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Abstract 

Background  Total hip arthroplasty (THA) is one of the most effective treatments for hip arthritis. However, postop-
erative outcomes of THA in patients with bony ankylosed hips remain inconclusive. We aimed to examine the postop-
erative results of THAs for bony ankylosed hips using propensity score matching.

Methods  A propensity score was calculated using logistic regression analysis for a bony-ankylosed group (40 
hips, 38 patients) and a non-ankylosed (control) group (829 hips, 729 patients). Patients were followed up for more 
than 10 years after primary THA. The propensity score used five covariates: age, sex, height, weight, and body mass 
index. Propensity matching was performed, with each bony ankylosed hip being matched to a non-ankylosed 
control hip. The clinical outcomes of the Japanese Orthopaedic Association (JOA) hip scores and complications were 
investigated.

Results  The propensity-matched population consisted of 40 bony ankylosed hips (38 patients) and 40 hips (40 
patients) of matched controls. In both groups, the postoperative JOA hip scores at the last follow-up significantly 
improved compared to the preoperative scores. The JOA hip scores at the last follow-up for all components 
in the bony-ankylosed group were significantly lower than those in the control group. The number of hips with post-
operative complications was significantly higher in the bony-ankylosed group than that in the control group.

Conclusions  THA for patients with bony ankylosed hips achieved positive results, including improved JOA hip scores; 
however, these scores were inferior to those observed in patients with non-ankylosed hips. This should be preopera-
tively communicated to patients with bony ankylosed hips who undergo THA.
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Background
Patients with spontaneous ankylosis due to hip arthritis 
or those who have undergone arthrodesis in adolescence 
for hip disease often achieve pain relief but experience 
difficulty with activities of daily living and disability of 
adjacent joints, such as the lumbar spine and knee [1–3]. 
Therefore, pain due to adjacent joint disorders caused by 
ankylosed hips is an indication for total hip arthroplasty 
(THA) for ankylosed hips [4, 5]. THA is known to be one 
of the most useful treatment procedures for hip arthri-
tis [6]. However, the postoperative outcomes of THA in 
patients with bony ankylosed hips are nonconclusive.

To our knowledge, no studies have compared clinical 
outcomes following THA in patients with bony anky-
losed and non-ankylosed hips using propensity scores. In 
this study, we examined the postoperative results of THA 
for bony ankylosed hips using propensity score matching.

Methods
This retrospective cohort study used data obtained from 
the THA database of our institution. Data obtained 
included the Japanese Orthopaedic Association (JOA) 
hip score, laboratory data, postoperative complications, 
and computed tomography (CT) images. The study pro-
tocol was in accordance with the ethical guidelines of the 
1975 Declaration of Helsinki and was approved by the 
Ethics Committee of Saga University Hospital (Reference 
number: 2020–06-R07). All patients provided written 
informed consent prior to participation.

Patients
Data were extracted for 3338 hips (2863 patients) that 
underwent primary unilateral THA at our institution 
between January 1999 and December 2011 (Fig. 1). Cases 
with follow-up periods of less than 10  years and those 
with missing data were excluded. The hips included in 
the study were then temporarily divided into two groups: 
a bony-ankylosed group (40 hips, 38 patients) and a non-
ankylosed (control) group (829 hips, 729 patients). Bony 
ankylosed hips were defined as cases with joint ossifi-
cation on simple radiography and no range of motion 
(Fig. 2A). The remaining cases were defined as non-anky-
losed hips.

Propensity score matching
To minimise confounding factors, propensity score 
matching was used to match bony ankylosed to non-
ankylosed hips. Using logistic regression, propensity 
scores were calculated using the five variables of age, sex, 
height, weight, and body mass index, which were selected 
based on previous studies [7–11].

Propensity score matching was then performed using 
nearest neighbour matching without replacement, with 
each bony ankylosed hip matched to a control hip [12]. 
We used a calipre width of 0.2, which is the standard 
deviation of the logit of the propensity score [13]. To 
check the balance of the matches, a standardised mean 
difference threshold of 0.1 was set to determine the resid-
ual imbalances [14, 15].

Fig. 1  Flow chart depicting the selection process and number of hips among patients with bony ankylosed hips and patients with non-ankylosed 
hips undergoing primary unilateral total hip arthroplasty
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Surgical procedure
THA was performed using the posterolateral approach 
under spinal anaesthesia with identical cementless 
implants. In the bony-ankylosed group, 33 of the 40 hips 
underwent an additional approach from the anterior 
edge of the gluteus medius.

Surgical indication
The main surgical indication for the bony-ankylosed 
group was pain due to adjacent joint disorders caused 
by the ankylosed hips and for the control group it was a 
decline in activities of daily living due to pain and lim-
ited range of motion in the hip joints. Walking training 
within the allowable pain range was initiated without 
weight-bearing limitations after drain removal on day-2 
postoperatively.

Types of implants
In both groups, proximal hydroxyapatite-coated cement-
less femoral components with a proximal porous coating 
consisting of pure titanium (PerFix-HA femoral compo-
nent; Kyocera, Kyoto, Japan) and hydroxyapatite-coated 
cementless hemispherical acetabular shells with a porous 
coating consisting of pure titanium (AMS-hydroxyapatite 
acetabular shell; Kyocera, Kyoto, Japan) were implanted. 
An alumina or zirconia ball and ABS (alumina ceramic 
inlay mechanically fixed to a polyethylene liner) or AMS 
(polyethylene liner) liner were used for the bearing sur-
face (Fig. 2B).

Outcomes
The outcomes of this study were the JOA hip score and 
use of walking aids, preoperatively and at the last post-
operative follow-up; length of hospital stay; follow-
up period; operating time; intraoperative blood loss; 

postoperative blood loss calculated from a drain tube; 
allogeneic blood transfusion; number of hips with allo-
geneic blood transfusions; number of hips with postop-
erative complications; number of hips that underwent 
revision surgery; laboratory data obtained preoperatively 
and at postoperative days 1 and 7. Postoperative haemo-
globin included data for patients who received allogeneic 
blood transfusions.

The JOA hip score consists of four subcategories and is 
calculated on a 100-point scale: pain, 40 points; range of 
motion, 20 points; gait ability, 20 points; and activities of 
daily living, 20 points. Laboratory data, including platelet 
count and creatine phosphokinase levels, were evaluated 
using routine blood tests.

Additionally, data were missing after propensity score 
matching; however, postoperative CT images were used 
to evaluate the gluteus medius on the surgical side in the 
transverse section, and the image information unification 
system ShadeQuest/ViewR (version 1.26.10; Yokogawa, 
Tokyo, Japan) was used to take measurements. A com-
plete-case analysis was used for the evaluation. The mid-
point of the line connecting the superior anterior iliac 
spine and the apex of the greater trochanter was defined 
in the frontal simple radiograph image of the pelvis for 
positioning when the CT image was captured. The cross-
sectional area (CSA) and CT value of the gluteus medius 
were measured at the midpoint level (Fig. 3A and B) [16].

Statistical analyses
Statistical analyses were performed using JMP Pro soft-
ware (version 15.2.0, SAS Institute Inc., Cary, NC, USA). 
Categorical variables were expressed as absolute and per-
centage values, and continuous variables were expressed 
as mean ± standard deviation. The Shapiro–Wilk test was 
conducted to evaluate the normality of the distribution 

Fig. 2  Representative simple radiographs of the bony-ankylosed group. A A preoperative frontal radiograph of a 65-year-old woman with a bony 
ankylosed right hip resulting from treatment of developmental acetabular dysplasia at age 10 years with cast immobilisation.B A frontal radiograph 
of the patient undergoing total hip arthroplasty on the right hip at 10 years postoperatively. The preoperative Japanese Orthopedic Association hip 
score was 73 points; however, this improved to 89 points at the time of the last follow-up
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of the continuous variables. A two-tailed F-test was used 
to evaluate variance. The Wilcoxon signed-rank test was 
used to compare the postoperative JOA hip score at the 
last follow-up and post-propensity score matching with 
the preoperative and pre-matching values, respectively, 
in the same group.

Comparisons between the bony-ankylosed and con-
trol groups were performed as follows: a two-tailed 
Student’s t-test was used to compare the post-propen-
sity score-matched height, weight, preoperative total 
JOA score, haemoglobin level, and alkaline phosphatase 
on the day prior to surgery and postoperative day 1. A 
two-tailed Welch’s t-test was used to compare the pre-
propensity score-matched height, body mass index, 
postoperative blood loss, and creatine phosphokinase 
level on postoperative day 1. The Mann–Whitney U test 
was used to compare the preoperative JOA hip score, 
except for the total score, postoperative JOA hip score 
at the last follow-up, preoperative and postoperative 
use of walking aids, length of hospital stay, follow-up 
period, operating time, intraoperative blood loss, allo-
geneic blood transfusion, laboratory data except for the 
haemoglobin level, alkaline phosphatase on preopera-
tive day and postoperative day 1, and creatine phospho-
kinase level on postoperative day 1, and postoperative 
CSA of the gluteus medius and CT values at that site. 
Post-hoc analyses were performed for the postopera-
tive total JOA hip score at the last follow-up (effect 
size d = 1.13, two-sided alpha = 0.05, sample size = 40 
and 40), CSA of the gluteus medius (effect size d = 1.88, 
two-sided alpha = 0.05, sample size = 11 and 8), and the 
CT value of the gluteus medius (effect size d = 1.39, 

two-sided alpha = 0.05, sample size = 11 and 8), result-
ing in calculated power values of 0.99, 0.96, and 0.79, 
respectively. Regarding CT imaging studies, intra-
rater reliability was assessed by two measurements 
recorded by one orthopaedic surgeon 1 week apart, and 
inter-rater reliability was assessed by measurements 
recorded by two orthopaedic surgeons. The intra-rater 
intraclass correlation coefficient (ICC) and inter-rater 
ICC values were 0.9448 and 0.8133 for the postopera-
tive CSA of gluteus medius and 0.9446 and 0.8512 for 
the postoperative CT values of gluteus medius at CSA, 
respectively, all of which were sufficiently reproducible 
to be classified in the first class by Wheeler’s Evaluat-
ing the Measurement Process method [17]. Following 
Cochran’s rule, Fisher’s test was used for the number 
of hips that underwent revision surgery and time of 
postoperative CT imaging, where more than 20% of the 
squares had an expected number less than five [18].

The chi-square test was used for to analyse sex, pre-
operative and postoperative use of walking aids, num-
ber of hips with allogeneic blood transfusions, number 
of hips with postoperative complications, where no 
squares had an expected number less than five [18]. 
Survival analysis was performed using Kaplan–Meier 
and log-rank tests for the acetabular side, femoral 
side, and both sides of the prosthesis, with total hip 
arthroplasty revision as the endpoint. The relationship 
between intraoperative blood loss and other variables, 
including the type of ankylosis, was evaluated using 
Spearman’s correlation coefficient in the bony-anky-
losed group. For all analyses, statistical significance was 
set at a p-value < 0.05.

Fig. 3  Computed tomography (CT) image of a patient with a bony ankylosed left hip after total hip arthroplasty. A The midpoint of the line 
connecting the superior anterior iliac spine and apex of the greater trochanter was defined in the frontal simple radiograph image of the pelvis 
for positioning when CT was performed. B At that midpoint level, the cross-sectional area and CT value of the gluteus medius, which is shown 
by an enclosed dotted line, were measured using the transverse section image on CT
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Results
Propensity score matching
The propensity score-matched population consisted of 
40 bony ankylosed (38 patients) and 40 non-ankylosed 
(40 patients) hips as matched controls. The area under 
the receiver operating characteristic curve for fitting 
the propensity score was 0.68. This value is an appro-
priate value for calculating the propensity score as it 
ranges from 0.6–0.9 and is not extremely close to 0.5 
or 1.0, which are considered inappropriate [19, 20]. 
The standardised mean differences in baseline demo-
graphics for the matched study population are shown 
in Table 1 and Fig. 4: all variables achieved an appropri-
ate balance (standardised mean difference < 0.1). In the 
bony-ankylosed group, the mean duration of ankylosis, 
as assessed by preoperative interviews with patients, 
was 36.1 ± 19.0  years, with 22 cases of spontaneous 
ankylosis and 18 of arthrodesis.

Clinical results
Intragroup comparison
In both groups, the postoperative JOA hip scores at the 
last follow-up had significantly improved compared 
to the preoperative scores for all components of “total”, 
“pain”, “range of motion”, “gait ability”, and “activi-
ties of daily living” (bony-ankylosed group: p < 0.0001, 
p < 0.0001, p < 0.0001, p = 0.0038, and p = 0.0001, respec-
tively; control group: p < 0.0001, p < 0.0001, p < 0.0001, 
p < 0.0001, and p < 0.0001, respectively; Table 2).

Comparison between the bony‑ankylosed and control groups
Preoperatively, the JOA hip scores for “total” and “pain” 
in the bony-ankylosed group were significantly higher 
than those in the control group (p < 0.0001 and p < 0.0001, 
respectively), whereas the scores for “range of motion” 
and “percentage of use of walking aids” were signifi-
cantly lower (p < 0.0001 and p = 0.0368, respectively). No 

Table 1  Baseline demographics for the propensity score-matched study population

* Significant differences (p < 0.05)

SMD Standardised mean difference, BMI Body mass index

Factors Pre-match Post-match

1:1 Bony-ankylosed
(N = 40)

Non-ankylosed
(N = 829)

p-value SMD Bony-ankylosed
(N = 40)

Non-ankylosed
(N = 40)

p-value SMD

Propensity score 0.08 ± 0.07 0.05 ± 0.04 < 0.0001* 0.678 0.08 ± 0.07 0.08 ± 0.07 1.000 0.002

Age (years) 60.2 ± 7.8 59.3 ± 9.2 0.251 0.097 60.2 ± 7.8 61.0 ± 9.3 0.958 0.099

Sex (Female) 24 (60.0%) 736 (88.8%) < 0.0001* 0.698 24 (60.0%) 24 (60.0%) 1.000 0.000

Height (cm) 156.8 ± 9.1 152.4 ± 6.8 0.005* 0.540 156.8 ± 9.1 156.4 ± 8.6 0.856 0.041

Weight (kg) 57.7 ± 8.8 55.5 ± 9.4 0.143 0.244 57.7 ± 8.8 57.1 ± 8.9 0.745 0.073

BMI (kg/m2) 23.4 ± 2.5 23.9 ± 3.7 0.279 0.146 23.4 ± 2.5 23.3 ± 2.6 0.796 0.058

Fig. 4  Covariate balance in the comparative study. Dot chart showing changes in the standardised mean difference before (circle) 
and after (inverted triangle) matching
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significant differences were observed between the two 
groups with regards the JOA hip scores for “gait ability” 
and “activities of daily living” (p = 0.5654 and p = 0.0563, 
respectively). Regarding the postoperative values, the 
JOA hip scores at the last follow-up for all components of 
“total”, “pain”, “range of motion”, “gait ability”, and “activi-
ties of daily living” were significantly lower in the bony-
ankylosed group than in the control group (p < 0.0001, 
p = 0.0382, p < 0.0001, p < 0.0001, and p = 0.0083, 
respectively).

The percentage of patients who used walking aids post-
operatively, length of hospital stay, operating time, intra-
operative and postoperative blood loss, allogeneic blood 
transfusion, number of hips with allogeneic blood trans-
fusions, and number of hips with postoperative compli-
cations were significantly higher in the bony-ankylosed 
group than in the control group (p < 0.0001, p < 0.0001, 
p < 0.0001, p < 0.0001, p = 0.0003, p < 0.0001, p = 0.0015, 
and p = 0.0021, respectively; Table 3).

Complications in the bony-ankylosed group included 
eight cases of heterotopic ossification (HO), with four 
grade 1, three grade 2 and one grade 3 in Brooker’s HO 

Table 2  Intragroup comparison of the Japanese Orthopaedic 
Association hip score

*  Significant differences (p < 0.05)

Continuous variables are expressed as mean ± standard deviation

JOA Japanese Orthopaedic Association, ROM Range of motion, ADL Activities of 
daily living

Group Factors Before 
surgery

Last 
follow-up

p-value

Bony anky-
losed

JOA hip score

Total 60.0 ± 9.8 76.4 ± 13.3 < 0.0001*

Pain 40.0 ± 0.0 37.6 ± 3.0 < 0.0001*

ROM 0.0 ± 0.0 13.1 ± 3.8 < 0.0001*

Gait ability 9.7 ± 5.6 12.4 ± 6.0 0.0038*

ADL 10.3 ± 4.9 13.9 ± 5.2 0.0001*

Control JOA hip score

Total 46.6 ± 12.4 90.0 ± 10.6 < 0.0001*

Pain 14.3 ± 7.5 38.6 ± 3.6 < 0.0001*

ROM 11.2 ± 3.5 16.8 ± 2.8 < 0.0001*

Gait ability 9.3 ± 3.5 17.8 ± 3.7 < 0.0001*

ADL 12.0 ± 2.5 16.8 ± 3.6 < 0.0001*

Table 3  Comparison of outcomes between bony-ankylosed and control groups

*  Significant differences (p < 0.05)

Continuous variables are expressed as mean ± standard deviation. Categorical variables are expressed as absolute and percent values

JOA Japanese Orthopaedic Association, ROM Range of motion, ADL Activities of daily living

Factors Bony-ankylosed Control p-value Odds ratio 95% 
confidence 
interval

Preoperative JOA hip score

  Total 60.0 ± 9.8 46.6 ± 12.4 < 0.0001*

  Pain 40.0 ± 0.0 14.3 ± 7.5 < 0.0001*

  ROM 0.0 ± 0.0 11.2 ± 3.5 < 0.0001*

  Gait ability 9.7 ± 5.6 9.3 ± 3.5 0.5654

  ADL 10.3 ± 4.9 12.0 ± 2.5 0.0563

  Preoperative use of walking aids 26 (65.0%) 34 (85.0%) 0.0368* 0.3 0.11–0.97

Postoperative JOA hip score at last follow-up

  Total 76.4 ± 13.3 90.0 ± 10.6 < 0.0001*

  Pain 37.6 ± 3.0 38.6 ± 3.6 0.0382*

  ROM 13.1 ± 3.8 16.8 ± 2.8 < 0.0001*

  Gait ability 12.4 ± 6.0 17.8 ± 3.7 < 0.0001*

  ADL 13.9 ± 5.2 16.8 ± 3.6 0.0083*

  Postoperative use of walking aids 21 (52.5%) 5 (12.5%) < 0.0001* 7.7 2.51–23.8

  Length of hospital stay (days) 29.3 ± 12.4 19.4 ± 9.2 < 0.0001*

  Follow-up period (years) 12.7 ± 2.7 11.6 ± 1.5 0.1619

  Operating time (minutes) 68.8 ± 19.9 34.8 ± 9.5 < 0.0001*

  Intraoperative blood loss (g) 328.5 ± 246.4 175.6 ± 136.3 < 0.0001*

  Postoperative blood loss (g) 834.1 ± 462.7 504.9 ± 284.5 0.0003*

  Allogeneic blood transfusion (unit) 2.4 ± 1.9 0.8 ± 1.2 < 0.0001*

  Complications 12 (30.0%) 2 (5.0%) 0.0021* 8.1 1.69–39.32

  Revision surgery 3 (7.5%) 1 (2.5%) 0.6153 2.1 0.18–23.59
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grade [21]; and loosening of the acetabular side prosthe-
sis; destruction of the femoral side prosthesis; peripros-
thetic joint infection; and dislocation in one case each. 
Complications in the control group included peripros-
thetic joint infection and dislocation in one case each.

Laboratory results
In the bony-ankylosed group on postoperative day 1, 
the platelet and creatinine phosphokinase levels were 
significantly lower and higher, respectively, than those 
in the control group (p < 0.0209 and p < 0.0034, respec-
tively; Table 4). A positive correlation was found between 
operative time and intraoperative blood loss; a negative 
correlation was found between age at primary THA and 
intraoperative blood loss, and between the duration of 
ankylosis before primary THA and intraoperative blood 
loss (p = 0.0001, p < 0.0080, and p < 0.0289, respectively; 
Table 5).

Radiographic results
To study the additional outcomes, CT was performed in 
11 and eight patients in the bony-ankylosed and control 
groups, respectively (19 cases). The mean postopera-
tive CSA of the gluteus medius in the bony-ankylosed 
group was 1363.3.9 ± 495.1 mm2, which was significantly 
lower than that in the control group (2377.5 ± 580.2 mm2; 
p = 0.0030).

The mean postoperative CT values of the gluteus 
medius at the CSA in the bony-ankylosed group was 
−4.4 ± 28.6 Hounsfield unit, which was significantly 
lower than that in the control group (31.8 ± 23.0 mm2; 
p = 0.0039). The mean time of postoperative CT imaging 
in the bony-ankylosed and control groups were 7.6 ± 3.5 
and 10.1 ± 2.6 years, respectively, which were not signifi-
cantly different (p = 0.2437).

Survival of acetabular and femoral components
The cumulative survival rates of the cup, stem, and over-
all, with revision as the endpoint, were not significantly 
different between the bony-ankylosed and control groups 
(p = 0.5620, p = 0.1753, and p = 0.3378, respectively; 
Fig. 5A–C).

Discussion
This study revealed two important clinical findings. 
First, except for pain, patients with bony ankylosed hips 
had improved JOA hip scores after THA; however, the 
pain scores were worse. Furthermore, the postopera-
tive JOA hip scores in all subcategories and the rate at 
which the use of walking aids was not required in the 
bony-ankylosed group were significantly lower than 
those in the control group. Second, the number of hips 

with postoperative complications was significantly 
higher in the bony-ankylosed group than in the control 
group.

The results of the current study showed that although 
the total JOA hip score of the bony-ankylosed group 
improved, the pain score worsened: this disadvan-
tage indicated some discomfort and fatigue in the hip 
that was originally pain-free. Compared to the con-
trol group, JOA hip scores were lower in the bony-
ankylosed group in all categories. More than half the 
patients (52.5%, 21/40) with bony ankylosed hips used 
a walking aid postoperatively (odds ratio, 7.7) com-
pared to 12.5% (5/40) of those in the control group. 
These results suggest that THA for patients with bony 

Table 4  Comparison of laboratory data between bony-
ankylosed and control groups

*  Significant differences (p < 0.05)

Continuous variables are expressed as mean ± standard deviation

POD Postoperative day, Hb Haemoglobin, Plt Platelet, AST Aspartate 
transaminase, ALT Alanine aminotransferase, CK Creatine phosphokinase, 
ALP Alkaline phosphatase, CRP C-reactive protein

Laboratory data Bony ankylosed Control p-value

Hb (g/dL)

  Preoperative 12.8 ± 1.7 13.4 ± 1.7 0.0706

  POD 1 10.1 ± 1.4 10.5 ± 1.6 0.2715

  POD 7 9.8 ± 1.5 10.3 ± 1.6 0.1342

Plt (× 109/L)

  Preoperative 229.6 ± 75.6 248.9 ± 70.6 0.1358

  POD 1 150.1 ± 42.4 178.4 ± 57.0 0.0209*

  POD 7 248.1 ± 6.6 277.3 ± 78.8 0.0898

AST (U/L)

  Preoperative 22.1 ± 7.4 22.4 ± 9.6 0.8756

  POD 1 24.5 ± 10.5 21.3 ± 7.1 0.1291

  POD 7 25.7 ± 9.4 23.3 ± 11.6 0.1501

ALT (U/L)

  Preoperative 19.1 ± 10.1 21.2 ± 19.3 0.5080

  POD 1 15.5 ± 7.1 15.8 ± 12.5 0.6637

  POD 7 27.0 ± 19.6 26.6 ± 31.8 0.4384

CK (mg/dL)

  Preoperative 104.3 ± 38.2 97.5 ± 48.3 0.3100

  POD 1 616.0 ± 402.4 318.2 ± 91.5 0.0034*

  POD 7 134.2 ± 83.4 140.2 ± 53.1 0.4784

ALP (IU/L)

  Preoperative 265.7 ± 93.4 268.8 ± 83.5 0.8871

  POD 1 186.8 ± 58.0 188.7 ± 66.2 0.9003

  POD 7 243.3 ± 94.3 266.2 ± 144.5 0.4355

CRP (mg/dL)

  Preoperative 0.2 ± 0.2 0.3 ± 0.4 0.1676

  POD 1 3.1 ± 1.6 3.2 ± 1.9 0.9873

  POD 7 2.0 ± 1.8 2.1 ± 1.8 0.3490
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ankylosed hips can somewhat improve the JOA hip 
score, but not to the same extent as THA for patients 
without ankylosed hips. This should be preoperatively 
communicated to patients with bony ankylosed hips 
who undergo THA.

Herein, a greater number of hips in the bony-ankylosed 
group had postoperative complications than those in the 
control group and the complications were characterised 
by HO. HO may be a consequence of the large number 
of bone fragments produced during osteotomy [22]. 

Table 5  Correlation between intraoperative blood loss and other variables in the bony-ankylosed group

*  Significant differences (p < 0.05)

THA Total hip arthroplasty, BMI Nody mass index, JOA Japanese Orthopaedic Association, Hb Haemoglobin, Plt Platelet, AST Aspartate transaminase, ALT Alanine 
aminotransferase, CK Creatine phosphokinase, ALP Alkaline phosphatase, CRP C-reactive protein

Factors Spearman’s correlation coefficient (ρ) p-value

Continuous variables

  Age at primary THA  −0.4135 0.0080*

  Height  −0.00135 0.9341

  Weight  −0.1454 0.3706

  BMI  −0.2529 0.1153

  Duration of ankylosis before primary THA  −0.3595 0.0289*

  Length of hospital stay 0.0000 1.0000

  Operative time 0.5703 0.0001*

  Postoperative blood loss 0.2821 0.0778

  Allogeneic blood transfusion  −0.0104 0.9494

  Preoperative total JOA hip score  −0.2836 0.0761

  Postoperative total JOA hip score at last follow-up  −0.2920 0.0752

  Preoperative laboratory data

  Hb 0.0157 0.9232

  Plt 0.2275 0.1580

  AST  −0.2696 0.1172

  ALT  −0.2555 0.1385

  CK  −0.1807 0.3223

  ALP 0.3299 0.0530

  CRP 0.2505 0.1190

Categorical variables

  Sex 0.8541

  Ankylosis type 0.8519

  Complications 0.1301

Fig. 5  Cumulative survival rates of the ankylosis group and the control group at 10 years. The cumulative survival rates for the acetabular side 
of the prosthesis (A) for the ankylosis and control groups were 95.0% and 97.5%, respectively. The cumulative survival rates for the femoral 
side of the prosthesis (B) for the ankylosis and control groups were 97.5% and 100%, respectively. The cumulative survival rates of both sides 
of the prosthesis (C) in the ankylosis and control groups were 95% and 97.5%, respectively
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Another possible reason is soft tissue damage during sur-
gery. Soft tissue damage due to surgery provides an envi-
ronment for osteoblasts to develop from mesenchymal 
cells, causing HO [23, 24]. We observed that blood cre-
atine phosphokinase levels on the first postoperative day 
in the bony-ankylosed group were higher than those in 
the control group; creatine phosphokinase levels increase 
with soft tissue—including skeletal muscle—damage [25, 
26]. We hypothesise that damage to the soft tissue dur-
ing surgery was greater in the bony-ankylosed group than 
in the control group because of the significant adhesions 
and anatomical variations around the hip joint, which 
required a more extensive approach than in normal THA 
procedures.

THA for an ankylosed hip requires a higher level of 
surgical skill for osteotomy and soft tissue approach and 
a longer operative time than normal THA [27]. In the 
current study, intraoperative blood loss, operative time, 
and blood transfusion were higher in the bony-ankylosed 
group than in the control group, and the platelet count 
on postoperative day 1 was lower. Additionally, intra-
operative blood loss and operative time were positively 
correlated. Age at the time of THA and the duration of 
ankylosis also showed negative correlations with intra-
operative blood loss. Skeletal muscle is a vascular-rich 
tissue; however, muscle mass and vascularity decrease 
with age and prolonged lack of use [28]. We believe that 
this negative correlation occurred because the amount 
of muscle approached at the time of surgery differed 
depending on the age and duration of ankylosis. There-
fore, adequate blood transfusion preparation should be 
ensured prior to THA for ankylosed hips, especially in 
young patients or patients with short duration ankylosis.

The gluteus medius is one of the major muscles of the 
hip abductor group and an important determinant of hip 
function: it ensures hip stability and controls pelvic pos-
ture during standing and walking [29]. Decreased gluteus 
medius volume is the main cause of limp gait in patients 
with hip joint osteoarthritis [30, 31]. A decrease in the 
CT values of the gluteus medius represents an atrophic 
change in the nature of the muscle and muscle weakness 
in patients with gait disturbance [16]. Herein, the bony-
ankylosed group had significantly lower CSA and CT val-
ues of the gluteus medius than the control group. Thus, 
gluteus medius atrophy may have contributed to lower 
JOA hip scores and longer hospital stays in the bony-
ankylosed group.

Several studies have reported implant survival rates 
for THA of ankylosed hips. Hamadouche et al. reported 
an 8-year survival rate of 96.7% and Joshi et al. reported 
a 10-year survival rate of 96.1% [32, 33]. Paxton et  al. 
conducted an international comparison of implant 
survival rates of primary THA for osteoarthritis and 

reported survival rates of approximately 93–95% 
[34]. In the current study, the 10-year survival rate of 
implants in the bony-ankylosed group was 95%, which 
is comparable with the three aforementioned reports 
and the current study’s control group. In this study, 
the THAs performed on the patients with bony anky-
losed hips had high survival rates. In contrast, Richards 
and Duncan reported a 10-year survival rate of 74.2% 
for conversion of hip arthrodesis to THA [35]. They 
reported lower survival rates than those of our study. 
Although a statistical examination was not possible, the 
mean age of the patients in their study (50  years) was 
lower than that in our study (60.2 years). The relatively 
older age of our patients at the time of surgery and the 
different generations of implants may have affected the 
survival rate of the implants.

This study had four limitations. First, this was a retro-
spective, single-centre study. However, we used propen-
sity score matching to minimise confounding factors. 
Second, due to inadequate data recording, we could not 
assess the outcomes of adjacent joint disorders. Third, 
only a small number of patients underwent postopera-
tive CT. However, the statistical power of the outcomes 
was sufficient. Fourth, many patients were excluded due 
to follow-up periods of less than 10 years. The reason for 
this is that many patients came to the hospital from far 
away and the follow-up may have been carried out by 
the patient’s neighbouring doctor, making the follow-up 
untraceable.

In summary, THA for patients with bony ankylosed 
hips achieved positive results, such as increased JOA hip 
scores for all items except pain; however, these scores 
were inferior to those observed in patients with non-
ankylosed hips. The number of hips with postoperative 
complications was significantly higher in the bony-anky-
losed group than in the control group.
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