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Abstract 

Objectives The purpose of this study was to analyze mid- to long-term outcomes of total hip arthroplasty (THA) fol-
lowing failed internal fixation of femoral neck fracture.

Methods This study retrospectively analyzed 345 patients with femoral neck fracture who underwent THA after 
failure of internal fixation at our hospital between January, 2003 and December, 2019. Patients older than 55 years 
(n = 175) and patients no older than 55 years (n = 170) were compared in terms of complications and survival rates 
during follow-up, which lasted a mean of 6 years.

Results The two age groups showed similarly low incidence of complications and similarly long periods of survival 
without revision surgery. Only three younger patients and two older patients underwent revision surgery during 
follow-up. The two groups showed similarly high survival rates at the end of follow-up (> 93%). Younger patients 
showed significantly bettter Harris hip score at last follow-up (90.2 vs. 88.1 points, p < 0.001) without clinically signifi-
cant difference, but they required THA significantly earlier after internal fixation (4.4 vs. 6.8 years, p < 0.001).

Conclusions THA after failed internal fixation of femoral neck fracture is a well tolerated and effective procedure in 
older and younger patients.

Keywords Salvage total hip arthroplasty, Femoral neck fracture, Failed internal fixation, Clinical outcomes, Young 
patients

Introduction
Femoral neck fracture affects 1.3–2.2 million individu-
als every year globally, and its incidence is expected to 
reach 3.9–7.3 million per year by 2050 [1]. Such frac-
ture increases the risk of morbidity and mortality, and it 
makes many kinds of treatment for other diseases sub-
stantially more expensive than in the absence of fracture 
[2, 3]. Primary total hip arthroplasty (THA) can treat 
such fractures, but this requires destroying the original 
hip joint. Therefore, clinicians often prefer to treat such 
fractures, when possible, with internal fixation involving 
cannulated screws, dynamic hip screws, intramedullary 
nails, or anatomic plates. Internal fixation can resolve 
discomfort while preserving the original hip joint [4–7]. 
However, internal fixation is associated with several 
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complications, such as fracture nonunion, avulsion of the 
femoral head, and traumatic osteoarthritis [ref ]. In fact, 
up to one third of patients who undergo internal fixa-
tion may require reoperation to treat such complications, 
while more than 10% may require salvage THA [8–12].

Salvage THA is a more complex procedure than pri-
mary THA because of the weak and osteoporotic bone, 
retained hardware, and anatomical deformity [13–15]. 
Yang et al. [16] reported the salvage procedure is longer 
and involves greater risk of hip complications than the 
primary procedure, but there are no long-term follow-
up results. Although Moon et al. [13] carried out a long-
term follow-up study of salvage THA in patients with 
femoral neck fracture after failure of internal fixation, 
the sample size of patients collected is not large enough. 
Therefore, a large cohort study with the mid-long term 
follow-up study is needed to further determine the effi-
cacy and complications of salvage THA.

Moreover, little is known about whether outcomes dif-
fer substantially between older and younger patients. 
Young patients make up 3% of patients with femoral 
neck fracture [17], and they are usually the result of high-
energy violent injury [18]. Compared with the elderly, 
young people with good physical quality have almost no 
osteoporosis, but large amount of activity. We do not 
know the exact effect and the difference among different 
ages, which makes it challenging to consult for specific 
age group who perform THA after failure of internal fixa-
tion of femoral neck fracture.

In the present study, we aimed to investigate the mid- 
to long-term outcomes of salvage THA following failed 
internal fixation for femoral neck fracture using the larg-
est patient cohort to date. We also compared the inci-
dence of complications and outcomes between patients 
younger and older than 55 years.

Methods
Study design and participants
This retrospective cohort study was approved by the 
Regional Ethics Committee of West China Hospi-
tal, Sichuan University (approval no. 2022–1545). We 
reviewed the records of 1068 patients with neck frac-
ture who were hospitalized at the Joint Surgery Center 
of West China Hospital from January 2003 to Novem-
ber 2019 for eligibility. Patients who underwent total hip 
replacement after the failure of internal fixation for neck 
fracture were included. The exclusion criteria included: 
infection after internal fixation, pathological fracture or 
other complications affecting hip function, loss during 
follow-up after surgery, or death unrelated to surgery.

The clinical, radiographic, and surgical data of the 
included patients were retrospectively evaluated. Inter-
nal fixation in these patients after femoral neck fracture 

involved intramedullary nails, dynamic hip screws, can-
nulated screws, and anatomical steel plates as Fig.  1 
shows. The indication for THA was a failure of internal 
fixation after femoral neck fracture leading to femoral 
head necrosis, bone nonunion, or traumatic arthritis 
resulting in severe pain, stiffness, claudication, and diffi-
culty in walking and daily activities.

All patients used cementless prostheses and a variety 
of acetabular components (size: 46#–62#) and femoral 
stalks (size: 8#–6#) produced by Depuy or Stryker Ortho-
pedics Company, as detailed in the Table 1. Bearing sur-
faces in our research include ceramic to ceramic, ceramic 
to polyethylene, and ceramic to high crosslinked polyeth-
ylene selected according to the patients’ situation. The 
operation is performed by five senior joint surgeons, who 
perform over 200 joint replacement operations every 
year, and their surgical skills are quite skilled.

For THA, all patients underwent general anesthesia 
and were placed in the contralateral decubitus position 
through the posterolateral approach as described [16]. 
A longitudinal incision was made on the outside of the 
hip to cut through the skin, subcutaneous tissue, and 
joint capsule. The internal fixation was removed, then the 
acetabulum was shaped to prepare for the placement of 
acetabular prosthesis and lining. The femoral head was 
taken out after osteotomy, then the medullary cavity was 
expanded to place a femoral handle of appropriate size 
and the corresponding femoral head. After hip reduc-
tion, the range of motion and stability was checked in all 
directions, followed by repeated washing and layer-by-
layer suture of the surgical incision. Following anesthesia, 
patients underwent a guided ankle plantar flexion/exten-
sion exercise. Patients gradually began functional exer-
cise of quadriceps femoris in bed, walking with a walking 
aid, and weight-bearing walking.

All patients underwent standardized surgical proce-
dures and perioperative management involving perio-
perative antibiotics, postoperative anticoagulation, ice 
bags on wounds, and pneumatic compression with foot 
pumps.

Clinical evaluation
The medical and surgical records were reviewed for data 
on intraoperative blood loss, hospitalization time, 1-year 
postoperative mortality, all-cause reoperation, and post-
operative complications. Patients attended follow-up vis-
its at 6 weeks, 3 months, 6 months and 12 months, then 
once yearly thereafter. Harris hip score (HHS) was used 
to evaluate hip function. Postoperative complications 
were recorded, which included dislocation, loosening, 
infection, and fracture around the prosthesis.
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Radiologic evaluation
A standard radiographic assessment that included anter-
oposterior radiographs of the pelvis and anteroposterior 
and lateral radiographs of the hip was performed by a 
trained radiographer. The radiological evaluation was 
conducted by two independent observers. The locations 
of anteroposterior radiographs were classified accord-
ing to three zones for the acetabulum and seven zones as 
described [19]. The loosening and osteointegration of the 
femoral component were evaluated in accordance with 
the Engh standard and were classified as bone ingrown, 
fibrous stable, or loose [20]. Subsidence of the femoral 

component was defined as described [21]. An acetabu-
lar component was considered unstable when there was 
a circumferential radiosclerotic line of > 2 mm in width, 
migration of > 2  mm based on a teardrop reference, or 
a change > 5° in inclination or anteversion as described 
[22].

Statistical analysis
Continuous data were presented as mean and standard 
deviation if normally distributed, or as mean and quar-
tile spacing if skewed, while categorical data were pre-
sented as frequency and percentage. Differences between 
patients older than 55  years (hereafter “older”) or those 
55 years or younger (hereafter “younger”) were assessed 
for significance using the independent-samples Student’s 
t test in the case of normally distributed continuous data, 
Mann–Whitney U test in the case of skewed continuous 
data, or chi-squared or Fisher’s exact tests in the case of 
categorical data.

Survival after THA was assessed using the Kaplan–
Meier method, where the endpoint of survival was 
defined as prosthesis revision for infection, radio-
graphic loosening, or any type of failure of prosthetic 
component(s). Survival curves were compared using the 
Mantel-Cox log-rank test.

Fig. 1 The internal fixation including dynamic hip screws (A), intramedullary nails (B), anatomical steel plates (C) and cannulated screws (D) after 
femoral neck fracture

Table 1 Implant description

Position Implant Company

Acetabular prosthesis Pinnacle DePuy Synthes

Tridengt Stryker

Femoral stalk Summit DePuy Synthes

Trilock DePuy Synthes

Corail DePuy Synthes

AML DePuy Synthes

Solution DePuy Synthes

Accolade Stryker
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Statistical significance was defined as two-tailed 
P < 0.05. All statistical analyses were performed using 
SPSS 28.0 (IBM, Chicago, IL, USA).

Results
Of the 1068 hospitalized patients with failed internal fix-
ation of femoral neck fracture whom we screened for eli-
gibility, 370 underwent THA. Of these, 11 were excluded 
because of infection after internal fixation, six because of 
pathological fracture or other complications affecting hip 
function, and eight because they were lost to follow-up. 
In the end, 345 patients (171 males) were included in the 
analysis, with mean age of 53.9 years (Fig. 2). The mean 
follow-up was 6 years. Younger patients (n = 175), defined 
as those no older than 55 years were defined as one group 
and compared to the remaining patients older than 
55  years (n = 170). There was no significant difference 
in body mass index, other baseline clinicodemographic 

characteristics, or follow-up time between the two 
groups (Table 2).

Across all patients, HHS was significantly greater 
at last follow-up than preoperatively (89.2 ± 5.0 vs. 
41.2 ± 6.1, p < 0.001, Table  3). HHS improved signifi-
cantly in the separate groups of younger and older 
patients, but HHS at final follow-up was significantly 
higher in younger patients. The imaging before and after 
operation also showed joint structure after operation 
improved (Fig. 3). Younger patients were hospitalized for 
significantly shorter time than older patients (8.5 ± 4.1 
vs. 9.5 ± 4.6  days, p = 0.036) and underwent THA sig-
nificantly sooner after internal fixation (4.4 ± 4.7 vs. 
6.8 ± 6.6  years, p < 0.001). The two groups did not differ 
significantly in intraoperative bleeding during THA.

Across all patients, five experienced dislocation, three 
aseptic loosening, three surgical site infection, one pros-
thesis fracture, and two periprosthetic fracture (Table 4). 
The rate of postoperative complications was similar 

Fig. 2 Flow diagram demonstrating methods to assess effect of salvage total hip arthroplasty after failed internal fixation of femoral neck fracture
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between the two groups. No death occurred within 1 year 
after surgery in either group. During follow-up, five 

patients (1.45%) needed revision surgery: three younger 
patients and two older ones. The 14-year survival rate did 

Table 2 Patient demographic characteristics

Data are presented as n (%) or mean ± standard deviation, unless otherwise noted. THA total hip arthroplasty

*Some patients were not counted because of missing data

Characteristic All patients Younger patients (≤ 55 years) Older patients (> 55 years) p

Number of hips 345 175 170

Age 53.9 ± 13.8* 43.1 ± 9.3 65.1 ± 7.2 < 0.001

Sex 0.008

 Male 171 (49.6) 99 (56.6) 72 (42.4)

 Female 174 (50.4) 76 (43.4) 98 (57.6)

BMI, kg/m2 0.250

 < 18.5 22 (6.9) 15 (9.1) 7 (4.5) 0.091

 18.5–24.9 225 (70.1) 109 (66.1) 116 (74.4) 0.246

 25.0–29.9 67 (20.9) 36 (21.8) 31 (19.9) 0.583

 ≥ 30.0 7 (2.2) 5(3.0) 2 (1.3) 0.468

Follow-up duration, mo. 73.6 ± 34.4 72.3 ± 33.9 75.1 ± 35.0 0.455

Reason for THA* 0.003

 Nonunion 48 (16.3) 24 (17.1) 24 (15.5) 0.914

 Femoral head necrosis 210 (71.2) 105 (75.0) 105 (67.7) 0.737

 Posttraumatic osteoarthritis 37 (12.5) 11 (7.9) 26 (16.8) 0.007

Comorbidities 0.180

 Hypertension 63 (48.5) 10 (43.5) 53 (49) < 0.001

 Diabetes 26 (20) 5 (21.7) 21 (19.6) < 0.001

 Cerebrovascular disease 5 (3.8) 0 (0.00) 5 (4.7) 0.067

 Cardiovascular disease 14 (10.8) 2 (8.7) 12 (11.2) 0.005

 Venous thromboembolism 5 (3.8) 3 (13) 2 (1.9) 1.000

 Pulmonary disease 7 (5.4) 0 (0.00) 7 (6.5) 0.020

 Chronic kidney disease 10 (7.7) 3 (13) 7 (6.5) 0.313

Type of internal fixation* 0.077

 Intramedullary nail 3 (0.9) 2 (1.1) 1 (0.6) 1.000

 Dynamic hip screw 20 (5.8) 6 (3.4) 14 (8.2) 0.056

 Cannulated screw 217 (62.9) 115 (65.7) 102 (60.0) 0.272

 Anatomic plate 22 (6.4) 15 (8.6) 7 (4.1) 0.091

Table 3 Perioperative indicators and Harris hip scores in patients after salvage THA

Values are mean ± standard deviation, unless otherwise noted. THA total hip arthroplasty

Indicator/variable All patients (n = 345) Younger patients 
(n = 175)

Older patients (n = 170) p

Time between initial internal fixation 
and THA, years

5.5 ± 5.9 4.4 ± 4.7 6.8 ± 6.6 < 0.001

Blood loss, mL 188.6 ± 172.2 193.0 ± 171.9 183.5 ± 172.9 0.634

Length of hospital stay, days 9.0 ± 4.4 8.5 ± 4.1 9.5 ± 4.6 0.036

HHS

 Before THA 41.2 ± 6.1 39.9 ± 5.9 42.6 ± 6.0 < 0.001

 At last follow-up 89.2 ± 5.0 90.2 ± 4.4 88.1 ± 5.3 < 0.001
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not differ significantly between the two groups (96.8 vs. 
93.2%; p = 0.632; Fig. 4).

Discussion
In this retrospective cohort study, we investigated the 
mid- to long-term outcomes of salvage THA following 
failed internal fixation to treat femoral neck fracture. 
We also compared the outcomes between younger and 
older patients, given that few young patients have been 
included in previous studies of salvage THA. Our results 

suggest that salvage THA is well tolerated and can lead 
to good rates of postoperative survival without difference 
in different age groups. Our findings add to the growing 
body of evidence highlighting THA as a safe and effective 
rescue strategy in the event that internal fixation fails.

Whether age influences the outcomes of primary THA 
is controversial: some studies have concluded that it does 
not [23–25], while others have associated younger age 
with greater functional improvement [26–28]. A pro-
spective, multicenter study of 7934 patients associated 

Fig. 3 The imaging showing joint structure before and after operation. A Necrosis of femoral head after internal fixation of femoral fracture in 
Group I (anteroposterior film); B Total hip arthroplasty (THA) after internal fixation of femoral neck fracture in Group I (the last follow-up); C Necrosis 
of femoral head after internal fixation of femoral fracture in Group II (anteroposterior film); D THA after internal fixation of femoral neck fracture in 
Group II (the last follow-up)

Table 4 Outcomes after salvage THA

Values are n (%), unless otherwise noted. THA total hip arthroplasty

Outcome All patients (n = 345) Younger patients (n = 175) Older patients (n = 170) p

Death within 1 year after surgery 0 0 0 –

THA-related readmission 13 (3.8) 7 (4.0) 6 (3.5) 0.818

Revision surgery for any reason 5 (1.4) 3 (1.7) 2 (1.2) 1.000

Complications

 Dislocation 5 (1.4) 4 (2.3) 1 (0.6) 0.385

 Aseptic loosening 3 (0.9) 2 (1.1) 1 (0.6) 1.000

 Operative site infection 3(0.9) 2 (1.1) 1 (0.6) 1.000

 Prosthesis fracture 1 (0.3) 0 (0) 1 (0.6) 0.493

 Periprosthetic fracture 2 (0.6) 1 (0.6) 1 (0.6) 1.000
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younger age (no older than 55  years) with significantly 
better functional scores following unilateral primary 
THA, but the difference was not clinically important [29]. 
Analogously, we found here that younger age was asso-
ciated with higher HHS after salvage THA in younger 
patients than older ones, but the difference, while statis-
tically significant, did not exceed the minimal clinically 
important difference [29]. Additional prospective, multi-
center cohort studies are needed to assess the influence 
of age on outcomes of salvage THA after failed internal 
fixation.

We measured quite high survival without complica-
tions after salvage THA, similar to numerous previous 
studies of patients in whom internal fixation failed and 
who were followed up for similarly long periods as our 
cohort [30–35]. Our work substantially extends the lit-
erature by showing that such high survival and low com-
plication rates apply to younger and older patients alike. 
In fact, complication-free survival after salvage THA 
in both age groups appears to be comparable to that in 
patients undergoing primary total hip replacement [36]. 
These results suggest that after internal fixation failure, 

salvage THA can replace the failed femoral neck, trans-
fer stress, and substitute adequately for femoral neck 
function.

In theory, elderly patients would have significant 
physiological and psychological changes compared with 
young patients [37]. And the higher revision rate asso-
ciated with non-cemented prosthesis is mainly due to 
the increased risk of early periprosthetic fractures, as 
reported [38]. However, in order to strictly control post-
operative complications, our center follow up patients 
regularly, provide treatment contrapuntally and moni-
toring osteoporosis patients continuously. The incidence 
rate of periprosthetic fractures in older group is only 
0.59%, which have no difference from the younger. There-
fore, we speculate that strict complication-control may 
be the reason why we did not find a difference in survival 
rates between elderly and young patients. Further con-
firmed reasons require in-depth research and analysis 
next step.

The slightly higher incidence of some complications 
among younger than older patients in our cohort may 
reflect the generally higher physical activity among 

Fig. 4 Kaplan–Meier survival free from revision surgery after THA in Group I and Group II. Group I stands for patients who are 55 years old and 
younger than 55 years old, and Group II stands for patients who are older than 55 years old
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young people. For instance, 2.29% of our younger 
patients experienced dislocation, compared with only 
0.59% of older patients. Younger age has been linked 
to greater risk of dislocation [39, 40]. Future studies 
should explore this age-dependent risk of dislocation, 
especially since more than 60% of patients who suffer 
one dislocation will suffer another, and over half will 
require revision surgery [41].

After the age of 55, there are significant physical 
and psychological changes for both men and women. 
Therefore, we believe that 55  years old is age juncture 
that can distinguish the outcomes of salvage total hip 
arthroplasty (THA). To the best of our knowledge, ours 
is the first study to analyze the efficacy of salvage THA 
in patients under 55 years after failed internal fixation 
of femoral neck fracture. At the same time, our study 
has some limitations. First, it involved retrospective 
analysis of patients from a single center. Second, our 
younger and older patients differed substantially in sex 
distribution and comorbidity burden, which may have 
confounded our analysis. Third, some patients in our 
study underwent salvage THA because of nonunion, 
post traumatic arthritis, and femoral head osteonecro-
sis, which involve different pathologies; this may have 
introduced heterogeneity and confounding into our 
analysis. Similarly, the multi-year lag between internal 
fixation and salvage THA may reflect the influence of 
age but also potentially numerous other variables, such 
as socioeconomic and lifestyle factors.

Despite these limitations, our study provides strong 
evidence that following the failure of internal fixation 
to treat femoral neck fracture, salvage THA can effec-
tively improve function in younger and older patients, 
with low risk of complications in the mid- to long-term.

Acknowledgements
We would like to thank the surgeons, nurses, and research staff at our joint 
center for their support.

Author contributions
HPL and NZ: drafted the work and provided critical revision for important 
intellectual content. HPL, JC, and TXL: performed data collection, analysis, 
and interpretation. HX, KZ, and EZZ: participated in final approval of the ver-
sion to be published. ZKZ: contributed to the conception and design of the 
study, and revised the manuscript. All authors read and approved the final 
manuscript.

Funding
This study was supported by the Post-Doctoral Research Project at West China 
Hospital of Sichuan University (2020HXBH009), Key Research & Develop-
ment Program of the Science & Technology Department of Sichuan Province 
(2021YFS0125), Regional Innovation & Cooperation Program of the Science 
&Technology Department of Sichuan Province (2021YFQ0028), and West 
China Nursing Discipline Development Special Fund Project at Sichuan Uni-
versity (HXHL20003). The funders had no role in study design, data collection, 
data analysis, decision to publish, or preparation of the manuscript.

Declarations

Ethics approval and consent to participate
The hospital’s institutional review board approved the study. A statement 
of the location where the work was performed: the work was performed in 
Department of Orthopaedic surgery, West China Hospital, Sichuan University.

Competing interests
The authors declare no competing interests.

Received: 31 January 2023   Accepted: 4 May 2023

References
 1. Sekeitto AR, Sikhauli N, van der Jagt DR, Mokete L, Pietrzak JRT. The man-

agement of displaced femoral neck fractures: a narrative review. EFORT 
Open Rev. 2021;6(2):139–44.

 2. Liodakis E, Antoniou J, Zukor DJ, Huk OL, Epure LM, Bergeron SG. 
Major complications and transfusion rates after hemiarthroplasty 
and total hip arthroplasty for femoral neck fractures. J Arthroplasty. 
2016;31(9):2008–12.

 3. Haentjens P, Autier P, Barette M, Boonen S. The economic cost of hip 
fractures among elderly women. A one-year, prospective, observational 
cohort study with matched-pair analysis. Belgian hip fracture study 
group. J Bone Jt Surg Am. 2001;83(4):493–500.

 4. Liporace F, Gaines R, Collinge C, Haidukewych GJ. Results of internal fixa-
tion of Pauwels type-3 vertical femoral neck fractures. J Bone Jt Surg Am. 
2008;90(8):1654–9.

 5. Baitner AC, Maurer SG, Hickey DG, Jazrawi LM, Kummer FJ, Jamal J, et al. 
Vertical shear fractures of the femoral neck. A biomechanical study. Clin 
Orthop Relat Res. 1999;367:300–5.

 6. Aminian A, Gao F, Fedoriw WW, Zhang LQ, Kalainov DM, Merk BR. Verti-
cally oriented femoral neck fractures: mechanical analysis of four fixation 
techniques. J Orthop Trauma. 2007;21(8):544–8.

 7. Johnson JP, Kleiner J, Goodman AD, Gil JA, Daniels AH, Hayda RA. Treat-
ment of femoral neck fractures in patients 45–64 years of age. Injury. 
2019;50(3):708–12.

 8. Slobogean GP, Sprague SA, Scott T, Bhandari M. Complications following 
young femoral neck fractures. Injury. 2015;46(3):484–91.

 9. Slobogean GP, Stockton DJ, Zeng B, Wang D, Ma BT, Pollak AN. Femoral 
neck fractures in adults treated with internal fixation: a prospective multi-
center chinese cohort. J Am Acad Orthop Surg. 2017;25(4):297–303.

 10. Della Rocca GJ. Gaps and opportunities in the management of the young 
femoral neck fracture. Injury. 2015;46(3):515–8.

 11. Stockton DJ, O’Hara LM, O’Hara NN, Lefaivre KA, O’Brien PJ, Slobogean GP. 
High rate of reoperation and conversion to total hip arthroplasty after 
internal fixation of young femoral neck fractures: a population-based 
study of 796 patients. Acta Orthop. 2019;90(1):21–5.

 12. Pei F, Zhao R, Li F, Chen X, Guo K, Zhu L. Osteonecrosis of femoral head 
in young patients with femoral neck fracture: a retrospective study 
of 250 patients followed for average of 7.5 years. J Orthop Surg Res. 
2020;15(1):238.

 13. Moon NH, Shin WC, Kim JS, Woo SH, Son SM, Suh KT. Cementless total hip 
arthroplasty following failed internal fixation for femoral neck and inter-
trochanteric fractures: a comparative study with 3–13 years’ follow-up of 
96 consecutive patients. Injury. 2019;50(3):713–9.

 14. Yun A, Qutami M, Pasko KBD. Salvage of failed femoral neck fracture 
fixation with conversion total hip arthroplasty using the direct anterior 
approach. Hip Pelvis. 2020;32(4):199–206.

 15. Ryan SP, DiLallo M, Attarian DE, Jiranek WA, Seyler TM. Conversion vs 
primary total hip arthroplasty: increased cost of care and perioperative 
complications. J Arthroplasty. 2018;33(8):2405–11.

 16. Yang Z, Liu H, Xie X, Tan Z, Qin T, Kang P. total hip arthroplasty for 
failed internal fixation after femoral neck fracture versus that for acute 
displaced femoral neck fracture: a comparative study. J Arthroplasty. 
2015;30(8):1378–83.



Page 9 of 9Lu et al. Journal of Orthopaedic Surgery and Research          (2023) 18:341  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Robinson CM, Court-Brown CM, McQueen MM, Christie J. Hip fractures 
in adults younger than 50 years of age. Epidemiology and results. Clin 
Orthop Relat Res. 1995;312:238–46.

 18. Augat P, Bliven E, Hackl S. Biomechanics of femoral neck fractures and 
implications for fixation. J Orthop Trauma. 2019;33(Suppl 1):S27-s32.

 19. DeLee JG, Charnley J. Radiological demarcation of cemented sockets in 
total hip replacement. Clin Orthop Relat Res. 1976;121:20–32.

 20. Engh CA, Massin P, Suthers KE. Roentgenographic assessment of the 
biologic fixation of porous-surfaced femoral components. Clin Orthop 
Relat Res. 1990;257:107–28.

 21. Heekin RD, Engh CA, Herzwurm PJ. Fractures through cystic lesions of 
the greater trochanter. A cause of late pain after cementless total hip 
arthroplasty. J Arthroplasty. 1996;11(6):757–60.

 22. Kawamura H, Dunbar MJ, Murray P, Bourne RB, Rorabeck CH. The porous 
coated anatomic total hip replacement. A ten to fourteen-year follow-
up study of a cementless total hip arthroplasty. J Bone Jt Surg Am. 
2001;83(9):1333–8.

 23. Jones CA, Voaklander DC, Johnston DW, Suarez-Almazor ME. The effect of 
age on pain, function, and quality of life after total hip and knee arthro-
plasty. Arch Intern Med. 2001;161(3):454–60.

 24. MacWilliam CH, Yood MU, Verner JJ, McCarthy BD, Ward RE. Patient-
related risk factors that predict poor outcome after total hip replacement. 
Health Serv Res. 1996;31(5):623–38.

 25. Weber M, Craiovan B, Woerner ML, Schwarz T, Grifka J, Renkawitz TF. Pre-
dictors of outcome after primary total joint replacement. J Arthroplasty. 
2018;33(2):431–5.

 26. Smith GH, Johnson S, Ballantyne JA, Dunstan E, Brenkel IJ. Predictors of 
excellent early outcome after total hip arthroplasty. J Orthop Surg Res. 
2012;7:13.

 27. Nilsdotter AK, Petersson IF, Roos EM, Lohmander LS. Predictors of patient 
relevant outcome after total hip replacement for osteoarthritis: a pro-
spective study. Ann Rheum Dis. 2003;62(10):923–30.

 28. Nilsdotter AK, Lohmander LS. Age and waiting time as predictors of 
outcome after total hip replacement for osteoarthritis. Rheumatology 
(Oxford). 2002;41(11):1261–7.

 29. Singh JA, Schleck C, Harmsen S, Lewallen D. Clinically important improve-
ment thresholds for Harris Hip Score and its ability to predict revision 
risk after primary total hip arthroplasty. BMC Musculoskelet Disord. 
2016;17:256.

 30. Oztürkmen Y, Karamehmetoğlu M, Azboy I, Açikgöz I, Caniklioğlu M. 
Comparison of primary arthroplasty with early salvage arthroplasty after 
failed internal fixation for displaced femoral neck fractures in elderly 
patients. Acta Orthop Traumatol Turc. 2006;40(4):291–300.

 31. Blomfeldt R, Törnkvist H, Ponzer S, Söderqvist A, Tidermark J. Displaced 
femoral neck fracture: comparison of primary total hip replacement with 
secondary replacement after failed internal fixation: a 2-year follow-up of 
84 patients. Acta Orthop. 2006;77(4):638–43.

 32. McKinley JC, Robinson CM. Treatment of displaced intracapsular hip 
fractures with total hip arthroplasty: comparison of primary arthroplasty 
with early salvage arthroplasty after failed internal fixation. J Bone Jt Surg 
Am. 2002;84(11):2010–5.

 33. Leonardsson O, Rogmark C, Kärrholm J, Akesson K, Garellick G. Outcome 
after primary and secondary replacement for subcapital fracture of the 
hip in 10 264 patients. J Bone Jt Surg Br. 2009;91(5):595–600.

 34. Ferguson RJ, Palmer AJ, Taylor A, Porter ML, Malchau H, Glyn-Jones S. Hip 
replacement. Lancet. 2018;392(10158):1662–71.

 35. Chang JS, Haddad FS. Long-term survivorship of hip and knee arthro-
plasty. Bone Jt J. 2020;102-b(4):401–2.

 36. Ayers DC, Yousef M, Zheng H, Yang W, Franklin PD. Do patient outcomes 
vary by patient age following primary total hip arthroplasty? J Arthro-
plasty. 2022;37(7s):S510–6.

 37. Zhang XW, Liu ZH, Hu XW, Yuan YQ, Bai WJ, Wang XF, et al. Androgen 
replacement therapy improves psychological distress and health-related 
quality of life in late onset hypogonadism patients in Chinese population. 
Chin Med J-Peking. 2012;125(21):3806–10.

 38. Piolanti N, Neri E, Bonicoli E, Parchi PD, Marchetti S, Manca M, et al. Use 
of a plasma-sprayed titanium-hydroxyapatite femoral stem in hip arthro-
plasty in patients older than 70 years. Is cementless fixation a reliable 
option in the elderly? J Clin Med. 2021. https:// doi. org/ 10. 3390/ jcm10 
204735.

 39. Rowan FE, Benjamin B, Pietrak JR, Haddad FS. Prevention of dislocation 
after total hip arthroplasty. J Arthroplasty. 2018;33(5):1316–24.

 40. Esposito CI, Gladnick BP, Lee Y-y, Lyman S, Wright TM, Mayman DJ, et al. 
Cup position alone does not predict risk of dislocation after hip arthro-
plasty. J Arthroplasty. 2015;30(1):109–13.

 41. Kotwal RS, Ganapathi M, John A, Maheson M, Jones SA. Outcome of treat-
ment for dislocation after primary total hip replacement. J Bone Jt Surg 
Ser B. 2009;91(3):321–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/jcm10204735
https://doi.org/10.3390/jcm10204735

