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Background and purpose — Nontraumatic osteonecro-
sis of the femoral head (ONFH) patients are at a higher dislo-
cation risk after primary total hip arthroplasties (THAs) than 
osteoarthrosis patients. It has not been clear how large pros-
thetic heads should be to reduce dislocation. A nationwide 
multicenter follow-up cohort study of THAs performed for 
ONFH aimed to evaluate risk factors associated with dislo-
cation and whether larger head size could reduce the disloca-
tion risk.

Methods — A multivariable logistic regression model 
analyzed factors associated with dislocation in 5,983 THAs 
performed for ONFH between 1996 and 2022 with a median 
of 7.1 (0.5–27)-year follow-up. Patient age at surgery was 52 
years and BMI was 22.9, as medians. A posterior approach 
was employed in 59%. The head diameter was 22 mm in 
4%, 26 mm in 15%, 28 mm in 24%, 32 mm in 36%, and ≥ 
36 mm in 21%.

Results — 288 THAs (4.8%) dislocated. Younger (1st 
quartile, ≤ 41 years) patient age (odds ratio [OR] 1.45 CI 
[95% confidence interval] 1.02–2.07 vs. 2nd quartile), higher 
BMI (OR 1.05, CI 1.02–1.08 per 1), posterior approach (OR 
3.33, CI 1.96–5.56 vs. anterior or anterolateral approach, 
OR 2.27 CI 1.59–3.23 vs. lateral approach), and smaller 
heads were identified as risk factors. However, ≥ 36-mm 
heads were not different from 32-mm heads (OR 1.06 CI 
0.69–1.63).

Conclusion — Risk factors associated with dislocation 
were younger patient age, higher BMI, posterior approach, 
and smaller heads; however, 32-mm heads were large enough 
to reduce dislocation.

Dislocation is 1 of the 3 most common reasons for revision 
after primary total hip arthroplasties (THAs) [1-3]. Larger 
prosthetic heads have been used increasingly often in THAs, 
and 32 mm and 36 mm are the most commonly used head 
sizes, as reported in national registries [1-3]. A report using 
data from the Nordic Arthroplasty Register Association data-
base compared revision risk among head sizes in metal-on-
polyethylene THAs performed for primary osteoarthrosis 
(OA). Highly cross-linked polyethylene (HXLPE) liners were 
matched with 32- and 36-mm heads in 75% and 95%, respec-
tively, and there was a greater risk of aseptic loosening with 
36-mm heads than 32-mm [4]. In the Australian Registry, in 
primary THAs performed for OA, with HXLPE liners, 32-mm 
heads had a lower revision rate for any reason than < 32-mm 
heads and than > 32-mm heads [3]. Larger heads have been 
shown to reduce the dislocation risk [5,6]. However, it has not 
been clear how large they should be to reduce dislocation.

Patients with nontraumatic osteonecrosis of the femoral 
head (ONFH) who undergo THAs are generally younger, 
more likely to be of male gender, larger in physique [7], and 
at a higher risk of postoperative dislocation [8-10] compared 
with OA patients. Results of THAs performed mainly for OA 
are not necessarily applicable to those for ONFH. Therefore, 
THAs performed for OFNH should be monitored, which has 
been conducted by the present nationwide multicenter follow-
up cohort study. Many studies analyzed risk factors of dis-
location after THAs performed mainly for OA. However, to 
our knowledge, there has not been a factor analysis including 
head size as a variable performed in a large cohort of ONFH 
patients. We aimed to evaluate risk factors associated with dis-
location and whether larger head size could reduce the dislo-
cation risk in patients with ONFH following a primary THA. 
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Methods    			 
Study design 
This is a prospective cohort study. The Investigation Commit-
tee on ONFH under the auspices of the Ministry of Health, 
Labour and Welfare set up a nationwide multicenter follow-up 
cohort study of primary THAs performed for ONFH to sys-
tematically clarify patient features, operative variables, and 
outcomes of the arthroplasties including postoperative dis-
location. We studied factors associated with dislocation after 
primary THAs performed for ONFH.

The study was reported according to the STROBE guide-
lines. 

Setting and data source 
Hip surgeons at 31 institutions (listed in Acknowledgements) 
participated in the study, registering, performing hip arthro-
plasties on, following up the ONFH patients, and collecting 
the data. We studied primary THAs performed at these hos-
pitals for ONFH or OA secondary to ONFH between January 
1996 and December 2022. 

Study population 
Diagnosis and staging of ONFH was made according to the 
criteria of the committee [11]. Each ONFH patient who under-
went THA was registered and followed clinically and radio-
graphically at each institution and the follow-up status was 
reported to the committee every year. Criteria eligible for the 
study were not having a THA with very poor survivorship and 
≥ 0.5-year follow-up.

Variables
Recorded demographic data were age, gender, height, weight, 
body mass index (BMI), ONFH-associated factors (systemic 
steroid use and excessive alcohol consumption), ONFH stage, 
and previous surgery in the index hip joint. Surgery-related 
data encompassed approach, acetabular and femoral compo-
nents (categorized by surface finish and use of cement in fixa-
tion), material of the acetabular articulating surface, and mate-
rial and diameter of the femoral head. Follow-up information 
included postoperative dislocation (the outcome of the study) 
and the need for reoperation. 

Statistics
Risk factors were analyzed for postoperative dislocation with 
a multivariable logistic regression model using SAS version 
9.4 (SAS Institute Inc, Cary, NC, USA). The normality of 
distribution was examined with the Kolmogorov–Smirnov 
test. A chi-square test examined the relationship between the 
variables. Univariable analyses were first performed applying 
the model to each of the demographic and operative variables 
with a significance level of P < 0.1. Relationship between 
candidates with P < 0.1 was analyzed, and from those with 

a strong association, 1 of them was deleted. Any candidate 
that was difficult to associate with dislocation without previ-
ous reports was also excluded. The remaining candidates were 
then analyzed together using the model with a significance 
level of P < 0.05 (multivariable analysis). IBM SPSS statistics 
version 29 (IBM Corp, Armonk, NY, USA) was also used to 
perform statistics including a chi-square test, t-test, and one-
way analysis of variance, with a significance level of P < 0.05. 
To determine the threshold of head diameter that minimized 
dislocation risk (the secondary objective), the receiver operat-
ing characteristic (ROC) curve was plotted.

Ethics, data sharing plan, use of AI, funding, and 
potential conflicts of interest
Ethical approvals for this study were comprehensively 
obtained at 3 representative institutions: Shinshu University 
School of Medicine (January 8, 2008, No. 1043), Suwa Red 
Cross Hospital (November 27, 2014, No. 26-23 and March 
26, 2019, No. 30-19), and Osaka University Graduate School 
of Medicine (January 29, 2021, No. 20461). This study was 
carried out in accordance with the World Medical Association 
Declaration of Helsinki. All participants included in the study 
were informed and agreed to participate in this study and to 
have their data published in a journal. The data that supports 
the findings for this study is available to other researchers from 
the corresponding author upon reasonable request. AI was not 
used in the writing of this manuscript. This study was supported 
by a research grant from the Health Labour Sciences Research 
Grant, the Ministry of Health, Labour and Welfare, Japan 
(23FC0201). Except for the funding, the authors received or 
will receive no financial or material support for the research, 
authorship, and/or publication of this article. Complete disclo-
sure of interest forms according to ICMJE are available on the 
article page, doi: 10.2340/17453674.2025.43473

Results    					   

Dislocation risk was analyzed in 5,983 THAs (in 4,685 
patients) with a median 7.1-year (0.5–27) follow-up (94% of 
the originally registered cohort of 6,382 THAs), excluding 
43 ABS THAs with very poor survivorship and 356 THAs 
with < 0.5-year follow-up that was regarded as being not 
long enough to assess dislocation (Figure 1). The ABS THA 
(Kyocera, Kyoto, Japan) had a thin alumina liner supported 
by polyethylene in a socket. In our survey, it had a very low 
survival rate (62% at 10 years and 55% at 15 years). The 
study group of 5,983 THAs was composed of 3,951 THAs 
with current follow-up, 1,956 THAs not with current but with 
≥ 0.5-year follow-up, and 76 THAs reoperated > 0.5 years 
after THA (due to recurrent dislocation in 20 hips, prosthetic 
joint infection 14, periprosthetic femoral fracture 11, and 
other reasons 31 [≤ 8 for each]). Reoperation was regarded 
as the end of follow-up. The 3,951, 1,956, and 76 THAs were 
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cation, but an appropriate threshold could not be found despite 
efforts to do so. There was a trend among the 3 approaches (P 
< 0.0001), i.e., in descending order, dislocation risk, poste-
rior, lateral, and anterior or anterolateral approaches. Posterior 
approaches were associated with higher risks of dislocation 
compared with anterior or anterolateral approaches and with 
lateral approaches. There was a trend among head diameter 
groups (P < 0.0001). The bigger the head, the less likely to 
dislocate. However, ≥ 36-mm heads were not different from 
32-mm heads. The results were robust to a sensitivity analy-
sis applied to 2,854 hips performed for stage 4 (OA) ONFH 

Originally registered THA cohort
n = 6,382

Excluded (n = 399):
– ABS (Kyocera) THAs, 43
– THAs with < 0.5-year follow-up, 356

Study group
THAs with ≥ 0.5-year follow-up (n = 5,983):  
– THAs with current follow-up, 3,951 
– THAs not with current but with ≥ 0.5-year follow-up, 1,956 
– THAs reoperated > 0.5 year after THA, 76 
(all of them were followed up for ≥ 0.5 year and  
were analyzed together concerning dislocation)

Figure 1. Flowchart of the study populations.

Table 1. Characteristics of the 5,983 THAs performed for nontrau-
matic osteonecrosis of the femoral head (ONFH)

Variable                        Median [25–75 percentiles] (range) or n (%)

Patient age, years	 52 [41–62] (15–93)
Height, cm	 162 [155–169] (132–191)
Weight, kg	 60 [52–69] (28–129)
Body mass index	 22.9 [20.5–25.5] (11.6–42.4)
Male sex	 3,220 (54)
ONFH-associated factor 	
 Systemic steroid use	  3,609 (60)
 Excessive alcohol consumption	  1,607 (27)
 Neither of them	  636 (11)
 Both of them	  131 (2.2)
ONFH stage 	
 3 (collapse of the femoral head)	  2,970 (50)
 4 (osteoarthrosis)	  2,854 (48)
 2 (without collapse of the femoral head)	 159 (2.7)
Previous hip surgery (joint-preserving surgery)	  488 (8.2)
Surgical approach 
 Posterior	  3,499 (59)
 Anterior or anterolateral	  1,321 (22)
 Lateral	  1,163 (19)
Incision length	
 Conventional	  4,122 (69)
 Minimum incision surgery	  1,861 (31)
Uncemented fixation	
 Acetabular component	  5,844 (98)
 Femoral component	  5,119 (86)
Acetabular articulating material	
 Highly a cross-linked polyethylene	  3,665 (61)
 Moderately b cross-linked polyethylene	  1,264 (21)
 Conventional polyethylene	  559 (9.3)
 Cobalt-chrome	  266 (4.4)
 Ceramic	  229 (3.8)
Femoral head material 	
 Ceramic	  3,798 (63)
 Cobalt-chrome	  1,732 (29)
 Oxidized zirconium	  340 (5.7)
 Stainless steel	  113 (1.9)
Head diameter, mm	
 38–58 c	  323 (5.4)
 36	  933 (16)
 32	 2,160 (36)
 28	  1,430 (24)
 26	  898 (15)
 22	  239 (4.0)

a approximately 10 Mrad.
b 5 to 7.5 Mrad.
c 38 mm in 8 hips, 40 mm in 67, 42 mm in 49, 44 mm in 44, 46 mm 

in 58, 48 mm in 40, 50 mm in 41, 52 mm in 12, 54 mm in 3, and 58 
mm in 1.

followed up for ≥ 0.5 years and were analyzed together con-
cerning dislocation. 

Characteristics of the 5,983 THAs are listed in Table 1. 
With increasing head diameter, from 22–28 mm, to 32 mm, 
36 mm, and 38–58 mm, the mean height (160.3, 161.8, 166.5, 
and 165.9 cm, respectively) became larger up to 36-mm (P < 
0.001), but not between 36 mm and 38–58 mm (P = 0.8). The 
mean weight (59.0, 61.5, 66.0, and 65.2 kg, respectively) also 
became larger up to 36 mm (P < 0.001), but not between the 
latter 2 (P = 0.4). The 2 groups were associated with hospi-
tals (P < 0.001). Acetabular articulating material was cobalt-
chrome (i.e., metal-on-metal THA) in 1.1%, 0.5%, 2.9%, and 
61.6%, respectively (P < 0.001). Neither resurfacing arthro-
plasties nor dual-mobility THAs were included in this study. 
During the follow-up, 288 THAs (4.8%) dislocated. Of these, 
111 hips (39%) dislocated only once and 12 of them needed 
reoperation for dislocation in 4 and other reasons in 8. The 
remaining 177 hips (61%) had recurrent dislocations and 72 
of the 177 (41%) needed reoperation for dislocation in 52 and 
other reasons in 20. 

Risk factors for dislocation
The univariable analyses identified 8 of the variables listed in 
Table 1 at P < 0.1 (Table 2). Femoral component fixation, dif-
ficult to associate with dislocation, without previous reports (to 
our knowledge), and having a relation with 6 of the other 7 
candidates, was not included in the next multivariable analy-
ses. Femoral head material was related with 5 of the other 6 
candidates. Its relationship with dislocation could not be found 
in the literature, although a hard-on-hard bearing was reported 
regarding dislocation, which was analyzed with acetabular 
articulating material. Therefore, femoral head material was not 
included either. As the remaining 6 variables had been reported 
concerning dislocation, and without a strong relationship 
between them, they were examined together with the model.

The multivariable analysis identified younger patient age, 
higher BMI, posterior approach, and smaller prosthetic heads 
as risk factors (Table 3). As for patient age, the 1st quartile 
(≤ 41 years) had a higher risk compared with the 2nd quartile 
(42–51 years). There was no trend among age-divided quar-
tiles (P = 0.09). The larger the BMI, the higher the risk of dislo-
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(Table 4). However, in a sensitivity analysis applied to 3,129 
hips performed for stage 3 or 2 (before the development of 
OA) ONFH, younger patient age was not a risk factor (Table 
5). To decrease the influence of late dislocation, a sensitivity 
analysis was applied to 4,509 THAs with < 10-year follow-
up (median 5.3 years), resulting in similar results except for 
younger patient age and previous hip surgery (Table 6). When 
sensitivity analysis was performed with the study group of 
5,983 THAs, dividing the ≥ 36-mm group into 36-mm and 
38-58-mm subgroups, neither of them was different from the 
32-mm group (Table 7). On the ROC curve plotted to deter-
mine the threshold of head diameter that minimized disloca-
tion risk, the point closest to the (0, 1) point was 30 mm in 
head diameter (Figure 2). 

Table 2. Univariable analysis of each variable applying the logistic 
regression model to the 5,983 THAs performed for ONFH

Variable				    Odds ratio (CI)	 P value

Patient age, years (ref.: 2nd quartile [42–51])
 1st quartile (≤ 41)	 1.35 (0.96–1.90)	 0.08
 3rd quartile (52–62)	 1.15 (0.81–1.63)	 0.4
 4th quartile (≥ 63)	 1.15 (0.81–1.64)	 0.4
Male sex (ref.: female)	 0.93 (0.74–1.18)	 0.6
Height, cm (ref.: increment of 1)	 1.00 (0.98–1.01)	 0.5
Weight, kg (ref.: increment of 1)	 1.01 (1.00–1.01)	 0.3
Body mass index (ref.: increment of 1)	 1.05 (1.02–1.08)	 0.003
ONFH-associated factor (ref.: neither of them)	
 Systemic steroid use	 1.25 (0.82–1.91)	 0.3
 Excessive alcohol consumption	 1.16 (0.74–1.82)	 0.5
 Both of them	 0.54 (0.16–1.80)	 0.3
ONFH stage (ref.: 4 osteoarthrosis)	
 2 or 3 (before osteoarthrosis)	 0.96 (0.75–1.21)	 0.7
Previous hip surgery (ref.: no)	 1.63 (1.13–2.35)	 0.009
Surgical approach, posterior	
 (ref.: anterior or anterolateral)	 5.00 (3.03–7.69)	 < 0.0001
 (ref.: lateral)	 1.82 (1.30–2.50)	 < 0.0001
Incision length (ref.: conventional)	
 Minimum incision surgery	 0.45 (0.33–0.61)	 < 0.0001
Acetabular component fixation (ref.: cemented)	
 Uncemented	 0.73 (0.30–1.79)	 0.5
Femoral component fixation (ref.: cemented)	
 Uncemented	 1.36 (1.00–1.85)	 0.05
Acetabular articulating material ref.: non-polyethylene)		
 Polyethylene a	 1.36 (0.29–1.77)	 0.1
Femoral head material (ref.: metal)	
 Ceramic	 1.46 (1.15–1.85)	 0.002
Head diameter, mm (ref.: 32)	
 ≥ 36	 0.92 (0.60–1.41)	 0.7
 28	 2.35 (1.67–3.30)	 < 0.0001
 26	 3.51 (2.47–4.98)	 < 0.0001
 22	 6.00 (3.81–9.42)	 < 0.0001

THAs = total hip arthroplasties; ONFH = nontraumatic osteonecrosis 
of the femoral head; CI = 95% confidence interval. 
a Including highly or moderately cross-linked polyethylene and con-
ventional polyethylene. 

Table 4. Sensitivity analysis applying the multivariable logistic 
regression model to 2,854 THAs performed for stage 4 ONFH

Variable				    Odds ratio (CI)	 P value

Patient age, years (ref.: 2nd quartile [42–51])
 1st quartile (≤ 41)	 1.88 (1.12–3.14)	 0.02
 3rd quartile (52–62)	 1.06 (0.62–1.80)	 0.8
 4th quartile (≥ 63)	 0.85 (0.48–1.51)	 0.8
Body mass index (ref.: increment of 1)	 1.05 (1.00–1.09)	 0.02
Previous hip surgery (ref.: no)	 1.34 (0.83–2.17)	 0.2
Surgical approach, posterior	
 (ref.: anterior or anterolateral)	 4.17 (1.61–11.1)	 0.003
 (ref.: lateral)	 1.85 (1.14–3.03)	 0.01
Incision length (ref.: conventional)
 Minimum incision surgery	 0.88 (0.51–1.50)	 0.6
Head diameter, mm (ref.: 32)	
 ≥ 36	 0.60 (0.28–1.30)	 0.2
 28	 1.98 (1.17–3.34)	 0.01
 26	 2.82 (1.66–4.78)	 0.0001
 22	 5.71 (2.91–11.2)	 < 0.0001

For abbreviations, see Table 2.

Table 3. Multivariable analysis applying the multivariable logistic 
regression model to the 5,983 THAs performed for ONFH

Variable				    Odds ratio (CI)	 P value

Patient age, years (ref.: 2nd quartile [42–51])
 1st quartile (≤ 41)	 1.45 (1.02–2.07)	 0.04
 3rd quartile (52–62)	 1.03 (0.71–1.49)	 0.9
 4th quartile (≥ 63)	 1.08 (0.74–1.57)	 0.7
Body mass index (ref.: increment of 1)	 1.05 (1.02–1.08)	 0.003
Previous hip surgery (ref.: no)	 1.36 (0.93–1.98)	 0.1
Surgical approach, posterior
 (ref.: anterior or anterolateral)	 3.33 (1.96–5.56)	 < 0.0001
 (ref.: lateral)	 2.27 (1.59–3.23)	 < 0.0001
Incision length (ref.: conventional)
 Minimum incision surgery	 0.90 (0.62–1.28)	 0.5
Head diameter, mm (ref.: 32)	
 ≥ 36	 1.06 (0.69–1.63)	 0.8
 28	 2.30 (1.62–3.27)	 < 0.0001
 26	 3.14 (2.18–4.53)	 < 0.0001
 22	 6.81 (4.18–11.1)	 < 0.0001

For abbreviations, see Table 2.

Table 5. Sensitivity analysis applying the multivariable logistic 
regression model to 3,129 THAs performed for stage 3 or 2 ONFH

Variable				    Odds ratio (CI)	 P value

Patient age, years (ref.: 2nd quartile [42–51])
 1st quartile (≤ 41)	 1.01 (0.61–1.66)	 1
 3rd quartile (52–62)	 0.99 (0.60–1.66)	 1
 4th quartile (≥ 63)	 1.43 (0.87–2.35)	 0.2
Body mass index (ref.: increment of 1)	 1.05 (1.00–1.09)	 0.04
Previous hip surgery (ref.: no)	 1.25 (0.53–2.98)	 0.6
Surgical approach, posterior
 (ref.: anterior or anterolateral)	 3.13 (1.59–5.88)	 0.001
 (ref.: lateral)	 3.03 (1.75–5.26)	 < 0.0001
Incision length (ref.: conventional)
 Minimum incision surgery	 1.00 (0.61–1.64)	 1
Head diameter, mm (ref.: 32)	
 ≥ 36	 0.60 (0.28–1.30)	 0.9
 28	 2.81 (1.74–4.53)	 < 0.0001
 26	 3.75 (2.22–6.34)	 < 0.0001
 22	 9.95 (4.67–21.2)	 < 0.0001

For abbreviations, see Table 2.
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Discussion 				  

This is the largest prospective follow-up cohort study of pri-
mary THAs performed for ONFH. We aimed to evaluate risk 
factors associated with dislocation and whether larger head 
size could reduce the dislocation risk in patients with ONFH 
following a primary THA. In this nationwide study we show 
the following risk factors to be associated with postoperative 
dislocation: younger (≤ 41 years) patient age, higher BMI, 
posterior approach, and smaller prosthetic heads. Although 

larger heads were less likely to dislocate, 32-mm heads were 
large enough to reduce dislocation.

Compared with a report in 2004 [8], later reports indicated 
that first-time dislocations were concentrated in shorter peri-
ods after THA, probably due to use of larger heads: 81% within 
12 weeks of surgery [12], 77% within 6 months [13], and 75% 
within 3 months [14]. Therefore, dislocation risk was analyzed 
in the 5,983 THAs with ≥ 0.5-year follow-up. Follow-up < 0.5 
years was considered not long enough to assess dislocation.

Patient age as a risk factor changed with time, and 
obesity
Patient age has changed as a risk factor. Previously, advanced 
patient age was reported as a risk factor associated with dis-
location after THAs performed mainly for OA [5,8,9,14]. 
Recently, not older but younger age was reported as a risk 
factor [6,10]. In a survey in 2016 [7], with use of ≥ 32-mm 
heads in 34%, not only patients in the 4th quartile (≥ 62 years) 
but also younger patients in the 1st quartile (≤ 40 years) were 
at a higher risk of dislocation, compared with the 2nd quartile. 
In the present study, with ≥ 32-mm heads in 57%, advanced 
age (the 4th quartile, ≥ 63 years) was no longer a risk factor, 
but younger patient age (the 1st quartile, ≤ 41 years) remained 
a risk factor (see Table 3). With increasing use of larger heads, 
transition from greater to younger patient age as a risk factor 
was observed in the former study, and in the present study, 
only younger age was a risk factor. Therefore, larger heads 
could have benefited older patients, thus lowering the dislo-
cation risk. However, younger ONFH patients could still be 
at higher risk even with larger heads, possibly due to their 
increased activities with more frequent engagement of large 
and high-risk hip movements.

Table 6. Sensitivity analysis applying the multivariable logistic 
regression model to 4,509 THAs performed for ONFH and followed 
up for less than 10 years

Variable				    Odds ratio (CI)	 P value

Patient age, years (ref.: 2nd quartile [42–51])
 1st quartile (≤ 41)	 1.44 (0.86–2.41)	 0.2
 3rd quartile (52–62)	 1.18 (0.70–1.98)	 0.5
 4th quartile (≥ 63)	 1.49 (0.91–2.44)	 0.1
Body mass index (ref.: increment of 1)	 1.04 (1.00–1.08)	 0.03
Previous hip surgery (ref.: no)	 1.84 (1.12–3.03)	 0.02
Surgical approach, posterior	
 (ref.: anterior or anterolateral)	 2.63 (1.47–4.76)	 0.001
 (ref.: lateral)	 1.96 (1.22–3.13)	 0.005
Incision length (ref.: conventional)
 Minimum incision surgery	 1.01 (0.65–1.58)	 1
Head diameter, mm (ref.: 32)	
 ≥ 36	 0.97 (0.60–1.55)	 0.9
 28	 1.65 (1.06–2.56)	 0.03
 26	 2.97 (1.81–4.88)	 < 0.0001
 22	 4.65 (2.36–9.17)	 < 0.0001

For abbreviations, see Table 2.

Table 7. Sensitivity analysis applying the multivariable logistic 
regression model to the study group of 5,983 THAs performed for 
ONFH dividing the ≥ 36-mm head diameter group into 36-mm and 
38–58-mm subgroups

Variable				    Odds ratio (CI)	 P value

Patient age, years (ref.: 2nd quartile [42–51]
 1st quartile (≤ 41)	 1.45 (1.02–2.07)	 0.04
 3rd quartile (52–62)	 1.03 (0.71–1.48)	 0.9
 4th quartile (≥ 63)	 1.08 (0.74–1.57)	 0.7
Body mass index (ref.: increment of 1)	 1.04 (1.00–1.08)	 0.003
Previous hip surgery (ref.: no)	 1.36 (0.93–1.99)	 0.1
Surgical approach, posterior
 (ref.: anterior or anterolateral)	 3.33 (1.96-5.56)	 < 0.0001
 (ref.: lateral)	 2.22 (1.56–3.23)	 < 0.0001
Incision length (ref.: conventional)
 Minimum incision surgery	 0.90 (0.62–1.28)	 0.5
Head diameter, mm (ref.: 32)	
 38–58	 1.19 (0.63–2.25)	 0.6
 36	 1.00 (0.61–1.64)	 1
 28	 2.30 (1.62–3.27)	 < 0.0001
 26	 3.14 (2.18–4.53)	 < 0.0001
 22	 6.82 (4.18–11.1)	 < 0.0001

For abbreviations, see Table 2.
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Figure 2. Receiver operating characteristic (ROC) curve plotting the 
true positive rate (sensitivity) against the false positive rate (1 – speci-
ficity) representing the portion of THAs with dislocation vs without 
regarding head diameter, which was treated as a continuous variable. 
On the curve, the point closest to the (0, 1) point is 30 mm in head 
diameter with sensitivity of 0.68 and 1 – specificity of 0.42 (arrow), 
which could be the threshold indicating ≥ 32-mm heads could reduce 
the dislocation risk. Area under the ROC curve is 0.65 (95% confi-
dence interval 0.62–0.69).
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For the younger patient, age was a risk factor not in THAs 
performed for stage 2 or 3 (before development of OA) ONFH 
but for stage 4 (OA), indicating that this is not explained by 
decreasing hip motion with OA. It might be possible that cup 
position could be less accurate in the acetabulum with OA 
changes than without. In the sensitivity analysis applied to the 
THAs with < 10-year follow-up, younger patient age was not 
a risk factor but previous hip surgery became a risk factor. 
Dislocation risk for younger patients could become clearer in 
the longer term, requiring continued caution and education 
against dislocation. Patients who had had previous surgery in 
the index hip joint could be at a higher risk of dislocation, 
probably due to pre-existing soft-tissue damage in the shorter 
term until enough recovery of muscle strength. 

Obesity has been reported to be a risk factor associated with 
dislocation after THAs performed mainly for OA [9]. In the 
present study of THAs performed for ONFH, the larger the 
BMI, the higher the risk of dislocation.

Recently mitigated dislocation risk with posterior 
approach 
Dislocation risk with a posterior approach has been mitigated. 
Previously, a posterior approach was reported as a risk factor 
associated with dislocation after THAs performed mainly for 
OA [5,15]. Recently, the risk was reported to be mitigated to 
the levels of other approaches [16,17]. This could be explained 
by repair of the posterior soft tissue [15] (especially the cap-
sule [18]) and use of larger heads whose effect was greatest 
with a posterior approach [5]. Although the soft tissue repair 
technique was widely employed [7] and ≥ 32-mm heads were 
used in 57% in the present study, a posterior approach was still 
an independent risk factor associated with dislocation after 
THAs performed for ONFH.

32-mm heads were large enough to reduce dislocation
We showed that larger heads lowered the risk of dislocation 
in the multivariable analyses. However, ≥ 36-mm heads were 
not different from 32-mm heads. The ROC curve determined 
the threshold that best differentiated THAs with dislocation 
from those without to be a head diameter of 30 mm. The area 
under the ROC curve of 0.65 that indicates low accuracy may 
reflect the multifactorial nature of dislocation. However, in 
terms of head diameter, 32-mm heads were large enough to 
reduce dislocation in the present cohort of ONFH patients. 
This is reported here for the first time, to our knowledge. In 
biomechanical [19] and mathematical [20,21] studies, range of 
motion before impingement and jumping distance required for 
dislocation increased with increasing head size up to 28–32 
mm, where the impingement shifted from component-to-com-
ponent to bone-to-bone, becoming independent of head size 
and these benefits of larger heads were diminished. This may 
explain the present clinical results. 

Several studies reported a reduction in dislocation risk with 
≥ 36-mm heads. Decrease in dislocation rate in NHS (National 

Health Service) THA patients in England between 2005 and 
2009 was explained by increase in use of ≥ 36 mm heads from 
5% in 2005 to 26% in 2009 in the NJR (National Joint Registry) 
[22]. In 1 study, ≥ 36-mm heads were compared with ≤ 28-mm 
heads, but 32-mm heads were not included [23]. In another, 
≥ 36-mm heads were compared with ≤ 32-mm heads, which 
must include 22- to 32-mm heads [6]. To our knowledge, only 
1 study, which was done in Denmark has reported a higher risk 
of dislocation with 32-mm heads than with 36-mm heads after 
primary THAs [14]. In revision THAs, 36- or 40-mm heads 
reduced dislocation rates compared with 32-mm heads at 2- to 
7-year follow-up [24]. In the present study, primary THAs per-
formed only in Japanese ONFH patients were analyzed, the 
results of which require further research for external validity. 

Strengths
Demographic, surgical, and follow-up status information 
could be obtained precisely because of the prospective nature 
of the study, and the incidence rate of dislocation (which could 
be difficult to detect accurately in national registries) reflects 
the true value. 

Limitations
Prevalences of some categorical variables might not be 
enough to assess their effects on the risk. Some patient-related 
data were lacking, e.g., American Society of Anesthesiolo-
gists scores. Some operative data were missing, e.g., surgi-
cal experience [12]. Although the soft tissue repair technique 
was widely employed with a posterior approach in the pres-
ent study [7], data specifically on capsule repair could not be 
obtained. Component position [12] could not be evaluated, 
given the constraints involving the 31 institutions. THAs 
performed only for Japanese ONFH patients were analyzed. 
Another limitation was the wide range of observation and 
follow-up periods. To reduce the influence of this, a sensitiv-
ity analysis was performed applying a multivariable logistic 
regression model to the THAs with < 10-year follow-up (see 
Table 6). Hip arthroplasty practice changed over the obser-
vation period in surgical approach, component fixation, ace-
tabular articulating material, and material and diameter of the 
femoral head. All of the variables were included in the present 
analyses. Larger heads were used in patients with larger phy-
sique, except between the 36-mm and the 38–58-mm groups. 
The 2 groups were indicated to have been divided by insti-
tutional strategy. This could be a confounder. Although the 
prevalence of cobalt-chrome as acetabular articulating mate-
rial (i.e., metal-on-metal THA) was higher in the 38–58-mm 
group than in the others, acetabular articulating material was 
evaluated in the univariable analysis (see Table 2) to be ineli-
gible for the next multivariable analysis. 

Conclusions 
We showed that younger patients with stage 4 ONFH (OA) 
and patients with higher BMIs are at higher risk of disloca-
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tion. These patients could probably benefit from surgical tech-
niques that avoid a posterior approach and utilize larger heads 
up to 32 mm to reduce the risk of dislocation.
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