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Abstract 

Background

The treatment of displaced femoral neck fractures in patients aged 60–80 years old 

remains controversial. Arthroplasty has been reported to have lower complication 

rates than internal fixation (IF). However, less is known about the outcomes as per-

ceived by the patient. The aim of the present study (the cross-sectional study) was to 

evaluate the patient-reported outcome measures (PROMs) of patients aged 60–80 

years old with femoral neck fractures treated with IF or total hip arthroplasty (THA).

Methods

We investigated 92 patients affected by displaced femoral neck fractures who were 

treated between January 2015 and September 2022. Forty-eight patients were 

treated with IF, and 44 patients with THA. The outcomes were Harris Hip Score 

(HHS), Hip Disability and Osteoarthritis Outcome Score (HOOS), Japanese Ortho-

paedic Association Hip-Disease Evaluation Questionnaire (JHEQ), visual analogue 

scale (VAS) for pain, and VAS for patient satisfaction at 12 months postoperatively. 

Complications and reoperations were continuously monitored.

Results

The mean patient age was 68.1 ± 6.6 years. HHS, all dimensions of the HOOS and 

JHEQ scores, VAS for pain, and VAS for patient satisfaction at 12 months were sig-

nificantly superior in the THA group compared to the IF group. All outcome measures 

were superior in the THA group, with mean differences exceeding their respective 

minimal clinically important differences or minimal detectable changes at 12 months. 

The rate of major reoperations was significantly higher in the IF group (14.5%) than 

the THA group (2.2%).
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Conclusion

We found that patients aged 60–80 years old who underwent THA for displaced fem-

oral neck fractures experienced better outcomes, including PROMs, than those who 

underwent IF. Furthermore, THA resulted in fewer reoperations than IF.

Introduction

Elderly patients with displaced femoral neck fractures are usually operated with 
arthroplasty due to lower complication rates and better functional outcomes 
compared to internal fixation (IF) [1–6]. Age, comorbidities, patient independence, 
and potential surgical complications must be considered when choosing between 
total hip arthroplasty (THA) and hemiarthroplasty. Previous studies have sug-
gested that THA results in better patient-reported outcome measures (PROMs) 
than hemiarthroplasty in elderly patients [7,8]. However, for patients aged 60–80 
years old, the decision between IF and arthroplasty remains controversial [9–13]. 
Most femoral neck fractures in patients aged 60–80 years old occur as a result of 
low-energy trauma; moreover, these patients have symptomatic comorbidities that 
may increase the risk of failed IF [14–16]. For patients younger than 60 years old, 
preservation of the femoral head and IF are the main concerns [17–19]. IF is less 
invasive than arthroplasty but has a higher reoperation rate [20]. Furthermore, 
the risk of complications is even higher in salvage surgery after failed IF [21–23]. 
The commonly used endpoints for reoperation represent potential consequences 
of unsuccessful treatment. However, PROMs for femoral neck fractures have not 
been fully evaluated [10–13,24,25], and there are few studies on disease-specific 
PROMs of femoral neck fractures [11]. Therefore, we investigated outcomes after 
displaced femoral neck fractures in patients between 60 and 80 years old treated 
by IF or THA.

Materials and methods

Study population

The study protocol was approved by our hospital’s Institutional Review Board (AMU 
24004). All participants provided written informed consent. We accessed the data for 
research purposes on May 17, 2024. This retrospective study included 133 patients 
treated for femoral neck fractures between January 2015 and September 2022. This 
study was conducted at two hospitals: one is a university hospital that has more THA 
cases, and the other is a local hospital that has more IF cases. Inclusion criteria for 
this study were acute displaced femoral neck fractures (Grade Ⅲ or Ⅳ using Gar-
den classification [26]), age between 60 and 80 years old, normal cognitive function 
(mini-mental test score of > 24 [27]), and independent ambulation before the injury. 
The minimum follow-up was one year. Exclusion criteria were a femoral neck frac-
ture older than 7 days, concomitant pelvic or lower extremity fracture, an expected 
life span of < 12 months as judged by the surgeon, an American Society of Anesthe-
siologists (ASA) grade of 4 or 5 [28], an amputated lower extremity, neuromuscular 
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diseases, or pathological hip fracture. Patients were allocated into the IF or THA groups depending on treatment (48 and 
44 patients, respectively, Fig 1).

Patients were prioritized for surgery no later than 48 hours after admission. IF was carried out with the patient on a 
fracture table. The fractures were reduced by closed manipulation using an image intensifier. After the reduction, IF was 
achieved using Pinloc [29,30]. Pinloc was developed to provide mechanical stability for rotational displacement during 
fracture healing. Pinloc consists of three cylindrical parallel pins with hooks, which are connected through a fixed angle 
interlocking plate. Radiographic analysis was performed for all patients using follow-up radiographs. Reduction quality 
was measured according to the Garden classification and was classified as acceptable (within the range of 155–180° in 
both anteroposterior and lateral radiographs), and borderline to unacceptable (< 155 or > 180° in either view). Loss of frac-
ture reduction was defined as greater than 20° change in angulation and/or greater than 5 mm translation in AP or lateral 
views.

THA was carried out using the posterolateral approach with the patient in the lateral decubitus position. All femoral 
components were cemented. Twelve patients received 4-U (Nakashima Medical Co., Japan [31,32]) and 32 CMK Origi-
nal Concept Stem (Zimmer Biomet, Warsaw, IN, USA). All acetabular components were uncemented. There were eight 
4-U cups (Nakashima Medical Co., Japan), four GS cups (Nakashima Medical Co., Japan), 20 Continuum cups (Zimmer 
Biomet, Warsaw, IN, USA), and 12 G7 cups (Zimmer Biomet, Warsaw, IN, USA). A prosthetic femoral head diameter of 
32 mm or dual mobility cup was utilized. Surgeons used a 32 mm head in the periods from January 2015 to February 2017 
and from October 2018 to September 2022, whereas they used dual mobility cup from March 2017 to September 2018 
in most of the cases. All patients received perioperative antibiotic prophylaxis and anticoagulation prophylaxis. In both 
groups, early mobilization and full weight-bearing were allowed.

The patients were interviewed about their mobility, activities of daily living, living conditions, and comorbidity during 
the last week before the fracture. They attended clinical and radiological reviews at 12 months. We assessed hip func-
tion according to Harris Hip Score (HHS) and assessed PROMs according to the Hip Disability and Osteoarthritis Out-
come Score (HOOS), and Japanese Orthopaedic Association Hip-Disease Evaluation Questionnaire (JHEQ) [33–35]. 
HHS is a surgeon-administered measurement for assessing hip function. HHS includes sections on pain (0–44 points), 
function (0–47 points), absence or presence of deformity (0–4 points), and passive range of motion (0–5 points), and 
is scored from 0 (worst) to 100 (best). Postoperative scores greater than 70 are considered fair, scores greater than 80 
are considered good, and scores greater than 90 are considered excellent. There are two main types of PROMs that are 
distinguished by different levels of focus. Generic instruments are designed to provide a measure of general health for 
any health state, regardless of the presence or absence of illness, disability, or specific symptoms; thus, generic PROMs 
describe a patient’s global health status and are comparable across different conditions. Disease-specific PROMs focus 
on specific symptoms, diseases, organs, body regions, or body functions. Disease-specific PROMs may also be specif-
ically designed to measure the effect of a specific intervention or treatment. The most commonly used disease-specific 
PROM is HOOS, followed by JHEQ. HOOS is based on five subscales that measure pain, symptoms, function in activities 
of daily living, function in sport and recreation, and quality of life. Scores for each subscale are scored from 0 (worst) to 
100 (best). Scores for each subscale greater than 70 are considered fair, scores greater than 80 are considered good, 
and scores greater than 90 are considered excellent. JHEQ is a self-administered questionnaire that includes questions 
related to common Asian-lifestyle situations involving movement such as using a Japanese-style toilet or getting up from 
the floor. The JHEQ is based on three subscales that measure pain, movement, and mental wellbeing. Scores for each 
subscale are scored from 0 (worst) to 28 (best). Minimal clinically important differences (MCIDs) and minimal detectable 
changes (MDCs) were defined according to clinical practice and previously published data [11,36–40]. The MCID for the 
HHS was 10. The MCIDs of HOOS total, pain, symptoms, activities of daily living, sport and recreation, and quality of life 
were 10, 10, 11, 10, 15, and 13, respectively. The MDCs of JHEQ pain, movement, and mental wellbeing were 2.6, 2.0, 
and 2.9, respectively. We also assessed pain and patient satisfaction using visual analogue scales (VAS). Activities of 
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Fig 1.  Flow chart of patients included in the cross-sectional study.

https://doi.org/10.1371/journal.pone.0323106.g001

https://doi.org/10.1371/journal.pone.0323106.g001
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daily living were assessed using University of California-Los Angeles (UCLA) activity scale score [41]. Living conditions 
were categorized as independent or institutionalized. Comorbidities were reported using ASA classification [28]. VAS for 
pain and VAS for patient satisfaction were measured on a 100-point scale, with 0 indicating favorable results (no pain and 
the highest possible satisfaction) and 100 indicating unfavorable results (unbearable pain and the lowest possible satis-
faction). The MCIDs for VAS for pain and VAS for satisfaction were 10 and 10, respectively. Complications and reopera-
tions were recorded. Reoperations were categorized as major or minor. Minor reoperations were defined as the removal 
of screws only, an open reduction of a dislocated THA, or debridement for superficial infection.

Statistical analysis

Data are reported using descriptive statistics, including mean, standard deviation, and range values. For continuous 
variables, normality was assessed using Shapiro-Wilk test, and statistical analysis was performed using paired t-test and 
non-parametric Mann-Whitney U test. Chi-square test was used for analysis of categorical data. P-values of < 0.05 were 
considered significant. All statistical analyses were performed using SPSS version 25 (SPSS Inc., Chicago, IL).

Results

The mean patient age was 68.1 ± 6.6 years old. Mean ages were 68.2 and 68.0 years old for the IF and THA groups, 
respectively. No significant differences were found in sex, mean age, BMI, ASA classification, Charlson comorbidity index 
score, UCLA activity scale score, current smokers, alcohol abuse, residence, mechanism of injury, and ability to walk with 
or without walking aids between the two groups (Table 1). No significant difference was detected in terms of the demo-
graphic data following exclusion between the two hospitals.

Fracture reduction was considered to be acceptable in all 48 patients of the IF group. The mean surgical time for the 
IF group (46.8 min) was significantly lower than the THA group (80.7 min) (p < 0.001). The mean intraoperative blood loss 
for the IF group (15.9 mL) was significantly lower than the THA group (276.2 mL). The need for blood transfusion for the IF 
group was significantly lower (0 hips) than the THA group (14 hips). There were no differences in the rates of postopera-
tive complications between the groups (Table 2).

The rate of reoperation was significantly higher in the IF group (29.1% [14 of 48], with 14.5% having a subsequent 
arthroplasty and 14.5% screw removal) than the THA group (2.2% [1 of 44] having soft tissue debridement for deep infec-
tion) (p < 0.001). Of these, the rate of major reoperations was significantly higher in the IF group (14.5% [7 of 48] having a 
subsequent arthroplasty) than the THA group (2.2% [1 of 44] having soft tissue debridement for deep infection) (p = 0.039) 
(Table 3). Fig 2 illustrates two typical scenarios of IF.

All patients included in this study were routinely followed up. The average length of follow-up was 4.1 ± 2.5 years 
(range, 0.5–8.0 years). Follow up radiography was performed at final follow up evaluation. In the THA group, there were 
no signs of radiological loosening of the components in any of the patients at the final follow up and no patients in the THA 
group underwent a major reoperation from 12 months to final follow up. In the IF group, three patients suffered osteone-
crosis and underwent a major reoperation from 12 months to final follow up.

Outcome measures

Seven patients (14.5%) in the IF group and one patient (2.2%) in the THA group underwent a major reoperation during 
the 12-month period. These patients, who likely had relatively worse functional outcomes and PROMs before reopera-
tion, were not followed up by questionnaire at 12 months (Fig 1). The HHS at 12 months was higher in the THA group 
(87.6 ± 8.5) than the IF group (75.4 ± 18.9) (Table 4). For PROMs, the THA group had better results than the IF group, 
including significantly better scores in all dimensions of the HOOS and JHEQ at 12 months (Table 4). VAS for pain and 
VAS for patient satisfaction at 12 months were significantly superior in the THA group compared to the IF group (Table 4). 
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Table 1.  Demographic data of subjects.

Parameters IF (N = 48) THA (N = 44) p-value

Sex* 0.148

  Male 15 (31.2) 8 (18.1)

  Female 33 (68.7) 36 (81.8)

Age (years)† 68.2 ± 7.0 (60-80) 68.0 ± 6.1 (60-79) 0.871

BMI (kg/m2)† 20.9 ± 2.8 (14.8-31.2) 21.4 ± 3.7 (13.2-31.1) 0.533

ASA classification* 0.458

  1-2 41 (85.4) 35 (79.5)

  3 7 (14.5) 9 (20.4)

Charlson comorbidity index score† 3.6 ± 1.2 (2-6) 3.8 ± 1.1 (2-6) 0.549

UCLA activity scale score† 6.4 ± 1.3 (4-9) 5.9 ± 1.3 (3-9) 0.070

Current smokers* 13 (27.0) 10 (22.7) 0.630

Alcohol abuse* 5 (10.4) 5 (11.3) 0.573

Residence* 0.922

  Living at home 40 (83.3) 37 (84.0)

  Institution 8 (16.6) 7 (15.9)

Fall from standing height* 0.231

  Indoors 17 (35.4) 21 (47.7)

  Outdoors 31 (64.5) 23 (52.2)

Mobility* 0.573

  No walking aids 43 (89.5) 39 (88.6)

  Stick 5 (10.4) 5 (11.3)
*The number of patients with the percentage in parentheses;
†The values are given as the mean and standard deviation with the range in parentheses

IF: Internal fixation; THA: Total hip arthroplasty; BMI: Body mass index; ASA: American Society of Anesthesiologists; UCLA: University of California-Los 
Angeles

https://doi.org/10.1371/journal.pone.0323106.t001

Table 2.  Surgical details.

Parameters IF (N = 48) THA (N = 44) p-value

Surgical time (min)† 46.8 ± 17.2 (25-114) 80.7 ± 15.8 (50-116) <0.001

Intraoperative blood loss (mL)† 15.9 ± 34.9 (0-200) 276.2 ± 121.8 (66-494) <0.001

Need for blood transfusion* 0 (0) 14 (31.8) <0.001

Postoperative complication* 1 (2.0) 2 (4.5) 0.467

  Urinary tract infection 0 (0) 1 (2.2)

  Myocardial infarction 0 (0) 0 (0)

  Pneumonia 1 (2.0) 0 (0)

  Deep vein thrombosis 0 (0) 0 (0)

  Pulmonary embolism 0 (0) 0 (0)

  Dislocation after THA 1 (2.2)
†The values are given as the mean and standard deviation with the range in parentheses;
*The number of patients with the percentage in parentheses

IF: Internal fixation; THA: Total hip arthroplasty

https://doi.org/10.1371/journal.pone.0323106.t002

https://doi.org/10.1371/journal.pone.0323106.t001
https://doi.org/10.1371/journal.pone.0323106.t002
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All outcome measures were superior in the THA group, with mean differences exceeding their respective MCIDs or MDCs 
at 12 months.

Discussion

We investigated the outcomes after displaced femoral neck fractures in patients aged between 60 and 80 years old 
treated by IF or THA. In our study, all outcome measures were superior in the THA group, with mean differences exceed-
ing their respective MCIDs or MDCs at 12 months. THA resulted in less pain, better patient satisfaction, better quality of 
life, and fewer reoperations than IF.

The treatment of displaced femoral neck fractures is controversial [2,9–13,17,18,24,25,42–50]. Treatment is based on 
the patient’s age, functional demand, and individual risk profile. Most studies on this subject focus on complications and 
the need for further surgery rather than function of the hip; thus, the PROMs of femoral neck fractures have not been 
evaluated fully [10–13,24,25]. Especially, there are few studies on disease-specific PROMs of femoral neck fractures [11]. 
Previous studies have reported better results after THA compared to IF in terms of overall surgeon-administered mea-
surements for assessing hip function, function of abductor muscles, and independent ambulation without walking aids 
[9,42,43,48].

In the present study, seven patients (14.5%) in the IF group underwent a major reoperation during the 12 months. This 
is equal to or better than those in most previous studies [10,11,47–50]. The Pinloc was developed to provide better stabil-
ity and, therefore, to decrease the reoperation rate. These patients, who likely had relatively worse functional outcomes 
and PROMs before reoperation, were not followed up by questionnaire at 12 months; thus, this study likely overestimated 
the effects of treatment with IF. When considering only patients with an uneventful postoperative course, functional out-
comes, and PROMs at 12 months after THA were better. According to the current best practice, fracture reduction and 
screw position were optimal in the present study; however, the configuration and the numbers of screws utilized may have 
affected the rate of reoperation following IF. Furthermore, surgeon experience and the quality of reduction may affect 
fracture healing and failure [51,52]. The mean surgical time for the IF group (46.8 min) is comparable with that in previous 
studies [9,11].

Although surgical time and operative blood loss were significantly lower in the IF group, THA resulted in less pain, bet-
ter patient satisfaction, better quality of life, and fewer reoperations than IF. This supports previous studies with displaced 

Table 3.  Reoperations.

Parameters IF (N = 48) THA (N = 44) p-value

Reoperation* 14 (29.1) 1 (2.2) <0.001

  Major reoperation* 7 (14.5) 1 (2.2) 0.039

    Nonunion 5 (10.4)

    Osteonecrosis 2 (4.1)

    Deep infection 0 (0) 1 (2.2)

    Periprosthetic fracture 0 (0)

    Mechanical loosening 0 (0)

    Recurrent dislocation 0 (0)

  Minor reoperation* 7 (14.5) 0 (0) 0.008

    Screw removal 7 (14.5)

    Open reduction 0 (0)

    Superficial infection 0 (0) 0 (0)
*The number of patients with the percentage in parentheses

IF: Internal fixation; THA: Total hip arthroplasty

https://doi.org/10.1371/journal.pone.0323106.t003

https://doi.org/10.1371/journal.pone.0323106.t003
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femoral neck fractures [10,11,13,24,25]. On the other hand, another study did not show any difference in PROMs between 
the IF and THA groups [12].

To the best of our knowledge, no previous clinical studies that examined the disease-specific PROMs of femoral neck 
fractures using JHEQ have been reported. In a study of femoral neck fractures, Bartels et al. reported that a THA group 
had significantly better disease-specific PROMs, including HOOS and Oxford Hip Score, than an IF group [11]. In the 
present study, the THA group had better results than the IF group for disease-specific PROMs, including significantly 

Fig 2.  Two typical scenarios of IF. Immediate postoperative X-ray of a 60-year-old woman with an acute displaced femoral neck fracture treated with 
internal fixation using Pinloc (A) and the corresponding 12-month follow-up X-ray (B), showing fracture healing. Immediate postoperative X-ray of an 
80-year-old man with an acute displaced femoral neck fracture treated with internal fixation using Pinloc (C) and the corresponding 6-month follow-up 
X-ray (D), showing the non-union of femoral neck fracture.

https://doi.org/10.1371/journal.pone.0323106.g002

https://doi.org/10.1371/journal.pone.0323106.g002
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better scores in all dimensions of HOOS and JHEQ scores, which supports the findings of Bartels et al. The disease-
specific PROMs were constructed with items that sensitively detect health status specific to a certain disease. JHEQ 
includes disease-specific PROMs that are associated with common Asian-lifestyle situations requiring movements that 
use deep flexion [35].

Deciding whether to perform IF or THA for the treatment of patients aged 60–80 years old remains controversial and 
there are few previous studies [9–13]. In this age group, the optimal treatment should be individualized depending on the 
fracture pattern, preoperative ambulation, level of independence, disability, and general health status of the patient. Our 
study found better functional outcomes after THA, which supports previous studies with displaced femoral neck fractures 
in this age group [9–11]. On the other hand, other study did not show any difference in PROMs between the IF and THA 
groups in patients aged 60–80 years old [12,13]. The majority of the patients included were relatively young for this cate-
gory, with a mean age of 68.1 years. This may mean that our findings were most valid for patients ≤ 75 years old.

The present study had several limitations. First, the follow-up period was limited to 1 year. The 1 year follow-up may 
have been too short to detect late complications. A longer follow-up could naturally highlight the risk of revision arthroplasty 
in patients who undergo primary IF. Although IF patients may experience late complications and a high-risk rate of revision 
arthroplasty, previous long-term follow-up studies identified few or no late revisions of primary THA [48,50]. Second, we did 
not perform a randomized controlled trial. However, we found no significant difference in baseline characteristics between the 
patient groups. Third, hemiarthroplasty was not taken into account in this study. Hemiarthroplasty has been established as 
the treatment of choice for displaced femoral neck fractures [4,5]; however, it has also been shown to have an unacceptably 
high risk of pain and revision compared with THA when used to treat degenerative osteoarthritis or osteonecrosis of the fem-
oral neck [6,53,54]. This has led to concern that long-term survivors after hip fracture may experience late problems following 
hemiarthroplasty; however, the present study found no evidence to support this. Finally, the higher complication rate in the 
IF group was associated with better PROMs in patients with an uneventful postoperative course, which may impact compari-
sons between the groups. Therefore, this study likely overestimated the effects of treatment with IF.

With less pain, higher satisfaction, higher quality of life, and fewer reoperations, the patients treated with THA had 
better results than the patients treated with IF at 12 months. All outcome measures were superior in the THA group, with 
mean differences exceeding their respective MCIDs or MDCs at 12 months. THA for treatment of displaced femoral neck 

Table 4.  Outcomes.

IF (N = 40) THA (N = 42) IF Versus THA

Parameters Mean ± SD (range) Mean ± SD (range) Mean Diff. (95% CI) p-value

HHS 75.4 ± 18.9 (32-96) 87.6 ± 8.5 (67-100) -12.1 (-18.7 to -5.6) <0.001

HOOS 69.9 ± 17.2 (28.1-86.9) 85.2 ± 9.3 (57.5-100) -15.3 (-21.4 to -9.1) <0.001

HOOS pain 74.5 ± 14.1 (37.5-92.5) 89.7 ± 9.6 (60-100) -15.2 (-20.7 to -9.7) <0.001

HOOS symptoms 70.2 ± 13.1 (25-85) 83.4 ± 9.5 (60-100) -13.2 (-18.2 to -8.1) <0.001

HOOS activities of daily living 73.9 ± 18.9 (20.5-92.6) 86.8 ± 9.2 (60.2-100) -12.8 (-19.5 to -6.1) <0.001

HOOS sport and recreation 49.5 ± 32.5 (0-87.5) 75.8 ± 12.6 (50-100) -26.3 (-37.4 to -15.3) <0.001

HOOS quality of life 61.4 ± 20.7 (0-81.2) 78.4 ± 12.5 (43.7-100) -17.0 (-24.6 to -9.3) <0.001

JHEQ pain 20.3 ± 4.5 (6-24) 25.2 ± 2.5 (21-28) -4.9 (-6.5 to -3.2) <0.001

JHEQ movement 14.8 ± 7.6 (0-25) 18.2 ± 4.7 (11-28) -3.3 (-6.1 to -0.5) 0.021

JHEQ mental 20.3 ± 6.2 (6-28) 23.3 ± 4.0 (15-28) -3.0 (-5.3 to -0.6) 0.012

VAS for pain 33.6 ± 31.3 (5-93) 16.2 ± 8.8 (0-41) 17.4 (7.0 to 27.8) 0.001

VAS for patient satisfaction 32.8 ± 31.2 (5-91) 15.4 ± 8.7 (0-40) 17.3 (7.0 to 27.6) 0.001

IF: Internal fixation; THA: Total hip arthroplasty; HHS: Harris Hip Score; HOOS: Hip Disability and Osteoarthritis Outcome Score; JHEQ: Japanese Or-
thopaedic Association Hip-Disease Evaluation Questionnaire; VAS: Visual analogue scale

https://doi.org/10.1371/journal.pone.0323106.t004

https://doi.org/10.1371/journal.pone.0323106.t004
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fractures significantly reduced the risk of reoperation at the cost of higher surgical time and blood loss compared with IF. 
Future trials comparing IF and THA in patients should include large cohorts and focus on long-term results.

Conclusions

Patients aged between 60 and 80 years old who underwent THA for displaced femoral neck fractures experienced better 
outcomes than those who underwent IF.

Supporting information

S1 Data.  All relevant data. 
(XLSX)

S1 Checklist.  STROBE Statement—Checklist of items that should be included in reports of cross-sectional 
studies. 
(DOCX)

Acknowledgments

The authors declare that they have no acknowledgements to make.

Author contributions

Conceptualization: Ryo Mitsutake, Hiromasa Tanino.

Investigation: Ryo Mitsutake.

Project administration: Ryo Mitsutake.

Resources: Ryo Mitsutake, Hiromasa Tanino, Go Sato, Hiroshi Ito.

Supervision: Hiromasa Tanino.

Writing – original draft: Ryo Mitsutake.

Writing – review & editing: Ryo Mitsutake, Hiromasa Tanino, Go Sato, Hiroshi Ito.

References
	1.	 Gjertsen J-E, Vinje T, Engesaeter LB, Lie SA, Havelin LI, Furnes O, et al. Internal screw fixation compared with bipolar hemiarthroplasty for treat-

ment of displaced femoral neck fractures in elderly patients. J Bone Joint Surg Am. 2010;92(3):619–28. https://doi.org/10.2106/JBJS.H.01750 PMID: 
20194320

	2.	 Dai Z, Li Y, Jiang D. Meta-analysis comparing arthroplasty with internal fixation for displaced femoral neck fracture in the elderly. J Surg Res. 
2011;165(1):68–74. https://doi.org/10.1016/j.jss.2009.03.029 PMID: 19552922

	3.	 Støen RØ, Lofthus CM, Nordsletten L, Madsen JE, Frihagen F. Randomized trial of hemiarthroplasty versus internal fixation for femoral neck frac-
tures: no differences at 6 years. Clin Orthop Relat Res. 2014;472(1):360–7. https://doi.org/10.1007/s11999-013-3245-7 PMID: 23975250

	4.	 Parker MJ, Pryor G, Gurusamy K. Hemiarthroplasty versus internal fixation for displaced intracapsular hip fractures: a long-term follow-up of a ran-
domised trial. Injury. 2010;41(4):370–3. https://doi.org/10.1016/j.injury.2009.10.003 PMID: 19879576

	5.	 Rogmark C, Johnell O. Primary arthroplasty is better than internal fixation of displaced femoral neck fractures: a meta-analysis of 14 randomized 
studies with 2,289 patients. Acta Orthop. 2006;77(3):359–67. https://doi.org/10.1080/17453670610046262 PMID: 16819672

	6.	 Parker MJ, Gurusamy K. Internal fixation versus arthroplasty for intracapsular proximal femoral fractures in adults. Cochrane Database Syst Rev. 
2006;2006(4):CD001708. https://doi.org/10.1002/14651858.CD001708.pub2 PMID: 17054139

	7.	 Burgers PTPW, Van Geene AR, Van den Bekerom MPJ, Van Lieshout EMM, Blom B, Aleem IS, et al. Total hip arthroplasty versus hemiarthroplasty 
for displaced femoral neck fractures in the healthy elderly: a meta-analysis and systematic review of randomized trials. Int Orthop. 2012;36(8):1549–
60. https://doi.org/10.1007/s00264-012-1569-7 PMID: 22623062

	8.	 HEALTH Investigators, Bhandari M, Einhorn TA, Guyatt G, Schemitsch EH, Zura RD, et al. Total hip arthroplasty or hemiarthroplasty for hip fracture. 
N Engl J Med. 2019;381(23):2199–208. https://doi.org/10.1056/NEJMoa1906190 PMID: 31557429

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323106.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0323106.s002
https://doi.org/10.2106/JBJS.H.01750
http://www.ncbi.nlm.nih.gov/pubmed/20194320
https://doi.org/10.1016/j.jss.2009.03.029
http://www.ncbi.nlm.nih.gov/pubmed/19552922
https://doi.org/10.1007/s11999-013-3245-7
http://www.ncbi.nlm.nih.gov/pubmed/23975250
https://doi.org/10.1016/j.injury.2009.10.003
http://www.ncbi.nlm.nih.gov/pubmed/19879576
https://doi.org/10.1080/17453670610046262
http://www.ncbi.nlm.nih.gov/pubmed/16819672
https://doi.org/10.1002/14651858.CD001708.pub2
http://www.ncbi.nlm.nih.gov/pubmed/17054139
https://doi.org/10.1007/s00264-012-1569-7
http://www.ncbi.nlm.nih.gov/pubmed/22623062
https://doi.org/10.1056/NEJMoa1906190
http://www.ncbi.nlm.nih.gov/pubmed/31557429


PLOS One | https://doi.org/10.1371/journal.pone.0323106  May 8, 2025 11 / 13

	 9.	 Wani IH, Sharma S, Latoo I, Salaria AQ, Farooq M, Jan M. Primary total hip arthroplasty versus internal fixation in displaced fracture of femoral 
neck in sexa- and septuagenarians. J Orthop Traumatol. 2014;15(3):209–14. https://doi.org/10.1007/s10195-013-0278-3 PMID: 24385140

	10.	 Bartels S, Gjertsen J-E, Frihagen F, Rogmark C, Utvåg SE. High failure rate after internal fixation and beneficial outcome after arthroplasty in treat-
ment of displaced femoral neck fractures in patients between 55 and 70 years. Acta Orthop. 2018;89(1):53–8. https://doi.org/10.1080/17453674.20
17.1376514 PMID: 28914130

	11.	 Bartels S, Kristensen TB, Gjertsen J-E, Frihagen F, Rogmark C, Dolatowski FC, et al. Total hip arthroplasty leads to better results after low-energy 
displaced femoral neck fracture in patients aged 55 to 70 years: a randomized controlled multicenter trial comparing internal fixation and total hip 
arthroplasty. J Bone Joint Surg Am. 2022;104(15):1341–51. https://doi.org/10.2106/JBJS.21.01411 PMID: 35700073

	12.	 Lagergren J, MÖller M, Rogmark C. Displaced femoral neck fractures in patients 60-69 years old - treatment and patient reported outcomes in a 
register cohort. Injury. 2020;51(11):2652–7. https://doi.org/10.1016/j.injury.2020.08.004 PMID: 32773114

	13.	 Leonardsson O, Rolfson O, Hommel A, Garellick G, Åkesson K, Rogmark C. Patient-reported outcome after displaced femoral neck fracture: a 
national survey of 4467 patients. J Bone Joint Surg Am. 2013;95(18):1693–9. https://doi.org/10.2106/JBJS.L.00836 PMID: 24048557

	14.	 Lofthus CM, Osnes EK, Meyer HE, Kristiansen IS, Nordsletten L, Falch JA. Young patients with hip fracture: a population-based study of bone 
mass and risk factors for osteoporosis. Osteoporos Int. 2006;17(11):1666–72. https://doi.org/10.1007/s00198-006-0176-0 PMID: 16941194

	15.	 Karantana A, Boulton C, Bouliotis G, Shu KSS, Scammell BE, Moran CG. Epidemiology and outcome of fracture of the hip in women aged 65 
years and under: a cohort study. J Bone Joint Surg Br. 2011;93(5):658–64. https://doi.org/10.1302/0301-620X.93B5.24536 PMID: 21511933

	16.	 Al-Ani AN, Neander G, Samuelsson B, Blomfeldt R, Ekström W, Hedström M. Risk factors for osteoporosis are common in young and middle-aged 
patients with femoral neck fractures regardless of trauma mechanism. Acta Orthop. 2013;84(1):54–9. https://doi.org/10.3109/17453674.2013.7656
39 PMID: 23343373

	17.	 Lieberman JR, Romano PS, Mahendra G, Keyzer J, Chilcott M. The treatment of hip fractures: variations in care. Clin Orthop Relat Res. 
2006;442:239–44. https://doi.org/10.1097/01.blo.0000188558.67172.4e PMID: 16394767

	18.	 Damany DS, Parker MJ, Chojnowski A. Complications after intracapsular hip fractures in young adults. A meta-analysis of 18 published studies 
involving 564 fractures. Injury. 2005;36(1):131–41. https://doi.org/10.1016/j.injury.2004.05.023 PMID: 15589931

	19.	 Bhandari M, Swiontkowski M. Management of acute hip fracture. N Engl J Med. 2017;377(21):2053–62. https://doi.org/10.1056/NEJMcp1611090 
PMID: 29166235

	20.	 Upadhyay A, Jain P, Mishra P, Maini L, Gautum VK, Dhaon BK. Delayed internal fixation of fractures of the neck of the femur in young adults. A 
prospective, randomised study comparing closed and open reduction. J Bone Joint Surg Br. 2004;86(7):1035–40. https://doi.org/10.1302/0301-
620x.86b7.15047 PMID: 15446534

	21.	 Blomfeldt R, Törnkvist H, Ponzer S, Söderqvist A, Tidermark J. Displaced femoral neck fracture: comparison of primary total hip replace-
ment with secondary replacement after failed internal fixation: a 2-year follow-up of 84 patients. Acta Orthop. 2006;77(4):638–43. https://doi.
org/10.1080/17453670610012728 PMID: 16929442

	22.	 Frihagen F, Madsen JE, Aksnes E, Bakken HN, Mæhlum T, Walløe A, et al. Comparison of re-operation rates following primary and secondary 
hemiarthroplasty of the hip. Injury. 2007;38(7):815–9. https://doi.org/10.1016/j.injury.2006.09.020

	23.	 Mahmoud SSS, Pearse EO, Smith TO, Hing CB. Outcomes of total hip arthroplasty, as a salvage procedure, following failed internal fixa-
tion of intracapsular fractures of the femoral neck: a systematic review and meta-analysis. Bone Joint J. 2016;98-B(4):452–60. https://doi.
org/10.1302/0301-620X.98B4.36922 PMID: 27037426

	24.	 Keating JF, Grant A, Masson M, Scott NW, Forbes JF. Randomized comparison of reduction and fixation, bipolar hemiarthroplasty, and total hip 
arthroplasty. Treatment of displaced intracapsular hip fractures in healthy older patients. J Bone Joint Surg Am. 2006;88(2):249–60. https://doi.
org/10.2106/JBJS.E.00215 PMID: 16452734

	25.	 Blomfeldt R, Törnkvist H, Ponzer S, Söderqvist A, Tidermark J. Comparison of internal fixation with total hip replacement for displaced femoral neck 
fractures. Randomized, controlled trial performed at four years. J Bone Joint Surg Am. 2005;87(8):1680–8. https://doi.org/10.2106/JBJS.D.02655 
PMID: 16085605

	26.	 Garden RS. Low-angle fixation in fractures of the femoral neck. J Bone Joint Surg Br. 1961;43-B(4):647–63. https://doi.
org/10.1302/0301-620x.43b4.647

	27.	 Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the cognitive state of patients for the clinician. J Psychiatr 
Res. 1975;12(3):189–98. https://doi.org/10.1016/0022-3956(75)90026-6 PMID: 1202204

	28.	 Dripps R. New classification of physical status. Anesthesiology. 1963;24:111.

	29.	 Kalland K, Åberg H, Berggren A, Ullman M, Snellman G, Jonsson KB, et al. Similar outcome of femoral neck fractures treated with Pinloc or Hans-
son Pins: 1-year data from a multicenter randomized clinical study on 439 patients. Acta Orthop. 2019;90(6):542–6. https://doi.org/10.1080/174536
74.2019.1657261 PMID: 31452431

	30.	 Brattgjerd JE, Loferer M, Niratisairak S, Steen H, Strømsøe K. Increased torsional stability by a novel femoral neck locking plate. The role of 
plate design and pin configuration in a synthetic bone block model. Clin Biomech (Bristol). 2018;55:28–35. https://doi.org/10.1016/j.clinbio-
mech.2018.03.024 PMID: 29653317

https://doi.org/10.1007/s10195-013-0278-3
http://www.ncbi.nlm.nih.gov/pubmed/24385140
https://doi.org/10.1080/17453674.2017.1376514
https://doi.org/10.1080/17453674.2017.1376514
http://www.ncbi.nlm.nih.gov/pubmed/28914130
https://doi.org/10.2106/JBJS.21.01411
http://www.ncbi.nlm.nih.gov/pubmed/35700073
https://doi.org/10.1016/j.injury.2020.08.004
http://www.ncbi.nlm.nih.gov/pubmed/32773114
https://doi.org/10.2106/JBJS.L.00836
http://www.ncbi.nlm.nih.gov/pubmed/24048557
https://doi.org/10.1007/s00198-006-0176-0
http://www.ncbi.nlm.nih.gov/pubmed/16941194
https://doi.org/10.1302/0301-620X.93B5.24536
http://www.ncbi.nlm.nih.gov/pubmed/21511933
https://doi.org/10.3109/17453674.2013.765639
https://doi.org/10.3109/17453674.2013.765639
http://www.ncbi.nlm.nih.gov/pubmed/23343373
https://doi.org/10.1097/01.blo.0000188558.67172.4e
http://www.ncbi.nlm.nih.gov/pubmed/16394767
https://doi.org/10.1016/j.injury.2004.05.023
http://www.ncbi.nlm.nih.gov/pubmed/15589931
https://doi.org/10.1056/NEJMcp1611090
http://www.ncbi.nlm.nih.gov/pubmed/29166235
https://doi.org/10.1302/0301-620x.86b7.15047
https://doi.org/10.1302/0301-620x.86b7.15047
http://www.ncbi.nlm.nih.gov/pubmed/15446534
https://doi.org/10.1080/17453670610012728
https://doi.org/10.1080/17453670610012728
http://www.ncbi.nlm.nih.gov/pubmed/16929442
https://doi.org/10.1016/j.injury.2006.09.020
https://doi.org/10.1302/0301-620X.98B4.36922
https://doi.org/10.1302/0301-620X.98B4.36922
http://www.ncbi.nlm.nih.gov/pubmed/27037426
https://doi.org/10.2106/JBJS.E.00215
https://doi.org/10.2106/JBJS.E.00215
http://www.ncbi.nlm.nih.gov/pubmed/16452734
https://doi.org/10.2106/JBJS.D.02655
http://www.ncbi.nlm.nih.gov/pubmed/16085605
https://doi.org/10.1302/0301-620x.43b4.647
https://doi.org/10.1302/0301-620x.43b4.647
https://doi.org/10.1016/0022-3956(75)90026-6
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.1080/17453674.2019.1657261
https://doi.org/10.1080/17453674.2019.1657261
http://www.ncbi.nlm.nih.gov/pubmed/31452431
https://doi.org/10.1016/j.clinbiomech.2018.03.024
https://doi.org/10.1016/j.clinbiomech.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29653317


PLOS One | https://doi.org/10.1371/journal.pone.0323106  May 8, 2025 12 / 13

	31.	 Tanino H, Ito H, Higa M, Omizu N, Nishimura I, Matsuda K, et al. Three-dimensional computer-aided design based design sensitivity analysis and 
shape optimization of the stem using adaptive p-method. J Biomech. 2006;39(10):1948–53. https://doi.org/10.1016/j.jbiomech.2005.05.024 PMID: 
16024025

	32.	 Ito H, Tanino H, Yamanaka Y, Nakamura T, Matsuno T. Hybrid total hip arthroplasty using specifically-designed stems for patients with developmen-
tal dysplasia of the hip. A minimum five-year follow-up study. Int Orthop. 2011;35(9):1289–94. https://doi.org/10.1007/s00264-010-1096-3 PMID: 
20652696

	33.	 Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold arthroplasty. An end-result study using a new 
method of result evaluation. J Bone Joint Surg Am. 1969;51(4):737–55. PMID: 5783851

	34.	 Nilsdotter AK, Lohmander LS, Klässbo M, Roos EM. Hip disability and osteoarthritis outcome score (HOOS)--validity and responsiveness in total 
hip replacement. BMC Musculoskelet Disord. 2003;4:10. https://doi.org/10.1186/1471-2474-4-10 PMID: 12777182

	35.	 Matsumoto T, Kaneuji A, Hiejima Y, Sugiyama H, Akiyama H, Atsumi T, et al. Japanese orthopaedic association hip disease evaluation question-
naire (JHEQ): a patient-based evaluation tool for hip-joint disease. The subcommittee on hip disease evaluation of the clinical outcome committee 
of the Japanese orthopaedic association. J Orthop Sci. 2012;17(1):25–38. https://doi.org/10.1007/s00776-011-0166-8 PMID: 22045450

	36.	 Lyman S, Lee Y-Y, McLawhorn AS, Islam W, MacLean CH. What are the minimal and substantial improvements in the HOOS and KOOS and JR 
versions after total joint replacement? Clin Orthop Relat Res. 2018;476(12):2432–41. https://doi.org/10.1097/CORR.0000000000000456 PMID: 
30179951

	37.	 Seki T, Hasegawa Y, Ikeuchi K, Ishiguro N, Hiejima Y. Reliability and validity of the Japanese orthopaedic association hip disease evaluation ques-
tionnaire (JHEQ) for patients with hip disease. J Orthop Sci. 2013;18(5):782–7. https://doi.org/10.1007/s00776-013-0436-8 PMID: 23851901

	38.	 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. https://doi.org/10.1016/j.arth.2022.03.032 PMID: 35292339

	39.	 Deckey DG, Verhey JT, Christopher ZK, Gerhart CRB, Clarke HD, Spangehl MJ, et al. Discordance abounds in minimum clinically important 
differences in THA: a systematic review. Clin Orthop Relat Res. 2023;481(4):702–14. https://doi.org/10.1097/CORR.0000000000002434 PMID: 
36398323

	40.	 Cella D, Eton DT, Lai J-S, Peterman AH, Merkel DE. Combining anchor and distribution-based methods to derive minimal clinically important differ-
ences on the Functional Assessment of Cancer Therapy (FACT) anemia and fatigue scales. J Pain Symptom Manage. 2002;24(6):547–61. https://
doi.org/10.1016/s0885-3924(02)00529-8 PMID: 12551804

	41.	 Zahiri CA, Schmalzried TP, Szuszczewicz ES, Amstutz HC. Assessing activity in joint replacement patients. J Arthroplasty. 1998;13(8):890–5. 
https://doi.org/10.1016/s0883-5403(98)90195-4 PMID: 9880181

	42.	 Ravikumar KJ, Marsh G. Internal fixation versus hemiarthroplasty versus total hip arthroplasty for displaced subcapital fractures of femur--13 year 
results of a prospective randomised study. Injury. 2000;31(10):793–7. https://doi.org/10.1016/s0020-1383(00)00125-x PMID: 11154750

	43.	 Bhandari M, Devereaux PJ, Tornetta P 3rd, Swiontkowski MF, Berry DJ, Haidukewych G, et al. Operative management of displaced femoral neck 
fractures in elderly patients. An international survey. J Bone Joint Surg Am. 2005;87(9):2122–30. https://doi.org/10.2106/JBJS.E.00535 PMID: 
16140828

	44.	 Iorio R, Schwartz B, Macaulay W, Teeney SM, Healy WL, York S. Surgical treatment of displaced femoral neck fractures in the elderly: a survey 
of the American Association of Hip and Knee Surgeons. J Arthroplasty. 2006;21(8):1124–33. https://doi.org/10.1016/j.arth.2005.12.008 PMID: 
17162171

	45.	 Tidermark J. Quality of life and femoral neck fractures. Acta Orthop Scand Suppl. 2003;74(309):1–42. https://doi.org/10.1080/03008820310014127 
PMID: 12811943

	46.	 Crossman PT, Khan RJK, MacDowell A, Gardner AC, Reddy NS, Keene GS. A survey of the treatment of displaced intracapsular femoral neck 
fractures in the UK. Injury. 2002;33(5):383–6. https://doi.org/10.1016/s0020-1383(02)00002-5 PMID: 12095715

	47.	 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. https://doi.org/10.1080/1
7453674.2018.1558380 PMID: 30712497

	48.	 Chammout GK, Mukka SS, Carlsson T, Neander GF, Stark AWH, Skoldenberg OG. Total hip replacement versus open reduction and internal 
fixation of displaced femoral neck fractures: a randomized long-term follow-up study. J Bone Joint Surg Am. 2012;94(21):1921–8. https://doi.
org/10.2106/JBJS.K.01615 PMID: 23014835

	49.	 Wang C-T, Chen J-W, Wu K, Chen C-S, Chen W-C, Pao J-L, et al. Suboptimal outcomes after closed reduction and internal fixation of displaced 
femoral neck fractures in middle-aged patients: is internal fixation adequate in this age group? BMC Musculoskelet Disord. 2018;19(1):190. https://
doi.org/10.1186/s12891-018-2120-9 PMID: 29885670

	50.	 Johansson T. Internal fixation compared with total hip replacement for displaced femoral neck fractures: a minimum fifteen-year follow-up study of a 
previously reported randomized trial. J Bone Joint Surg Am. 2014;96(6):e46. https://doi.org/10.2106/JBJS.K.00244 PMID: 24647513

	51.	 Sprague S, Schemitsch EH, Swiontkowski M, Della Rocca GJ, Jeray KJ, Liew S, et al. Factors associated with revision surgery after internal fixa-
tion of hip fractures. J Orthop Trauma. 2018;32(5):223–30. https://doi.org/10.1097/BOT.0000000000001162 PMID: 29677091

https://doi.org/10.1016/j.jbiomech.2005.05.024
http://www.ncbi.nlm.nih.gov/pubmed/16024025
https://doi.org/10.1007/s00264-010-1096-3
http://www.ncbi.nlm.nih.gov/pubmed/20652696
http://www.ncbi.nlm.nih.gov/pubmed/5783851
https://doi.org/10.1186/1471-2474-4-10
http://www.ncbi.nlm.nih.gov/pubmed/12777182
https://doi.org/10.1007/s00776-011-0166-8
http://www.ncbi.nlm.nih.gov/pubmed/22045450
https://doi.org/10.1097/CORR.0000000000000456
http://www.ncbi.nlm.nih.gov/pubmed/30179951
https://doi.org/10.1007/s00776-013-0436-8
http://www.ncbi.nlm.nih.gov/pubmed/23851901
https://doi.org/10.1016/j.arth.2022.03.032
http://www.ncbi.nlm.nih.gov/pubmed/35292339
https://doi.org/10.1097/CORR.0000000000002434
http://www.ncbi.nlm.nih.gov/pubmed/36398323
https://doi.org/10.1016/s0885-3924(02)00529-8
https://doi.org/10.1016/s0885-3924(02)00529-8
http://www.ncbi.nlm.nih.gov/pubmed/12551804
https://doi.org/10.1016/s0883-5403(98)90195-4
http://www.ncbi.nlm.nih.gov/pubmed/9880181
https://doi.org/10.1016/s0020-1383(00)00125-x
http://www.ncbi.nlm.nih.gov/pubmed/11154750
https://doi.org/10.2106/JBJS.E.00535
http://www.ncbi.nlm.nih.gov/pubmed/16140828
https://doi.org/10.1016/j.arth.2005.12.008
http://www.ncbi.nlm.nih.gov/pubmed/17162171
https://doi.org/10.1080/03008820310014127
http://www.ncbi.nlm.nih.gov/pubmed/12811943
https://doi.org/10.1016/s0020-1383(02)00002-5
http://www.ncbi.nlm.nih.gov/pubmed/12095715
https://doi.org/10.1080/17453674.2018.1558380
https://doi.org/10.1080/17453674.2018.1558380
http://www.ncbi.nlm.nih.gov/pubmed/30712497
https://doi.org/10.2106/JBJS.K.01615
https://doi.org/10.2106/JBJS.K.01615
http://www.ncbi.nlm.nih.gov/pubmed/23014835
https://doi.org/10.1186/s12891-018-2120-9
https://doi.org/10.1186/s12891-018-2120-9
http://www.ncbi.nlm.nih.gov/pubmed/29885670
https://doi.org/10.2106/JBJS.K.00244
http://www.ncbi.nlm.nih.gov/pubmed/24647513
https://doi.org/10.1097/BOT.0000000000001162
http://www.ncbi.nlm.nih.gov/pubmed/29677091


PLOS One | https://doi.org/10.1371/journal.pone.0323106  May 8, 2025 13 / 13

	52.	 Authen AL, Dybvik E, Furnes O, Gjertsen J-E. Surgeon’s experience level and risk of reoperation after hip fracture surgery: an observational study 
on 30,945 patients in the Norwegian Hip Fracture Register 2011-2015. Acta Orthop. 2018;89(5):496–502. https://doi.org/10.1080/17453674.2018.1
481588 PMID: 29860911

	53.	 Hwang K-T, Kim Y-H, Kim Y-S, Choi I-Y. Is bipolar hemiarthroplasty a reliable option for Ficat stage III osteonecrosis of the femoral head? 15- to 
24-year follow-up study. Arch Orthop Trauma Surg. 2012;132(12):1789–96. https://doi.org/10.1007/s00402-012-1613-5 PMID: 22983096

	54.	 Pellegrini VD Jr, Heiges BA, Bixler B, Lehman EB, Davis CM 3rd. Minimum ten-year results of primary bipolar hip arthroplasty for degenerative 
arthritis of the hip. J Bone Joint Surg Am. 2006;88(8):1817–25. https://doi.org/10.2106/JBJS.01879.pp PMID: 16882907

https://doi.org/10.1080/17453674.2018.1481588
https://doi.org/10.1080/17453674.2018.1481588
http://www.ncbi.nlm.nih.gov/pubmed/29860911
https://doi.org/10.1007/s00402-012-1613-5
http://www.ncbi.nlm.nih.gov/pubmed/22983096
https://doi.org/10.2106/JBJS.01879.pp
http://www.ncbi.nlm.nih.gov/pubmed/16882907

