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Abstract
Background  This study aims to evaluate the incidence of clinically significant heterotopic ossification (HO) in primary 
total hip arthroplasty (THA), comparing outcomes with and without the adoption of an HO prophylactic protocol in male 
patients under 70 years of age.
Methods  The prophylactic protocol involved the administration of 50 mg of Indomethacin twice daily for 3 weeks. HO pres-
ence was classified according to the Brooker classification system, considering “severe” clinically significant HO (Brooker 
grade 3 and 4).
Results  Two hundred and seventy-nine patients were included in our study, and an overall HO rate of 68.2% versus a rate of 
61.5% was found respectively in patients not subjected and subjected to prophylactic protocol, without significant difference 
(PR 0.062). However, patients not subjected to the HO prophylactic protocol exhibited a severe HO rate of 22.4% compared 
to 7.7% in the prophylactic group, with a statistically significant difference (P = 0.008).
Conclusions  Our study demonstrated that prophylactic protocol adoption is significantly associated with lower rate of severe 
HO in male patients under 70 years of age. Currently, there are no orthopedic guidelines for the prevention and management 
of HO after THA, but in the absence of contraindications, the adoption of a prophylactic protocol for HO should always be 
considered in high-risk patients.
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Introduction

Total hip arthroplasty (THA) has a worldwide increasing 
diffusion [1, 2], showing good long-term results [3]. One 
common complication of this procedure is heterotopic 
ossification (HO) [4]: an abnormal formation of bone in 
extra-skeletal soft tissue [5, 6]. HO can lead to significant 
functional limitations and decreased satisfaction rates [7–9]. 
Zhu al [10] reported an average HO rate of 30% after THA, 
while other studies have documented rates ranging from 
15 and 90% [11, 12]. Conversely, a recent meta-analysis 
demonstrated a 54–64% reduction in HO incidence with an 
adequate prophylactic protocol [13].

The most common combination of risk factors is male 
gender and young age [10, 14] representing an active and 
highly functional demographic where clinically severe HO 
could be a significant complication that should be avoided 
with adequate prophylactic treatment.

The aim of this study is to compare the incidence of clini-
cally significant HO in two groups of male patients under 
70 years of age following THAs performed with a postero-
lateral approach; the control group did not receive a pro-
phylactic protocol, while the study group received 50 mg 
of Indomethacin twice daily for 3 weeks beginning the day 
after surgery.

Materials and methods

This retrospective study was conducted at a single large teach-
ing hospital, with the study protocol approved by the local 
committee (2018/2022), trial number 038.815 (final approval 
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on 26/6/2019). Male patients under 70 years of age who under-
went a THA with a posterolateral approach during a 15-year 
period were included. Patients were assigned to the control 
group if they did not receive the HO prophylactic protocol, 
or to the study group if they received 50 mg of Indomethacin 
twice daily for 3 weeks starting the day after surgery.

Exclusion criteria included the absence of X-ray follow-up 
longer than 2 years or simultaneous bilateral THA.

Data collected for both groups included age at surgery, 
preoperative diagnosis (primary or secondary hip arthritis, 
femoral or acetabular fracture), and the presence of relevant 
systemic diseases.

Two orthopedic surgeons reviewed the 2-year follow-up 
X-rays and classified the HO (if present) according to the 
Brooker classification system [15]: no ossification (grade 0), 
islands of bone in the soft tissues around the hip (grade 1), 
bone spurs from the proximal femur or pelvis with at least 
1 cm between opposing bone surfaces (grade 2), bone spurs 
from the proximal femur or pelvis with less than 1 cm between 
opposing bone surfaces (grade 3) and apparent bone ankyloses 
of the hip (grade 4). According to literature [10, 11, 16], we 
considered “severe” clinically significant HO (Brooker grade 
3 and 4).

Statistical analysis

All data were analyzed with standard descriptive statistics. T 
test and Chi2 test were employed to compare the two groups 
in terms of age, preoperative diagnosis, and presence systemic 
diseases.

Univariate analysis with the Chi2 test was performed 
regarding severe HO presence (yes or no).

The relationship between severe HO and patients’ char-
acteristics was assessed with multivariate linear regression 
models. P values lower than 0.05 were considered statistically 
significant. All analyses were performed using Stata version 12 
(Stata Corporation, College Station, TX, USA).

Results

During the study period, 362 male patients under 70 years 
of age underwent a THA with posterolateral approach. In 75 
cases, no X-ray follow-up longer than 2 years was retrievable, 
and eight patients underwent a simultaneous bilateral THA; 
therefore, 279 patients were included and assigned to the two 
groups; control group was composed by 214 patients, while 

remaining were included in the study group. The mean age was 
52 and 52.7 years old respectively for the first and the second 
group, without a statistically significant difference (Pr = 0.64).

The preoperative diagnosis was primary arthritis in 53.1% 
of study group and 47.7% of control group, respectively, 
in 44.1% and 47.2% diagnosis was secondary arthritis, and 
post-traumatic in 3% and 7%. The two groups were not 
significantly different in terms of preoperative diagnosis 
(Pr = 0.277).

At the time of surgery, 20.3% of patients presented sys-
temic diseases in the study group and 16.4% in control 
group. The two groups were not significantly different in 
terms of systemic diseases (Pr 0.063).

HO was found in 66.7% of cases; in the control group, 
the overall rate found was 68.2%, while in the case group, 
it was 61.5% with no statistically significant differences 
(PR 0.062). According to the Brooker classification system, 
35.5% of patients were classified as grade 1, 12.2% as grade 
2, 10.8% as grade 3 and 8.2% as grade 4 (Table 1).

Analyzing only the severe HO, control group showed 
severe HO rate of 22.4% versus 7.7% found in the study 
group (P = 0.008).

HO prophylactic protocol adoption was found to be sig-
nificantly and independently associated with lower rate of 
severe HO in the multivariable analysis (Table 2).

Discussion

Currently, there are no orthopedic guidelines about preven-
tion and management of HO after THA [12, 17]. To date, 
for HO prevention, radiotherapy has the best prophylaxis 
effectiveness for HO after THA but presents higher cost and 
complex management: for these reasons may be the most 

Table 1   Patients classified 
according to Brooker 
classification system, with 
and without adoption of HO 
prophylactic protocol

Brooker 0 Brooker 1 Brooker 2 Brooker 3 Brooker 4 Total

Control group 68 70 28 27 21 214
Study group 25 29 6 3 2 65
Total 93 99 34 30 23 279

Table 2   Multivariable analysis showing statistically significant asso-
ciation between HO prophylactic protocol adoption and lower rate of 
severe HO

Coefficient Std. Error P 95% Conf. 
Interval

Age 0.007 0.017 0.665 − 0.025/0.04
Preop diagnosis − 0.312 0.288 0.279 − 0.877/0.253
General diseases − 0.147 0.417 0.724 − 0.96/0.67
Prophylaxis proto-

col
− 1.303 0.497 0.009 − 2.27/− 0.33
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appropriate approach in high-risk patients (ipsilateral high-
grade HO) or in those with contraindications to NSAIDS 
[17–20].

Nowadays, NSAIDs are the most frequently utilized pro-
phylactic agents [17, 21]. Specifically, selective cyclooxy-
genase 2 (COX-2) inhibitors have demonstrated comparable 
effectiveness in preventing HO formation following hip sur-
gery, while exhibiting reduced gastrointestinal side effects 
compared to non-selective NSAIDs [18, 19].

To date, based on our knowledge, there are no other sci-
entific studies focusing specifically on HO after THA in 
high-risk patients such as males under 70 receiving Indo-
methacin prophylaxis. Therefore, direct comparison of our 
results with others is challenging. However, some findings in 
the literature show comparable values to ours. For instance, 
in the study by Barbato et al. [22], patients without proph-
ylaxis exhibited an HO incidence of 55% and 8.9% when 
considering only Brooker 3 and 4 cases. Conversely, in our 
study, patients undergoing indomethacin prophylaxis did not 
experience any cases of Brooker 3 or 4 HO, with an overall 
HO incidence of 23.1%. It is important to note that these 
studies involved a less standardized patient population, and 
their prophylaxis regimen was based on celecoxib.

In our study, the overall incidence of HO was 66.7% 
of cases, similar to rates reported by other authors, which 
can be as high as 90% [12, 23]. According to the litera-
ture, approximately 15% of patients with HO following 
THA experience pain and restricted range of motion in the 
affected hip [8].

Our study focused on a cohort of male patients under 
70 years of age, a demographic we identified as being at 
highest risk. Male sex is widely acknowledged as a signifi-
cant risk factor for clinically relevant HO following THA 
[10, 24, 25]. Regarding age, there is not complete consen-
sus among researchers: Zhu et al. [10] and Eggli et al. [24] 
argue that age is not a risk factor for HO in THA, while Biz 
[26] suggests a correlation between younger age and HO 
formation.

Eggli et al. [7] showed that patient satisfaction after a 
THA was significantly influenced by HO degree, dropping 
from almost 90% in Brooker grade 0 to less than 30% in 
Brooker grade 3 and 4. Also patients’ rate with mild or 
severe pain was influenced by HO, increasing from less than 
10% to more than 50% from Booker grade 0 to Brooker 
grade III and IV. Moreover, it is reported that walking capac-
ity decrease and use of analgesic increase statistically in the 
highest grades of Brooker classification [7].

According to our experience, according to these last con-
siderations and to other authors [10, 11, 16], we considered 
only “severe” clinically significant HO (Brooker grade 3 and 
4).

Male patients under 70  years of age are usually the 
most demanding patients in which the presence of HO, in 

particular high-grade HO, could be more disabling: for these 
reasons, we choose this cohort and this cut-off on Brooker 
grade.

As we already said, there is still not a complete concord-
ance between authors [10, 24, 26] if age is or not a risk fac-
tor for HO formation; in any case in our study, there is no 
age difference between groups subjected and not subjected 
to HO-prophylaxis protocol. Some authors showed that a 
diagnosis of primary or secondary arthritis could be a risk 
factor for HO respect a femoral neck fracture [26], such as 
the presence of systemic diseases respect its absence [10, 
27]; in our study, there are no difference about these risk 
factors between groups of patients subjected or not to pro-
phylactic protocol.

According to Oni et al. [16], our study showed that the 
prophylaxis protocol has the most effectiveness in preven-
tion of severe HO, the most disabling HO form in particular 
in our cohort of patients and highlighted as prophylactic 
protocol adoption was independently associated with lower 
rate of severe HO.

This study shows that taking a postoperative protocol 
with Indomethacin can statistically significantly reduce the 
percentage of severe HO (Brooker 3 and 4). The fact that the 
same statistically significant difference was not identified 
for mild HO can be explained by two reasons: firstly, this 
is a high-risk subpopulation in which the formation of cal-
cifications cannot be reduced to zero to date, and secondly, 
the prophylaxis implemented may have reduced the natural 
pathophysiological process of heterotopic calcification so 
that they would stop at milder forms instead of progressing 
to more severe stages.

Our study presents several limits. Its retrospective single-
center nature may limit our conclusions. Furthermore, we 
used the Brooker classification system; based on a single 
anteroposterior X-ray of the pelvis, it may under- or overesti-
mate the HO extension but it is still the most widely diffused 
classification system 9, 28. Eventually, clinical evaluation 
was not performed. Therefore, further clinical study should 
confirm our statements.

Conclusions

In patients at high risk of developing heterotopic ossifica-
tion (HO) following THA, prophylaxis protocol with Indo-
methacin effectively reduces the incidence of severe HO. 
Therefore, its adoption should always be considered where 
not contraindicated. The persistence of low-grade HO sug-
gests that Indomethacin could primarily control the progres-
sion rather than the initial formation of calcifications. Fur-
ther, prospective, randomized trials and multicenter studies 
are necessary to fully elucidate their pathogenesis and to 
develop optimized prophylactic protocols.



204	 MUSCULOSKELETAL SURGERY (2025) 109:201–205

Acknowledgements  None.

Author contributions  Alessandro Aprato and Alessandro Massè 
planned and designed the study and analyzed the data and gave inter-
pretation of the results, Simone Cambursano collected data and wrote 
the manuscript, Stefano Artiaco and Federico Fusini reviewed the 
manuscript and made the literature review, and Simone Bevilacqua 
and Paolo Catalani collected the data.

Funding  Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement. No funding or other mate-
rial support has been received for this study.

Availability of data and materials  All data have been stored in the dedi-
cated repository of University of Turin.

Declarations 

Conflict of interest  The authors declare no competing interest.

Ethical approval  This retrospective study received a waiver from the 
local committee (Comitato etico Città della Salute e della Scienza di 
Torino 2018/20121), trial number 287.718 (14/04/2020).

Consent to participate  Each patient gave written consent to participate.

Consent for publication  Each patient gave written consent to publish 
the results.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 OECD (2019). Health at a Glance 2019: OECD Indicators. 
OECD Publishing; 2019. https://​doi.​org/​10.​1787/​4dd50​c09-​en

	 2.	 Torre M, Carrani E, Ceccarelli S, Biondi A, Masciocchi M, Cor-
nacchia A (2020) Registro Italiano ArtroProtesi. Report Annuale 
2019. ll Pensier

	 3.	 Learmonth ID, Young C, Rorabeck C (2007) The operation of 
the century: total hip replacement. Lancet 370(9597):1508–1519. 
https://​doi.​org/​10.​1016/​S0140-​6736(07)​60457-7

	 4.	 Healy WL, Iorio R, Clair AJ, Pellegrini VD, Della Valle CJ, Ber-
end KR (2016) Complications of total hip arthroplasty: stand-
ardized list, definitions, and stratification developed by the Hip 
Society. Clin Orthop Relat Res 474(2):357–364. https://​doi.​org/​
10.​1007/​s11999-​015-​4341-7

	 5.	 Pakos EE, Pitouli EJ, Tsekeris PG, Papathanasopoulou V, Stafilas 
K, Xenakis TH (2006) Prevention of heterotopic ossification in 
high-risk patients with total hip arthroplasty: the experience of a 
combined therapeutic protocol. Int Orthop 30(2):79–83. https://​
doi.​org/​10.​1007/​s00264-​005-​0054-y

	 6.	 Thomas BJ (1992) Heterotopic bone formation after total hip 
arthroplasty. Orthop Clin North Am 23(2):347–358

	 7.	 Eggli S, Rodriguez J, Ganz R (2000) Heterotopic ossification in 
total hip arthroplasty: the significance for clinical outcome. Acta 
Orthop Belg 66(2):174–180

	 8.	 Zhu XT, Chen L, Lin JH (2018) Selective COX-2 inhibitor versus 
non-selective COX-2 inhibitor for the prevention of heterotopic 
ossification after total hip arthroplasty: a meta-analysis. Medicine 
(United States) 97(31):1–10. https://​doi.​org/​10.​1097/​MD.​00000​
00000​011649

	 9.	 Alijanipour P, Patel RP, Naik TU, Parvizi J (2017) Heterotopic 
ossification in primary total hip arthroplasty using the direct ante-
rior vs direct lateral approach. J Arthroplast 32(4):1323–1327. 
https://​doi.​org/​10.​1016/j.​arth.​2016.​11.​030

	10.	 Zhu Y, Zhang F, Chen W, Zhang Q, Liu S, Zhang Y (2015) 
Incidence and risk factors for heterotopic ossification after total 
hip arthroplasty: a meta-analysis. Arch Orthop Trauma Surg 
135(9):1307–1314. https://​doi.​org/​10.​1007/​s00402-​015-​2277-8

	11.	 Vasileiadis GI, Amanatullah DF, Crenshaw JR, Taunton MJ, 
Kaufman KR (2015) Effect of heterotopic ossification on hip 
range of motion and clinical outcome. J Arthroplast 30(3):461–
464. https://​doi.​org/​10.​1016/j.​arth.​2014.​09.​019

	12	 Łȩgosz P, Otworowski M, Sibilska A et al (2019) Heterotopic 
ossification: a challenging complication of total hip arthro-
plasty: risk factors, diagnosis, prophylaxis, and treatment. 
Biomed Res Int. https://​doi.​org/​10.​1155/​2019/​38601​42

	13.	 Fransen M, Neal B (2013) Non-steroidal anti-inflammatory 
drugs for preventing heterotopic bone formation after hip 
arthroplasty. Cochrane Database Syst Rev. https://​doi.​org/​10.​
1002/​14651​858.​CD001​160.​pub3

	14.	 Iorio R, Healy WL (2002) Heterotopic ossification after hip 
and knee arthroplasty: risk factors, prevention, and treatment. J 
Am Acad Orthop Surg 10(6):409–416. https://​doi.​org/​10.​5435/​
00124​635-​20021​1000-​00005

	15	 Brooker AF, Bowerman JW, Robinson RA, Riley LH (1973) 
Ectopic ossification following total hip replacement: incidence 
and a method of classification. J Bone Jt Surg 55(8):1629–1632

	16.	 Oni JK, Pinero JR, Saltzman BM, Jaffe FF (2014) Effect of a 
selective COX-2 inhibitor, celecoxib, on heterotopic ossification 
after total hip arthroplasty: A case-controlled study. HIP Int 
24(3):256–262. https://​doi.​org/​10.​5301/​hipint.​50001​09

	17.	 Cai L, Wang Z, Luo X, She W, Zhang H (2019) Optimal strate-
gies for the prevention of heterotopic ossification after total 
hip arthroplasty: a network meta-analysis. Int J Surg 62:74–85. 
https://​doi.​org/​10.​1016/j.​ijsu.​2018.​12.​011

	18.	 RuoRedda MG, De Colle C, Bianco L et al (2018) Hetero-
topic ossifications: role of radiotherapy as prophylactic treat-
ment. Radiol Med 123(6):463–468. https://​doi.​org/​10.​1007/​
s11547-​018-​0853-z

	19.	 Kan SL, Yang B, Ning GZ et al (2015) Nonsteroidal anti-inflam-
matory drugs as prophylaxis for heterotopic ossification after 
total hip arthroplasty. Medicine (United States) 94(18):1–14. 
https://​doi.​org/​10.​1097/​MD.​00000​00000​000828

	20	 Pakos EE, Ioannidis JPA (2004) Radiotherapy vs nonsteroi-
dal anti-inflammatory drugs for the prevention of heterotopic 
ossification after major hip procedures: a meta-analysis of ran-
domized trials. Int J Radiat Oncol Biol Phys 60(3):888–895. 
https://​doi.​org/​10.​1016/j.​ijrobp.​2003.​11.​015

	21.	 Vavken P, Castellani L, Sculco TP (2009) Prophylaxis of het-
erotopic ossification of the hip: systematic review and meta-
analysis. Clin Orthop Relat Res 467(12):3283–3289. https://​
doi.​org/​10.​1007/​s11999-​009-​0924-5

	22.	 Barbato M, D’Angelo E, Di Loreto G, Menna A, Di Francesco 
A, Salini V, Zoppi U, Cavasinni L, La Floresta P, Romanò CL 
(2012) Adherence to routine use of pharmacological prophy-
laxis of heterotopic ossification after total hip arthroplasty: 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1787/4dd50c09-en
https://doi.org/10.1016/S0140-6736(07)60457-7
https://doi.org/10.1007/s11999-015-4341-7
https://doi.org/10.1007/s11999-015-4341-7
https://doi.org/10.1007/s00264-005-0054-y
https://doi.org/10.1007/s00264-005-0054-y
https://doi.org/10.1097/MD.0000000000011649
https://doi.org/10.1097/MD.0000000000011649
https://doi.org/10.1016/j.arth.2016.11.030
https://doi.org/10.1007/s00402-015-2277-8
https://doi.org/10.1016/j.arth.2014.09.019
https://doi.org/10.1155/2019/3860142
https://doi.org/10.1002/14651858.CD001160.pub3
https://doi.org/10.1002/14651858.CD001160.pub3
https://doi.org/10.5435/00124635-200211000-00005
https://doi.org/10.5435/00124635-200211000-00005
https://doi.org/10.5301/hipint.5000109
https://doi.org/10.1016/j.ijsu.2018.12.011
https://doi.org/10.1007/s11547-018-0853-z
https://doi.org/10.1007/s11547-018-0853-z
https://doi.org/10.1097/MD.0000000000000828
https://doi.org/10.1016/j.ijrobp.2003.11.015
https://doi.org/10.1007/s11999-009-0924-5
https://doi.org/10.1007/s11999-009-0924-5


205MUSCULOSKELETAL SURGERY (2025) 109:201–205	

results from an Italian multicenter, prospective, observational 
survey. J Orthop Traumatol 13(2):63–67. https://​doi.​org/​10.​
1007/​s10195-​012-​0180-4

	23	 Regis D, Sandri A, Sambugaro E (2013) Incidence of heterotopic 
ossification after surface and conventional total hip arthroplasty: 
a comparative study using anterolateral approach and indometha-
cin prophylaxis. Biomed Res Int. https://​doi.​org/​10.​1155/​2013/​
293528

	24.	 Eggli S, Woo A (2001) Risk factors for heterotopic ossification in 
total hip arthroplasty. Arch Orthop Trauma Surg 121(9):531–535. 
https://​doi.​org/​10.​1007/​s0040​20100​287

	25.	 Cohn RM, Schwarzkopf R, Jaffe F (2011) Heterotopic ossi-
fication after total hip arthroplasty. Am J Orthop Orthop 
40(11):E232–E235

	26	 Biz C, Pavan D, Frizziero A, Baban A, Iacobellis C (2015) Het-
erotopic ossification following hip arthroplasty: a comparative 
radiographic study about its development with the use of three 

different kinds of implants. J Orthop Surg Res. https://​doi.​org/​10.​
1186/​s13018-​015-​0317-2

	27.	 Łȩgosz P, Otworowski M, Sibilska A et al (2019) Heterotopic 
ossification: a challenging complication of total hip arthroplasty: 
risk factors, diagnosis, prophylaxis, and treatment. Biomed Res 
Int. https://​doi.​org/​10.​1155/​2019/​38601​42

	28.	 Mary Jiayi T, Linda P, Michael P et al (2017) Potential discrep-
ancy between plain films and CT scans in Brooker classification of 
heterotopic ossification. Br J Radiol 90(1080):20170263. https://​
doi.​org/​10.​1259/​bjr.​20170​263

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10195-012-0180-4
https://doi.org/10.1007/s10195-012-0180-4
https://doi.org/10.1155/2013/293528
https://doi.org/10.1155/2013/293528
https://doi.org/10.1007/s004020100287
https://doi.org/10.1186/s13018-015-0317-2
https://doi.org/10.1186/s13018-015-0317-2
https://doi.org/10.1155/2019/3860142
https://doi.org/10.1259/bjr.20170263
https://doi.org/10.1259/bjr.20170263

	Severe heterotopic ossification after total hip arthroplasty in male patients under 70 years of age: effectiveness of prophylactic protocol
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




