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Objective: This study aimed to investigate the risk factors associated with dislocation and dissociation following bipolar hemi-
arthroplasty (HA) for the treatment of patients with femoral neck fractures.

Methods: We retrospectively reviewed 462 patients (479 hips) treated with bipolar HA from January 2010 to January 2020. All
patients received posterolateral approaches and a minimum follow-up of at least 2 years regularly. A case—control study was performed
to analyze the risk factors of dislocation regarding patient demographics, coexisting diseases, surgical and morphologic features.
Multivariable logistic regression analysis for independent risk factors affecting dislocation and dissociation was also performed.
Results: The dislocation rate was 5.01%, and the mean time from HA to the first incident of dislocation was 38.75 days. Patient-
related factors, including operation side, prosthesis type, and neuromuscular disease, did not differ significantly. Regarding the
morphological factors, a significant difference was observed in center-edge (CE) angle, abduction angle, acetabular depth, depth/
width ratio, rotation center (RC) to greater trochanter tip (GTT) vertical distance, RC to GTT vertical distance difference, RC to GTT
horizontal distance, RC to GTT horizontal distance difference, offset difference, and offset discrepancy. Further, decreased CE angle,
increased abduction angle, decreased RC to GTT vertical distance, decreased offset difference and increased offset discrepancy were
determined to be independent risk factors of dislocation. The proportion of patients experiencing dissociation was 1.04%. All the
implanted femoral heads were smaller than 43 mm, which was determined to be the risk factor of dissociation.

Conclusion: Decreased CE angle, RC to GTT vertical distance, offset difference, and increased abduction angle, offset discrepancy
were determined to be independent risk factors of HA dislocation. Once dislocation risk was detected by simulated templating, THA or
changing surgical approach should be considered to avoid evitable perioperative complications.
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Introduction
Globally, hip fractures are a leading cause of disability in adults. Bipolar hemiarthroplasty (HA) is considered as the
standard surgical procedure for elderly patients with displaced femoral neck fracture due to its relatively short operating
time and prompt recovery.' > The surgical technique led to improved functional outcomes and decreased mortality during
the perioperative period. Compared with THA, bipolar hemiarthroplasty has the advantages of a lower economic burden
and a lower risk of dislocation after surgery.*> Pooled estimates from randomized, controlled trials suggested a risk of
dislocation after total hip arthroplasty that is more than 2.5 times as great as that associated with hemiarthroplasty for hip
fracture patients.®

As a relatively rare but severe complication, dislocation still turns out to be the most common reason for the revision
after HA, with rates reported varying between 0.8% and 6.1%.5'® Accordingly, dislocation as a reason for revision was
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more common in younger patients, ASA III/IV patients, and a posterolateral approach.’ Treating these elderly patients is
challenging due to their frailty and frequent multiple comorbidities. Once dislocation occurs, the management of patients
is fraught with difficulty due to frailty, comorbidity, and poor quality of bone and soft tissues. Dislocation results in
higher morbidity, increased financial cost and hospital stay length.®!!

Several studies have identified risk factors for dislocation in patients after undergoing hip HA.'>"'* However,
conclusive evidence is rare and some studies have presented contradicting results. Generally, risk factors were classified
into patient factors, surgical factors, and morphological factors. Patient-related risk factors were mainly associated with
neuromuscular disorders, including Dementia, Parkinson’s disease, and cerebral infarction.” Surgery factors were
associated with different surgical approaches and prosthetic types.'> Morphological factors including femoral head
size, femoral offset, leg-length discrepancy, acetabular center edge (CE) angle and coverage ratio have been identified
as potential factors affecting the dislocation rates.'* ' However, a systematic and comprehensive evaluation was not
performed. Dissociation, as a special type of dislocation, is defined as the separation of bipolar components during
dislocation. We found little information regarding this rare and severe complication except a few case reports.'”?

In this study, we aimed to investigate risk factors that may cause dislocation and dissociation following a bipolar
hemiarthroplasty in patients with femoral neck fracture by evaluating the morphological features in addition to the patient
characteristics. Further, the risk factors determined by multivariable analysis were also discussed according to the
morphometric differences between dislocated and matched control patients.

Materials and Methods
Study Population

The study was approved by the institutional review board of Guangdong Provincial People’s Hospital. We retrospectively
reviewed 462 patients (479 hips) treated with bipolar hemiarthroplasty for femoral neck fracture from January 2010 to
January 2020. All patients received posterolateral approaches and a minimum follow-up of at least 2 years regularly.
Patients treated using other approaches, with pathological fractures, trochanteric fractures, previous hip fractures, surgical
history and less than 2-year follow-up were excluded. Totally, we identified 24 patients who sustained one or more
dislocations. Among them, one patient with substandard radiographs and three patients were lost to follow-up. Herein, 20
patients met the inclusion criteria and were included in the dislocation group, whose characteristics and medical
intervention are detailed in Table 1. A matched control group of 100 patients (ratio of 1:5) without dislocation was
selected from the remaining patients based on age, sex, and time of primary arthroplasty.

Medical Procedure

All the surgical operations were performed through a posterolateral approach in the lateral decubitus position. Short
external rotator tendons and posterior joint capsules were repaired in all cases. After surgery, standard hip anteroposterior
and lateral radiographs were taken, and full weight-bearing exercises were allowed using crutches within 48 hours
postoperatively. All patients were advised to avoid >90° of flexion, excessive adduction, and internal rotation in hip
movements. Demographic data, operative records and coexisting diseases for the subjects were collected from patient
medical records.

Image Analysis and Measurements

X-ray evaluation procedure was performed by two analysts blindly, without knowing the medical records and group
assignment. Morphological evaluation, including acetabular measurements, rotation center measurements and femoral
measurements were performed from the hip anteroposterior radiographs after surgery. Regarding the acetabular measure-
ments, the femoral head coverage ratio was first measured after determining the lateral edge of the bipolar femoral head and
acetabulum (Figure 1A). Before measurement, radiographic magnification was adjusted using the diameter of the prosthesis.
Acetabular measurements also contained center-edge (CE) angle, abduction angle, acetabular depth, acetabular width, and
the D/W ratio (Figure 1B). The interteardrop line was defined as the horizontal reference line. Based on the bilateral rotation
center (RC) and greater trochanter tip (GTT), rotation center measurements included femoral head diameter difference, RC
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Table | Dislocation Patient Demographics

Patient Sex Age (Years) Dislocation Time | Mechanism of Final Treatment | Coexisting Disease
Number from Surgery Dislocation
(Days)
| Female 80 46 Atraumatic Closed reduction Parkinson and dementia
2 Male 82 340 Fall Open reduction No
3 Male 84 40 Atraumatic Open reduction No
4* Female 76 14 Atraumatic Open reduction Cerebral infarction
5 Female 91 53 Atraumatic (BRI) Closed reduction No
6 Female 75 15 Atraumatic (BRI) Open reduction No
7 Female 92 8 Atraumatic (BRI) THA No
8 Female 78 9 Atraumatic Closed reduction No
9 Male 80 3 Atraumatic Closed reduction Parkinson
10 Female 93 7 Fall Closed reduction No
I Male 98 17 Atraumatic Open reduction No
12 Male 69 | Fall Closed reduction Cerebral infarction
13 Male 80 7 Atraumatic (BRI) Closed reduction No
14* Female 88 40 Atraumatic Open reduction No
15 Male 88 38 Atraumatic (BRI) Open reduction No
16* Female 91 16 Atraumatic Open reduction No
17 Female 76 30 Atraumatic THA Dementia
18 Female 70 22 Atraumatic Closed reduction No
19% Female 87 21 Atraumatic (BRI) Open reduction Dementia
20* Female 80 38 Fall Open reduction No

Note: *Dissociation.
Abbreviations: THA, total hip arthroplasty; BRI, bed-related injury.

vertical distance difference, RC to GTT vertical distance, RC to GTT vertical distance difference, RC to GTT horizontal
distance and RC to GTT horizontal distance difference. In addition, femoral measurements included residual femoral neck
length (RFNL), femoral neck-shaft angle (FNSA), FNSA difference, offset, offset difference and leg length difference
(Figure 2). Distance discrepancy, defined as the absolute value of distance difference, was also analyzed.

Statistical Analysis

Categorical data were presented as absolute numbers and percentages. Continuous data were presented as mean values,

standard deviation, and ranges. Independent sample ¢-test and Mann—Whitney U-test were used in the analysis of

Figure | Acetabular measurements. (A) Measurement of center-edge angle (CE.A), abduction angle (AB.A), Femoral head coverage ratio: ratio of the length between the
innermost point of the femoral head and the outer corner of the acetabulum to the length of the femoral head (ratio of a to b). (B) Measurement of acetabular width and
acetabular depth.
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Figure 2 Rotation center measurements and femoral measurements. The interteardrop line was defined as the horizontal reference line. RFNL was the perpendicular
distance of a line passing through the medial cortex of femoral osteotomy to the corresponding tip of the lesser trochanter. LLD was the difference in perpendicular distance
of a line passing through the RC to the corresponding tip of the lesser trochanter. Offset was the perpendicular distance passing through the RC to the longitudinal axis of
the femur.

Abbreviations: RC, rotation center; GTT, greater trochanter tip; RFNL, residual femoral neck length; FNSA, femoral neck-shaft angle; LLD, leg length difference.

quantitative independent data. The Chi-square test was used in the analysis of qualitative independent data. Variables
with a P<0.10 in the univariable analysis were considered for the multivariable analysis. Multivariable logistic regression
analysis was used for the multivariable analysis. All statistical analyses were conducted using SPSS version 21.0
software (SPSS, Chicago, IL, USA). P< 0.05 was considered statistically significant.

For assessing intraobserver reliability, two analysts performed point selection and corresponding measurements
blindly and independently. For assessing intra-observer reliability, measurements were repeated one month later by the
same analysts. The intraclass correlation coefficient (ICC) was used to calculate interobserver and intra-observer effects.
A post hoc power calculation was performed for eliminating type II errors using G-Power 3.1.

Results
The incidence of dislocation in bipolar hemiarthroplasty was 5.01% (24 of 479 hips), in which 7 male and 13 female
patients met the inclusion criteria in this present study (Figure 3). The mean patient age in the dislocation group was

Figure 3 The radiographs of a bipolar hemiarthroplasty dislocation in a80-year-old male patient even with postoperative hip abduction orthosis. (A) One-day postoperative
anteroposterior pelvic view; (B) Five- day postoperative anteroposterior pelvic view.
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80.95+7.45 (range, 64-93) years. Among them, five patients suffered from dissociations. The median time from bipolar
hemiarthroplasty to the first incident of dislocation was 38.75 (range, 1-340) days. Nineteen dislocations (95%) occurred
within 2 months after surgery and 1 case at 340 days. The mechanism leading to dislocation in 16 patients (80%) was
atraumatic, in which 6 cases suffered from dislocation during the process of getting in or out of bed, and the other four
cases (20%) were the result of a same-level fall. According to the patient-related factors, no statistically significant
difference existed between the two groups regarding operation side, prosthetic type and coexisting disease, including
Parkinson’s disease, dementia, cerebral infarction. Worth mentioning, the ratio of contralateral hip arthroplasty in the
dislocation group was significantly higher than that in the control group (Table 2).

Compared with the matched control group, a statistically significant difference was observed in CE angle (P<0.001),
abduction angle (P<0.001), acetabular depth (P=0.002), depth/width ratio (P=0.002), RC to GTT vertical distance
(P=0.005), RC to GTT vertical distance difference (P<0.001), RC to GTT horizontal distance (P=0.020), RC to GTT
horizontal distance difference (P=0.006), offset difference (P=0.041) and offset discrepancy (P=0.010) (Table 3). Herein,
the absolute value of distance difference was also shown as distance discrepancy. Intraclass correlation coefficient results
of the intraobserver and interobserver reliabilities ranged from 0.95 to 0.98 and from 0.89 to 0.93, respectively, which
were in the excellent range. Post hoc power analysis revealed a power of >0.95 for detecting a significant difference
between the dislocation group and control group, except for offset difference (0.78).

Variables with a P value of <0.10 in the univariable analysis were finally included in the multivariable logistic
regression analysis. When independent risk factors affecting dislocation were evaluated, decreased CE angle, increased
abduction angle, decreased RC to GTT vertical distance, decreased offset difference and increased offset discrepancy
were determined to be independent risk factors of dislocation (P = 0.025, OR: 0.706; P = 0.008, OR: 1.691; P = 0.009,
OR: 0.605; P = 0.001, OR: 0.772; P = 0.006, OR: 1.414, respectively) (Table 4).

The proportion of patients who experienced bipolar dissociations was 1.04% (5 of 479 hips), including five women
with a mean age of 84.4 + 5.5 years (Figure 4). All the patients were successfully treated by open reduction. Among the
patients with dissociations, there were one with dementia (25%), and one with cerebral infarction (25%). Further, all the
implanted femoral heads were smaller than 43 mm (100%). The femoral head size of the dislocation group was
significantly smaller than that of the control group (=-2.758, P=0.007). Herein, the femoral head size smaller than
43 mm was the risk factor of dissociation (OR=24.38, P<0.001).

Discussion

The bipolar hemiarthroplasty has been widely used to treat displaced femoral neck fractures in elderly patients, providing
pain relief, functional improvement, and low revision rate.”?® Due to the bipolar device, articulating movement is
theoretically allowed both at the acetabular-prosthetic interface and within bipolar femoral heads. Thus, dislocation in
bipolar hemiarthroplasty is a relatively uncommon but devastating complication. In this present study, decreased CE
angle, increased abduction angle, decreased RC to GTT vertical distance, decreased offset difference and increased offset
discrepancy were significantly associated with an increased risk of dislocation.

Table 2 Demographic Data

Dislocation (n=20) Control (n=100) P value
Age (years) (min—-max) 80.95+7.45 (64 to 93) 81.43£7.15 (62 to 97) 0.786
Gender (Male/female) 7/13 33/67 0.862
Side (Left/Right) 4/16 5/95 0.220
Parkinson’s (Yes/No) 2/18 2/98 0.069
Dementia (Yes/No) 317 8/92 0.322
Cerebral infarction (Yes/No) 2/18 14/86 0.631
Prosthetic type (Cemented /Cementless) 13/7 69/31 0.786
Contralateral hip arthroplasty (Yes/No) 4/16 5/95 0.020%

Notes: Values are expressed as the mean and the standard deviation, with range in parentheses; *p < 0.05, when compared with control group.
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Table 3 Comparison of Morphologic Measurements Between Dislocation and Control Group

Dislocation (Min—-Max) (n=20) Control (Min-Max) (n=100) P value
Acetabular Measurements
CE angle (°) 35.25+6.16 (25.70 to 45.87) 43.34+5.04 (36.15 to 61.61) <0.001**
Abduction angle (°) 38.17+3.87 (28.05 to 43.32) 33.67+3.32 (23.80 to 40.80) <0.001**
Acetabular depth (mm) 14.72+2.58 (9.78 to 18.68) 16.85+1.60 (12.79 to 22.31) 0.002**
Acetabular width (mm) 56.28+2.79 (52.30 to 61.39) 56.57+3.50 (48.22 to 64.97) 0.727
Depth/Width 0.26+0.04 (0.18 to 0.35) 0.30+0.03 (0.25 to 0.45) 0.002**
Coverage ratio 0.85+0.06 (0.76 to 1.00) 0.90£0.04 (0.79 to 1.00) 0.447
Rotation Center Measurements
Cup/femoral head diameter difference (mm) —0.55£2.32 (—3.74 to 6.66) 0.02£1.45 (—4.89 to 4.62) 0.164
RC vertical distance difference (mm) 2.04+2.31 (—2.51 to 7.65) 1.4742.40 (—6.16 to 7.49) 0.331
RC to GTT vertical distance (mm) —2.58+£5.43 (—11.58 to 9.19) 1.40+3.98 (—8.35 to 15.27) 0.005%*
RC to GTT vertical distance difference (mm) —3.19£5.74 (—20.09 to 4.04) 1.47+4.15 (—8.80 to 19.50) <0.001**
RC to GTT vertical distance discrepancy (mm) 4.81+4.39 (0.58 to 20.09) 3.31+2.88 (0.0l to 19.50) 0.057
RC to GTT horizontal distance (mm) 35.74+6.82 (23.08 to 48.26) 39.16+5.71 (27.70 to 58.31) 0.020%*
RC to GTT horizontal distance difference (mm) —0.7245.59 (—11.58 to 9.19) 3.3245.98 (—13.60 to 19.19) 0.006**
RC to GTT horizontal distance discrepancy (mm) 4.75+2.83 (0.23 to11.58) 5.25+4.36 (0.04 to 19.19) 0.629
Femoral Measurements
RFNL (mm) 13.13£3.82 (7.37 to 23.38) 13.62+4.48 (4.65 to 25.01) 0.643
FNSA (°) 139.73£9.58 (127.59 to 164.56) 140.41£7.51 (126.54 to 158.36) 0.725
FNSA difference (°) 5.16x12.16 (—26.21 to 28.40) 2.55£9.99 (—28.82 to 24.02) 0.306
Offset (mm) 28.07+6.82 (15.82 to 40.26) 29.95+5.54 (14.53 to 41.05) 0.186
Offset difference (mm) —3.30%10.12 (—23.68 to 20.88) 1.8246.71 (—10.71 to 20.60) 0.041*
Offset discrepancy (mm) 8.32+6.41 (0.42 to 23.68) 5.14+4.65 (0.01 to 20.60) 0.010*
Leg length difference (mm) 1.93+5.84 (-13.34 to 11.37) 2.88+4.33 (-8.36 to 12.11) 0.403
Leg length discrepancy (mm) 4.77+3.75 (0.15 to 13.34) 4.15+3.12 (0.02 to 12.11) 0.437

Notes: Values are presented as the mean and the standard deviation, with range in parentheses. RC to GTT Difference = values of RC- values of GTT; Discrepancy = absolute value of the difference; Offset and Leg Length Difference/
Discrepancy = value in dislocation group — value in control group; *p < 0.05, **p < 0.01, when compared with control group. Variables with P < 0.| were included in multivariate logistic regression analysis.

Abbreviations: CE angle, center edge angle; RC, rotation center; GTT, greater trochanter tip; RFNL, residual femoral neck length; FNSA, femoral neck-shaft angle.
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Table 4 Independent Risk Factors of Dislocation

OR (95% CI) P value
CE angle 0.706 (0.521 to 0.958) 0.025 *
Abduction angle 1.691 (1.144 to 2.500) 0.008 **
RC to GTT vertical distance 0.605 (0.416 to 0.881) 0.009 **
Offset difference 0.772 (0.661 to 0.902) 0.00] **
Offset discrepancy 1.414 (1.102 to 1.813) 0.006 **

Notes: Difference= value in dislocation group — value in control group; Discrepancy = absolute value of the
difference; *p < 0.05, **p < 0.01.
Abbreviations: CE angle, center edge angle; RC, rotation center; GTT, greater trochanter tip.

Several studies reported that the posterior surgical approach in hemiarthroplasty was associated with an increased risk
of dislocation,?'** leading to a higher rate of revision, especially compared with the anterior approach.” However, some
studies also emphasized that surgical approach does not influence the dislocation risk in hemiarthroplasty by sufficient
soft tissue repair technique.>*? In the present study, all the patients were treated with bipolar hemiarthroplasty with short
external rotator tendons and posterior capsule repairment through a posterolateral surgical approach. The incidence of
dislocation was 5.01%, and the mean onset time of dislocation was 38.75 days. The rate and dislocation time in our study

16,21,23 1'*2¢ surgical approaches.

were comparable to the previous cohort studies through anterior or posterolatera
Recently, the anterior approach was reported to have a higher incidence of early femoral component failure, particular
in Dorr A classification.?” In combination with operative skill and patient status, optimal surgery approach should be
taken into careful consideration by surgeons.

Various risk factors for dislocation related to patients and surgery have been identified. Patients with neuromuscular
and cognitive dysfunction are at increased risk of falls and have high rates of dislocation after hemiarthroplasty.”®*’ Li
et al'® found that dementia and lower Mini-Mental State Examination scores were associated with an increased risk of
dislocation. Ninh et al** revealed a strong association in hemiarthroplasty (54.5% versus 18.8%) between mental
impairment and dislocation rates. However, Suh et al’ observed similar rates of dislocation in patients with or without
the neuromuscular disease. Kizkapan et al'® also suggested that neurological disorders such as delirium and dementia do
not influence the risk of dislocation. Similarly, we found that comorbidities including Parkinson’s, dementia and cerebral
infarction did not affect the risk of dislocation in the present study. Further, we observed patients with contralateral hip
arthroplasty had a higher risk of dislocation, which may be attributed to the unbalanced femoral offset. Few reports have

identified that dislocation is associated with bilateral hip arthroplasty. Similarly, Liu et al*' suggested that dislocation is
more likely to develop after THA in patients with bilateral pathological hips and might be associated with poor function

of the contralateral hips and self-protect ability deficiency.

Figure 4 The radiographs of a bipolar hemiarthroplasty dissociation in two female patients.(A) A 80-year-old female patient; (B) A 88-year-old female patient..
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In the present study, significantly different acetabular factors included CE angle, abduction angle, acetabular depth,
and depth/width ratio. CE angle, determined by the lateral bony coverage, was regarded as an important predictor of the
severity of acetabular dysplasia. Decreased CE angle was associated with a shallower and more vertical acetabulum,
leading high risk of dislocation. Similarly, Zhang et al'* reported that HA patients with a CE angle <45.4° or an
acetabular depth < 19.12 mm were more likely to suffer dislocation. A Korean study also pointed that defining
dislocation as the existence of a CE angle >44° had a sensitivity of 81.3% and a specificity of 76.0% in
hemiarthroplasty.*> Herein, the mean CE angle of the control group was 43.34°, ranging from 36.15° to 61.61°,
indicating the CE angle limit of dislocation in HA remains further research. Considered that acetabular deficiency
could not be figured out in the hemiarthroplasty procedure. Based on the method in this study, preoperative templating
contributed to determining the prosthetic size and evaluating the acetabular morphology. According to the patients with
acetabular dysplasia, recurrent dislocation usually occurred after two or more times of successful reduction.® Once
acetabular dysplasia was recognized, total hip arthroplasty was the optimal selection to reconstruct acetabular offset and
maintain hip lateralization (Figure 5).

Few studies referred to the relation between rotation center-related measurements and dislocation. Herein, the
position of the greater trochanter tip plays a significant role in affecting the body weight lever arm and hip
lateralization.**** The position of the greater trochanter tip was first evaluated as a risk factor of dislocation. The
distance between rotation center and GTT was proven to be reliable in determining femoral offset regardless of the
relative position of the femur.>> In dislocated group, the significantly decreased RC to GTT distance and distance
difference were observed vertically and horizontally. Correspondingly, RC to GTT vertical distance was independently
associated with dislocation risk. While in femoral measurements, both offset difference (P = 0.001, OR: 0.772) and offset
discrepancy (P = 0.006, OR: 1.414) were independently associated with an increased risk of hip dislocation, with no

Figure 5 (A) The radiograph of a 92-year-old female patient suffering twice postoperative dislocations with close reduction, whose CE angle was 27.17°. (B) The
postoperative radiograph following revision total hip arthroplasty. (C) The radiograph of an 88-year-old female patient suffering twice postoperative dislocations with once
close reduction and once open reduction, whose CE angle was 31.76°. (D) The postoperative radiograph following revision total hip arthroplasty.
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significant difference in femoral offset. Due to the relatively wide variance of femoral offset, the offset difference was
better to predict limb equalization and soft tissue tension. Pajarinen et al*> and Li et al'® arrived at similar conclusions
that offset difference instead of offset was associated with postoperative dislocation. Meanwhile, the residual femoral
neck length, femoral neck-shaft angle, and leg length difference did not affect the risk of dislocation. Once the existence
of dislocation risk was recognized in the simulated templating preoperatively, anterior or anterolateral approach was
suggested to reduce risk of dislocation in HA.*2%-7

The proportion of patients in our study suffering a dissociation was 1.04% and all the patients were successfully
treated by open reduction. During the surgery, no erosion was detected on the polyethylene cup. Both the polyethylene
cup and the head were deeply cleared and we did not revise the components. The hip was stable during the final testing
and no further problems were experienced in the postoperative period. Dissociation is rare and corresponding reasons
have been reported in only a few case reports.'’'” The most common causes were “bottle-opener mechanism” during
closed reduction and failure of the polyethylene locking ring. According to the component size, Li et al'® reported a rate
of 0.9% (four of 424) patients experiencing dissociations after HA. Among them, two of the four dissociations were in
patients with small cups (size <43mm). Similarly, all the dissociated component sizes in the current study were smaller
than 43m, which had no polyethylene locking ring between shell and inner head according to the implant design in the
current study. Accordingly, proximal translation of the affected limb and adduction under fluoroscopic supervision is
recommended during reduction maneuvers.>® Worth mentioning, the number of dissociations was still too small to

perform further statistical analysis of risk factors.

Limitations

The limitations of our study should be noted. First, this was retrospective study with a relatively small sample size. While
the results of statistical analysis indicated reliable reproducibility. Second, though comorbidities including Parkinson’s,
dementia and cerebral infarction were analyzed, the patient's living status, mental state score and fall risk score were not
evaluated. Last, our study population only included patients who underwent hemiarthroplasty through posterolateral
approach. The corresponding morphological parameters of dislocation risk might be different through different
approaches.

Conclusion

After the posterolateral approach for treatment of femoral neck fractures using bipolar hemiarthroplasty, 5.01% of hips
dislocated, and 1.04% experienced dissociation. Decreased CE angle, increased abduction angle, decreased RC to GTT
vertical distance, decreased offset difference and increased offset discrepancy were determined to be independent risk
factors of HA dislocation. Once dislocation risk was detected by simulated templating, THA or changing surgical
approach should be considered to avoid evitable perioperative complications.

Data Sharing Statement

All the data used and/or analyzed during this study are available upon reasonable request from the corresponding author.
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This study was approved by the institutional review board of Guangdong Provincial People’s Hospital (IRB: 2019664H).
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Declaration of Helsinki.
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