
Vol.:(0123456789)

European Journal of Orthopaedic Surgery & Traumatology 
https://doi.org/10.1007/s00590-024-04083-6

ORIGINAL ARTICLE

Free bone fragments are associated with the development 
of heterotopic ossification after hemiarthroplasty for femoral neck 
fracture: a retrospective observational study

Hiroyuki Yokoi1   · Yasuhiko Takegami1 · Satoshi Ochiai2 · Takumi Miyachi2 · Tetsuya Urasaki2 · Shiro Imagama1

Received: 22 June 2024 / Accepted: 18 August 2024 
© The Author(s) 2024

Abstract
Purpose  Heterotopic ossification (HO) can occur after hemiarthroplasty (HA) for femoral neck fractures (FNF). This study 
aimed to investigate the frequency and factors contributing to the development of HO after HA.
Methods  The study included data from 92 of 183 patients (26 male and 66 female) who sustained FNF and underwent HA 
between April 2019 and January 2022. HO was identified on postoperative radiographic images. Patient background, opera-
tive duration, blood loss, and presence of free bone fragments immediately after surgery were compared between the HO 
and non-HO groups. Statistical analyses included the independent-sample t-test for continuous variables and the chi-squared 
test for categorical variables. A multivariate logistic regression analysis was performed using HO as an objective variable.
Results  HO occurred in 50 of the 92 (54%) patients. There were no statistically significant differences in patient backgrounds. 
Univariate analysis revealed significantly longer mean operative duration and greater blood loss in the HO group. Free bone 
fragments in the immediate postoperative period were observed in 29 of 50 (58%) patients in the HO group and in 3 of 42 
(7.1%) patients in the non-HO group, a statistically significant difference. Logistic regression analysis revealed that the pres-
ence of free bone fragments was an independent explanatory factor for HO development.
Conclusion  The presence of free bone fragments immediately after surgery may be significantly associated with the develop-
ment of HO. Therefore, it is necessary to sufficiently remove such fragments during surgery because they may trigger HO.
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Introduction

Heterotopic ossification (HO) is defined as the formation of 
lamellar bone in non-osseous tissues, such as muscles and 
joint capsules. HO is a relatively common complication of 
hip surgery involving open reduction and internal fixation, 
total hip arthroplasty (THA), or hemiarthroplasty (HA) [1]. 
HO is typically asymptomatic; however, severe HO causes 
pain and limitation(s) of the hip range of motion, which in 
turn leads to decreased gait function [2, 3]. A recent study 

reported a 15–90% prevalence of HO after THA [4–6]. How-
ever, there are few data regarding HO in the femoral neck 
of patients who underwent HA. Ozturkmen et al. reported 
a 0% incidence of HO in 48 patients who were treated with 
cementless HA for femoral neck fractures (FNF) [7]. In con-
trast, Corrigan et al. investigated 80 patients aged > 60 years 
undergoing HA for femoral neck fractures and reported an 
HO incidence of 27% [8].

Several studies have reported that factors such as a his-
tory of HO, hypertrophic osteoarthritis, and ankylosing 
spondylitis are associated with the development of HO 
in patients with hip disease. In a systematic review com-
paring cemented and cementless HA, Elmenshawy et al. 
reported that HO was significantly associated with longer 
operative duration, greater blood loss, and the use of bone 
cement [9]. In addition, some studies have reported a rela-
tionship between bone debris (i.e., free bone fragment[s]) 
during surgery and HO, which introduces a signal from 
the site of injury in an environment conducive to the 
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promotion of heterotopic bone growth [5, 10, 11]. How-
ever, the definition of free bone fragments is ambigu-
ous, and there is no established assessment. Few studies 
have investigated the relationship between HO and free 
bone fragment(s), which can be identified using X-radi-
ography. This single-center, retrospective study aimed 
to investigate the incidence of HO after HA in patients 
who sustained FNF and to identify factors influencing 
the development of HO, including the presence of free 
bone fragments.

Materials and methods

Study design and setting

This was a retrospective, observational study. All patients 
provided informed consent, and the study protocol was 
approved by the ethics review board of the authors’ 
hospital.

Patient selection

The medical records of 183 patients who underwent HA 
for FNF between April 2019 and January 2022 were retro-
spectively reviewed. The inclusion criteria were cemented 
or cementless HA with at least 6-month follow-up period. 
Patients with HO at the time of surgery and those who 
underwent revision surgery were excluded. Finally, data 
from 92 patients were analyzed (Fig. 1).

Data collection

Patient demographic data, including age, sex, body-mass 
index (BMI), pre-injury mobility level (graded as independ-
ent, cane ambulation, front-walker or frame ambulation, 
wheelchair, and bedridden), days to surgery, American Soci-
ety of Anesthesiologists classification, operative duration, 
blood loss, and use of NSAIDs (loxoprofen sodium, 60 mg) 
during admission were obtained from electronic medical 
records housed in the authors’ hospital. The Parker Mobil-
ity Score (PMS) [12] before injury was also recorded, which 
was used to assess patient ambulatory status and walking 
ability, and was rated on a scale of 0 to 9.

Diagnosis of HO

The frequency of HO and the stage of extension based on 
the Brooker classification [13] were evaluated using imme-
diate postoperative radiographic images, and at 2, 12, and 
24 weeks postoperatively. HO was defined as the detection 
of HO at any time point. The Brooker classification divides 
the extent of HO formation into four classes: class 1 (islands 
of bone within the soft tissues of the hip), class 2 (bone spurs 
originating from the pelvis or proximal end of the femur, 
leaving ≥ 1 cm between opposing bone surfaces), class 3 
(bone spurs originating from the pelvis or proximal end of 
the femur, reducing the space between opposing bone sur-
faces to < 1 cm), and class 4 (apparent hip bone ankylosis). 
Brooker did not describe a “class 0” in the original study; 
however, subsequent studies using the Brooker classification 
have defined class 0 as the absence of radiographic HO [14].

Fig. 1   Study flowchart

HA, hemiarthroplasty; HO, heterotopic ossification

From April 2019 to January 2022 HA: 183 hips

Cement HA and cementless HA with Taper wedge stem: 94 hips

Exclusion criteria

Follow-up<6months: 81 hips

Cementless HA except for Taper wedge stem: 5 hips

HO already present at time of surgery: 3 hips

Included in this study: 92 hips

Revision due to periprosthetic fracture: 2 hips



European Journal of Orthopaedic Surgery & Traumatology	

Radiographic evaluation

Anteroposterior and lateral views of radiographs captured 
postoperatively and at 2, 12, and 24 weeks, were used to 
assess HO. Fragments ≥ 3 mm in or around the capsule with 
a clear boundary from surrounding tissues, having a high 
density equivalent to that of bone, were defined to be valid 
free bone fragments (Fig. 2 A, B). In addition, only new 
bone fragments that appeared postoperatively were con-
sidered valid to exclude bone fragments that were present 
before surgery.

The Dorr classification [15] was used to evaluate the 
medullary cavity morphology of the femur. The femurs were 
classified as A, B, or C based on their shape and bone struc-
ture. Classically, type A femurs have the narrowest isthmus 
(the narrowest part of the femoral canal), whereas type C 
femurs have the widest, with the isthmus being defined as 
the narrowest part of the canal. Radiographic assessments 
were reviewed independently by two orthopedic trauma sur-
geons who assessed 92 randomized radiographs. The Kappa 
coefficient (for categorical data) for interobserver reliability 
was 0.74.

Surgical procedure

The surgery was performed by a team of seven orthopedic 
surgeons with varying levels of experience ranging from 
1 to 10 years. A conventional posterior approach was used 
in all cases to ensure a consistent surgical technique across 
the cohort. Hip stem selection was based on a comprehen-
sive assessment of each surgeon’s preference and the com-
plex morphology of the femoral marrow. Exeter hip stems 
(Stryker Orthopaedics, Mahwah, NJ, USA) were selected 
in 20 cases in which a cemented approach was deemed 
appropriate. In 72 cases, tapered wedge stems were used 

as cementless stems. Of these, INITIA stems (Kyocera, 
Kyoto, Japan) were used in 54 cases, Taperloc Complete 
Stems (Zimmer Biomet, Warsaw, IN, USA) in 11, and 
Accolade 2 Hip Stems (Stryker Orthopaedics, Nahawa, 
NJ, USA) in seven.

Significant attention was devoted to postoperative 
care, with all patients granted full weight bearing. This 
postoperative directive reinforces the successful outcome 
achieved by the meticulous execution of the surgical 
procedure.

Clinical evaluation

The PMS and 11-point pain intensity numerical rating 
scale (NRS 11) were used to assess treatment outcomes at 
the final follow-up examination. The NRS 11 is based on 
an 11-point scale scored from 0, representing “no pain” 
to 10, representing “pain as bad as you can imagine” and 
“worst pain imaginable” [16].

Statistical analysis

The patients were divided into two groups based on the 
presence (group P) and absence of HO (group A). Statisti-
cal analyses were performed using EZR software (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan). 
An independent-sample t-test was used for continuous 
variables, whereas a chi-square test was used to compare 
categorical variables. In addition, a multivariate logistic 
regression analysis was performed using ectopic ossifica-
tion as an objective variable. Differences with p < 0.05 
were considered to be statistically significant.

Fig. 2   Free bone fragment 
immediately after surgery. A 
Anteroposterior radiograph. 
Arrowhead shows free bone 
fragment. B Lateral radiograph. 
Arrowhead shows free bone 
fragment
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Results

The study population consisted of 92 patients (26 males 
and 66 females), with a mean age of 80.0 years (range, 
61–95 years). The baseline characteristics of the patients 

are summarized in Table 1. The mean follow-up period 
was 22.9 months (range, 6–41 months).

In this cohort, 50 (54%) patients developed HO. Among 
those affected, 24 were classified as class 1, 22 as class 2, 
and four as class 3, whereas no cases were classified as 
class 4. None of the patients exhibited clinically significant 
HO, and no surgical intervention involving HO resection 
was required. No significant differences in clinical out-
comes were observed, including PMS and NRS scores, 
between the two groups (Table 2).

The surgery-related factors are summarized in Table 2. 
There was no significant difference in the number of 
cemented cases between the two groups (p = 0.13). The 
operative duration and blood loss were greater in group 
P than in group A. The number of cases involving free 
bone fragments was significantly higher in group P than in 
group A (29/50[58%] versus [vs.] 3/42[7.1%]).

Logistic regression analysis revealed that the presence 
of free bone fragments was an independent factor related 
to the development of HO in patients who underwent bipo-
lar HA (BHA) (odds ratio 23.4 [95% confidence interval 
5.18–105]; p < 0.001) (Table 3).

Representative case

An 89-year-old male sustained a fracture of the right femo-
ral neck after falling while walking for which he under-
went BHA on day 7. Free bone fragments were observed 
on the medial side of the hip joint (Fig. 3A, white arrow-
head). At 24 weeks postoperatively, class 3 HO was evi-
dent on the medial side of the hip joint (Fig. 3B).

Table 1   Patient demographics

BMI, body-mass index; ASA, American Society of Anesthesiologists; 
HO, heterotopic ossification; NSAID, nonsteroidal anti-inflammatory 
drug

Group P Group A p value

Patients, n 50 42
Mean age, yrs (SD) 80.4 (7.3) 79.6 (9.5) 0.68
Sex, n (%) 0.49
 Men 16 (32) 10 (23.8)
 Women 34 (68) 32 (76.2)

Mean BMI, kg/m2 (SD) 20.8 (4.1) 20.8 (3.6) 0.95
Pre-injury mobility, n (%) 0.22
 Independent 33 (66) 21 (50)
 One aid 12 (24) 12 (28.6)
 Walker or frame 5 (10) 9 (21.4)
 Wheelchair 0 0

Mean days to surgery (SD) 8.7 (5.8) 6.8 (5.4) 0.12
Dorr classification, n (%) 0.57
 A 18 (36) 11 (26.1)
 B 30 (60) 30 (71.4)
 C 2 (4) 1 (2.4)

ASA classification, n (%) 0.52
 1 0 0
 2 31 (62) 29 (69)
 3 19 (38) 13 (31)
 4 0 0

NSAID usage, n (%) 7 (14) 9 (21.4) 0.41

Table 2   Clinical outcomes and 
surgery-related factors

HO, heterotopic ossification; PMS, Parker Mobility Score; SD, standard deviation; NRS, numerical rating 
scale
*p < 0.05

Group P (n = 50) Group A (n = 42) p value

Mean pre-injury PMS (range; SD) 7.26 (4 to 9; 1.32) 7.00 (4 to 9; 1.62) 0.40
Mean PMS (range; SD) 6.24 (2 to 9; 2.04) 6.19 (2 to 9; 2.13) 0.91
Mean NRS (range; SD) 0.92 (0 to 7; 1.53) 0.74 (0 to 5; 1.17) 0.53
Mean operative time, min (SD) 79.4 (31) 66.3 (11.7) 0.01*
Mean blood loss, g (SD) 226 (136) 156 (87.8) 0.006*
Patients who had free bone fragments, n (%) 29 (58) 3 (7.1)  < 0.001*
Femoral component, n (%) 0.13
cementless stem 36 (72) 36 (85.7)
cemented stem 14 (28) 6 (14.3)
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Discussion

HO occurred in 54% of the patients in our cohort, with the 
majority of cases being Brooker class 1 or 2. The presence 
of free bone fragments was significantly associated with 
the development of HO in the patients who underwent 
HA. The incidence of HO in our cohort (54%) was higher 
than that reported in previous studies (0–28%). However, 
in these studies, HO was assessed at only one time point 
using anteroposterior radiography. In contrast, our study 
evaluated HO at four different time points (i.e., postop-
eratively and 2, 12, and 24 weeks after surgery) using 

both anteroposterior and lateral radiographs, which may 
have led to an overestimation. In addition, the number of 
patients using NSAIDs was relatively small. NSAIDs have 
the potential to prevent the development of HO [17], and 
a lack thereof could contribute to an elevated risk of HO.

The presence of free bone fragments was significantly 
associated with the development of HO in the patients who 
underwent HA. Histological studies have revealed that HO 
can be induced by both intramembranous processes, which 
do not involve cartilage formation and endochondral pro-
cesses, which require a cartilage template [10]. The patho-
physiology of HO involves excessive formation of ectopic 
cartilage, followed by endochondral bone formation, and 
is triggered by injury. During this process, free bone frag-
ments may act as scaffolds for HO. HO pathogenesis is 
believed to result from the differentiation of mesenchy-
mal cells into osteoprogenitor cells. To form heterotopic 
bone, there must be an inciting event, such as surgery, a 
supply of mesenchymal cells, such as bone debris, and a 
signal from the site of injury in an environment condu-
cive to promoting heterotopic bone growth [18–20]. HO 
can be experimentally induced by trauma to soft tissues, 
transplantation of living cells, or bone extracts such as 
bone morphogenetic proteins [21]. Several investigators 
have attributed “bone dust” to the stimulation of HO [18, 
22]. To prevent HO from free bone fragment(s), several 
previous studies have reported that massive intraoperative 
rinsing effectively prevents HO. Kantak et al. reported sig-
nificantly less HO with rinsing using ≥ 3000 ml compared 
with rinsing using ≤ 1000 ml in 175 patients undergoing 
their first THA [5]. The importance of this surgical tech-
nique has been supported by Shields et al., who placed a 
plastic drape around the femoral head and neck, covering 

Table 3   Multivariate analysis

 BMI, body-mass index; ASA, American Society of Anesthesiologists
*p < 0.05 
+ The Odds ratio is for present ossification as compared with absent 
ossification; the 95% confidence interval (CI) is given for the occur-
rence of HO

Odds ratio (95% CI)+ p value

Age 1.04 (0.97–1.12) 0.92
Gender 0.80 (0.22–2.92) 0.73
BMI 0.99 (0.85–1.16) 0.91
Mean days to surgery 0.97 (0.87–1.09) 0.62
Dorr classification 0.49 (0.14–1.67) 0.25
ASA classification 2.44 (0.69–8.69) 0.17
Mean operative time 1.03 (0.99–1.07) 0.11
Mean blood loss 1.00(1.00–1.01) 0.22
Patients who had free bone 

fragments
23.4 (5.18–105)  < 0.001*

Cemented stem 1.68 (0.34–8.43) 0.53

Fig. 3   Representative case: 
89 years-old male. A The imme-
diate postoperative period. A 
5 mm-sized free bone fragment 
is seen medially (arrowhead). B 
24 weeks postoperatively. Class 
3 heterotopic ossification is seen 
medially
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the soft tissues to collect and contain bone debris dur-
ing femoral preparation, and reduced the formation of HO 
from 58.3 to 32.8%. Ahrengart et al. and Sell et al. sug-
gested that clearing the surgical site of bone fragments 
contributes to lower HO rates. In our study, we considered 
new free bone fragments that appeared immediately after 
surgery to be significant; therefore, free bone fragments 
must have emerged during surgical manipulations such as 
femoral neck cutting and head removal.

Although no free bone fragments were observed under 
direct observation during the surgery, some may have been 
left behind. Therefore, careful palpation of the surgical field, 
use of drapes to prevent bone fragments, and adequate rins-
ing should be considered in future surgeries.

Some systematic reviews and meta-analyses have reported 
a higher risk of HO in HA with cement [9, 23]. Both the 
heat released by the polymerization of bone cement and its 
cytotoxicity may stimulate HO formation in the surround-
ing tissues. However, our study did not indicate that cement 
use was associated with the development of HO. The small 
sample size of this study may have contributed to the lack 
of significant differences.

Our study has several limitations, the first of which is its 
retrospective design and the possibility of selection bias, in 
addition to its low evidence level. The fact that the follow-
up rate was only 50% may also have introduced a selection 
bias. Second, this was a short-term follow-up study. In vitro 
and animal studies have shown that the events involved in 
the development of ossification occur during the first few 
days following the procedure [19, 24]. Therefore, a long-
term study may not be necessary to investigate the pres-
ence of HO. Third, although the data were collected from 
several cases, the sample size was relatively small. Fourth, 
we assessed functional outcomes based only on pre-injury 
mobility levels. This study involved a radiological review 
without clinical outcome assessment. Therefore, our conclu-
sions are limited to radiographic analysis, and we are unable 
to comment definitively on the effect of our intervention on 
clinical outcomes. However, our study was not designed to 
compare the clinical outcomes. Fifth, we used only radio-
graphs to evaluate free bone fragments, which may have 
resulted in an underestimation. Although additional evalua-
tion using computed tomography would have been more pre-
cise, we believe that radiography, which can be performed 
early in the postoperative period, is a simple and realistic 
method. Sixth, the study population was exclusively Asian. 
The homogeneous background of patients undergoing HA 
may differ from that in other studies, resulting in different 
clinical outcomes. Seventh, clinical assessment was per-
formed by orthopedic surgeons, which may have affected the 
results owing to observer bias. Finally, several femoral stems 
were used, and several operators performed the procedures, 
which may have confounded the results.

HO was observed in 54% of the study population. The 
multivariate analysis revealed that free bone fragments in the 
immediate postoperative period may trigger the development 
of HO. Nevertheless, further studies with larger sample sizes 
and long-term follow-up are warranted.
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