Between-group comparison of patients’ postoperative Harris scores.

Postoperative Harris score Group A Group B t p

1month 65:74 ± 5:32 63:43 ± 5:76 1.614 0.112

6months 72:45 ± 6:53 67:23 ± 5:41 3.372 0.001

12months 84:56 ± 6:70 80:29 ± 7:08 2.399 0.020

Table 3: Changes in mean BMD in the Gruen zones between the two groups at postoperative 1, 6, and 12 months.

Gruen zone Group
1 month after surgery 6months after surgery 12months after surgery

(g/cm2) t P (g/cm2) t P (g/cm2) t P

R1 A 0:633 ± 0:110
0.407 0.685

0:595 ± 0:098
1.464 0.149

0:583 ± 0:001
1.962 0.071

B 0:621 ± 0:118 0:557 ± 0:103 0:547 ± 0:021
R2 A 1:417 ± 0:120

1.751 0.086
1:388 ± 0:125

2.649 0.01
1:305 ± 0:129

2.958 0.040
B 1:351 ± 0:168 1:278 ± 0:190 1:194 ± 0:160

R3 A 1:488 ± 0:126
2.284 0.026

1:456 ± 0:097
3.050 0.003

1:403 ± 0:114
3.679 0.001

B 1:406 ± 0:151 1:347 ± 0:170 1:277 ± 0:149
R4 A 1:615 ± 0:101

4.192 0.026
1:574 ± 0:106

3.765 <0.001
1:521 ± 0:136

4.146 <0.001
B 1:489 ± 0:130 1:456 ± 0:135 1:377 ± 0:133

R5 A 1:578 ± 0:128
0.335 0.738

1:555 ± 0:125
0.031 0.976

1:482 ± 0:136
0.339 0.736

B 1:589 ± 0:126 1:556 ± 0:128 1:470 ± 0:138
R6 A 1:364 ± 0:137

0.302 0.764
1:332 ± 0:130

0.406 0.686
1:275 ± 0:140

1.030 0.307
B 1:375 ± 0:145 1:317 ± 0:155 1:234 ± 0:167

R7 A 0:698 ± 0:134
1.550 0.127

0:676 ± 0:138
0.291 0.772

0:584 ± 0:112
1.245 0.218

B 0:746 ± 0:104 0:666 ± 0:128 0:545 ± 0:130
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significantly lower, and bone loss was more obvious in the
femoral neck fracture group compared with the hip osteoar-
thritis group. According to the study by Sinaki et al. [10],
patients with femoral neck fracture more easily have bone
mass loss after surgery, and such difference in bone mass
loss is mainly caused by different functional recovery after
surgery. Weight-bearing is an important driving force for
bone formation, while dysfunction and non-weight-bearing
are closely related to bone resorption. Good filling of the
medullary cavity is an important factor for optimal weight-
bearing stability of the prosthesis, whereas tight press-fit
and solid initial fixations are essential requirements for
achieving good long-term outcomes of the prosthesis, and
long-term follow-up studies have found that patients achieve
initial press-fit fixation by bone ingrowth or fibrous stable
fixation in the proximal femur and isthmus [11]. The initial
stability is very important, and the precise preparation of the
femoral medullary cavity is an important factor to ensure the
long-term stability of cementless prostheses. Elderly patients
have osteoporosis with thinner femoral cortical and enlarged
volume of the medullary cavity, it is not advisable to increase
the template model blindly and sequentially during surgery,
and C-arm X-ray fluoroscopy should be used to understand
the filling rate of the prosthesis in the femoral medullary
cavity when necessary. In addition, precise reaming helps
to prevent the occurrence of anterior femoral fracture at
the insertion of prosthesis and guarantees close contact
between bone and prosthesis. Intraoperatively, when a suit-
able femoral template is punched to achieve a defined depth,
C-arm X-ray fluoroscopy is performed to understand its
position, depth, and fill rate in the medullary cavity, thus
ensuring a good position and fill rate in the medullary cavity
after prosthesis implantation. Cemented prostheses can be
strongly bonded at the bone-prosthesis interface, offering a
better biomechanical stabilization [12].

The cemented prosthesis can form the tiny noose with
the surrounding residual cancellous bone and then firmly
fix the prosthesis, which is helpful to maintain the initial sta-
bility of this prosthesis, with a relatively low risk of splitting
in proximal femur during the implantation of prosthesis,
and it can be completely filled with the marrow cavity to pre-
vent the violent injury of the femoral stem prosthesis during
the implantation. In addition, the biologic prosthesis can
also carry out the coverage of bone cement according to
the patients’ anatomical structure of femur and leg length
to make the prosthesis in the best position, but it cannot
completely match the femur, so the effect of cemented pros-
thesis is better. In this study, Harris hip scores increased
gradually in both groups at three follow-up visits after sur-
gery, but the scores of the cemented prosthesis group were
significantly higher than those of the biologic prosthesis
group. Compared with the cemented prosthesis group, the
reduction in BMD in the biologic prosthesis group was
greater in all zones, with the most significant reductions in
zones 2, 3, and 4. This difference may be because patients
who underwent HA using cemented prostheses were able
to achieve better functional recovery and weight-bearing
exercises. Naturally, there are also disadvantages of using
cemented prostheses for elderly patients, such as high risk

of cardiopulmonary complications, long operation time,
high technical requirements for surgery, and difficulties in
secondary revision surgery [13]. And during the procedure,
the use of cemented prosthesis implantation may increase
the occurrence of periprosthetic fracture, air embolism,
hypotension, and other complications [14]. Recently, studies
have shown that with the advancement of medical devices as
well as the improvement of surgical techniques, the inci-
dence of the above complications has significantly decreased
[15]. Compared with the use of biological prostheses in this
study, the use of cemented prostheses increased surgery time
by an average of 18 minutes, but the mean time of hospital-
ization and the incidence of postoperative related complica-
tions did not differ significantly between the two groups.
Cemented prostheses have previously been documented to
be preferred for the treatment of osteoporotic femoral neck
fractures, but no further studies were performed [16].
Through the quantitative measurement of BMD, it is
believed that cemented prostheses can provide early stabili-
zation of the prosthesis-bone interface, which is good for
functional recovery and reducing periprosthetic bone mass
loss. Despite the constant progress of medical technology,
there are still many difficulties in the treatment of femoral
neck fractures, so that more efficient diagnosis and interven-
tion modes need to be explored constantly by medical
workers to provide more reliable basis for the treatment of
femoral neck fractures. The contributions of this study were
as follows. The application of the two types of prosthesis in
HA was deeply understood by comparing the cemented
and biologic prostheses, with a major progress and develop-
ment in clinic and an extensive guiding significance in
orthopedic treatment, which undoubtedly becomes the
development direction of future medicine.

However, this study also has shortcomings that would
affect the study results, such as the relatively small sample
size, the differences in individual samples and prosthetic fac-
tors (the type of fracture, the preoperative osteoporosis con-
dition, the impact of prosthetic model and geometry on
stress shielding, etc.), and the differences in the surgical
approach among the surgeons. Therefore, more prospective
controlled studies are needed in the future.

Data Availability

Data to support the findings of this study is available on rea-
sonable request from the corresponding author.

Conflicts of Interest

The authors do not have conflicts of interest to declare.

Acknowledgments

This research was funded by 2021 Suzhou Science and Tech-
nology Development Plan (medical and health science and
technology innovation-Applied Basic Research), grant num-
ber SKJY2021027. This research was funded by Open project
of National Local Joint Engineering Laboratory for New
Functional Polymers in 2021, grant number SDGC2113.

4 Disease Markers



References

[1] Y. Z. Zhang, Clinical Epidemiology of Orthopedic Trauma,
People’s Medical Publishing House, Beijing, 2014.

[2] The Chinese medical association of osteoporosis and bone
mineral disease, “Chinese,” Journal of Practical Internal Medi-
cine, vol. 2018, no. 2, pp. 127–150, 2017.

[3] C. R. Schwartsmann, H. M. Lammerhirt, L. D. F. Spinelli, and
A. S. Ungaretti Neto, “Treatment of displaced femoral neck
fractures in young patients with DHS and its association to
osteonecrosis,” Revista Brasileira de Ortopedia, vol. 53, no. 1,
pp. 82–87, 2018.

[4] T. Yagura, K. Oe, M. Paku et al., “A Possible Protective Effect
of the'Cam Deformity'on Femoral Neck Fracture: The
Relationship between Hip Morphology and the Types of Hip
Fracture,” Acta Medica Okayama, vol. 74, no. 3, pp. 221–227,
2020.

[5] R. Russo, A. Cozzolino, A. Guastafierro et al., “Use of 3D
planning and patient-specific guides for proximal humerus
corrective osteotomy associated with shoulder prosthesis
implantation in proximal humeral varus malunion,” Tech-
niques in Hand & Upper Extremity Surgery, vol. 26, no. 2,
pp. 131–138, 2022.

[6] D. Vidovic, A. Matejcic, M. Punda et al., “Periprosthetic bone
loss following hemiarthroplasty: a comparison between cemen-
ted and cementless hip prosthesis,” Injury, vol. 44, pp. S62–S66,
2013.

[7] B. Cortet, A.-M. Schott, G. Désaméricq et al., “Trends in post-
menopausal osteoporosis treatment in France during the
period 2007-2016: A nationwide claims database analysis,”
Bone, pp. 154–116255, 2022.

[8] H. T. Aro, S. Nazari‐Farsani, M. Vuopio, E. Löyttyniemi, and
K. Mattila, “Effect of denosumab on femoral periprosthetic
BMD and early femoral stem subsidence in postmenopausal
women undergoing cementless total hip arthroplasty,” JBMR
Plus, vol. 3, no. 10, article e10217, 2019.

[9] A. R. Knutsen, N. Lau, D. B. Longjohn, E. Ebramzadeh, and
S. N. Sangiorgio, “Periprosthetic femoral bone loss in total
hip arthroplasty: systematic analysis of the effect of stem
design,” Hip International, vol. 27, no. 1, pp. 26–34, 2017.

[10] M. Sinaki, M. Pfeifer, E. Preisinger et al., “The role of exercise
in the treatment of osteoporosis,” Current Osteoporosis
Reports, vol. 8, no. 3, pp. 138–144, 2010.

[11] Q. Cui, Y. S. Liu, D. F. Li et al., “Cemented hip hemiarthro-
plasty clinical observations on unstable intertrochanteric frac-
ture in elderlies,” European Journal of Trauma and Emergency
Surgery, vol. 42, no. 5, pp. 651–656, 2016.

[12] E. Langslet, F. Frihagen, V. Opland, J. E. Madsen,
L. Nordsletten, and W. Figved, “Cemented versus uncemented
hemiarthroplasty for displaced femoral neck fractures: 5-year
followup of a randomized trial,” Clinical Orthopaedics and
Related Research, vol. 472, no. 4, pp. 1291–1299, 2014.

[13] M. Q. Guan, Z. X. Zhu, and G. M. Zhou, “Cemented versus
cementless hemiarthroplasty for femoral neck fractures in
the elderly,” Chinese Journal of Tissue Engineering Research,
vol. 22, no. 7, pp. 991–996, 2018.

[14] A. Klasan, M. Bäumlein, C. Bliemel et al., “Cementing of the
hip arthroplasty stem increases load-to-failure force: a cadav-
eric study,” Acta Orthopaedica, vol. 90, no. 5, pp. 445–449,
2019.

[15] Y. Okutani, K. Goto, Y. Kuroda et al., “Long-term outcome of
cemented total hip arthroplasty with the Charnley-type
femoral stem made of titanium alloy,” Journal of Orthopaedic
Science, vol. 24, no. 6, pp. 1047–1052, 2019.

[16] P. Prochor and E. Sajewicz, “A comparative analysis of internal
bone remodelling concepts in a novel implant for direct skele-
tal attachment of limb prosthesis evaluation: A finite element
analysis,” Proceedings of the Institution of Mechanical Engi-
neers, Part H: Journal of Engineering in Medicine, vol. 232,
no. 3, pp. 289–298, 2018.

5Disease Markers


	Analysis of Bone Loss around Cemented and Biologic Prostheses after Hemiarthroplasty
	1. Introduction
	2. Materials and Methods
	2.1. Inclusion and Exclusion Criteria
	2.2. General Data
	2.3. Evaluation Methods
	2.4. Statistical Analysis

	3. Results
	3.1. Comparison of General Data
	3.2. Postoperative Evaluation of Hip Joint Function
	3.3. Comparison of DEXA Analysis Results

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments

