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A b s t r a c t 

Introduction: Total hip arthroplasty (THA) is considered the gold standard in 
the treatment of advanced osteoarthritis of the hip. The aim of this study 
was to compare the incidence of heterotopic ossification (HO), the quality 
of life and the function in two groups of patients who underwent total hip 
arthroplasty (THA), performed using the anterior minimally invasive (MIS) 
and the anterolateral approaches.
Material and methods: Retrospective analysis of 597 patients who under-
went THA in 2009–2013 was performed. In all 597 cohort data on medical 
history were retrieved. HO occurrence was recorded for 331  patients and 
was evaluated based on Brooker’s scale in the X-ray scan. Functional and 
quality of life scores were obtained for 238 patients. The following scales 
were used for the survey: Harris Hip Score, Western Ontario and McMaster 
Universities Osteoarthritis Index, Visual Analogue Scale, and Hip and Knee 
Arthroplasty Satisfaction Scale. 
Results: Patients operated on from the MIS approach had statistically sig-
nificantly (p < 0.05) better results with all the clinical scales used, except 
the Visual Analogue Scale (p > 0.05). HO was slightly more common after 
the MIS approach (52.5%) compared to the anterolateral approach (49.76%), 
though the difference was not statistically significant (p > 0.05). 
Conclusions: The MIS approach was associated with better clinical and func-
tional outcomes. In the aspect of HO, we were not able to show the superi-
ority of the MIS approach in terms of incidence. 

Key words: anterior minimally invasive approach, anterolateral (Watson-
Jones) approach, heterotopic ossification, Harris Hip Score, Western 
Ontario and McMaster Universities Osteoarthritis Index, total hip 
arthroplasty.

Introduction

Osteoarthritis (OA) of the hip is one of the most common musculoskel-
etal diseases that significantlyaffect the patients’ quality of life (QOL) [1]. 
Total hip arthroplasty (THA) has been considered the gold standard in the 
treatment of end-stage OA of this joint, and one of the most effective op-
erations in modern surgery [2]. In most cases, the surgery makes it pos-
sible to restore the joint function, increase physical activity, relieve pain 
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and improve the quality of life (QOL) [3, 4]. Total 
hip arthroplasty can be performed using a variety 
of surgical approaches – each with its own benefits 
and risks. It is believed that the use of minimally 
invasive (MIS) approaches, e.g. anterior MIS, reduc-
es blood loss, surgery-related pain, hospital stay 
and the recovery period due to the potential reduc-
tion of soft tissue damage [5–7]. The opponents of 
these methods state that MIS approaches, through 
less exposure of the joint, may increase the risk 
of complications such as nerve or muscle damage, 
fracture, or dislocation [8]. 

Overall, THA is associated with a  low rate of 
complications and long life of the prostheses 
[9]. One of the complications is heterotopic os-
sification (HO), which is defined as the ectopic 
formation of bone in non-bone tissue [10]. Het-
erotopic ossification is believed to be a result of 
osteoinductive growth factors released due to the 
trauma of soft tissues [11]. The risk of ossifica-
tion is estimated at 24% to as high as 32% [12]. 
Prophylaxis options include selective and non-se-
lective non-steroid anti-inflammatory drugs (i.e. 
etoricoxib, indomethacin or diclofenac) and ra-
diation therapy, which is the only prophylactic 
method that can be administered locally [13–15]. 
Heterotopic ossification prophylaxis should be ad-
ministered shortly after surgery, during the initial 
inflammatory response [13]. However, there is no 
consensus as to which prophylactic protocol is the 
most effective. In most cases, HO is asymptom-
atic. It is estimated that 2–7% of patients expe-
rience symptoms such as limited range of mobil-
ity (ROM) and function of the hip joint, and pain 
[11, 16]. In symptomatic cases, treatment may be 
necessary. The methods include rest, nonsteroidal 
anti- inflammatory drugs, physical therapy, and 
possibly a  steroid injection [17]. Some patients 
require revision surgery of the hip and removal of 
ossification [5]. The first radiological features of 
HO appear within 4–6 weeks of surgery [13]. The 
lesions mature for the first 6 months and general-
ly do not further progress in the later stages [11]. 
The surgical approach used may affect the inci-
dence and degree of HO [5].

We present a  comparison of the results of to-
tal hip arthroplasty using two surgical approaches: 
anterior MIS and anterolateral (Watson-Jones – WJ) 
in terms of HO and the QOL and functional scores. 
Prior to the study, the authors formulated the hy-
pothesis that the anterior MIS approach may favor 
better clinical and functional outcomes of surgery, 
and reduce the frequency and severity of HO.

Material and methods 

Characteristics of study population 

The study was retrospective and it consisted 
of medical data analysis of consecutive patients 
operated on at the Department of Orthopedics 
and Traumatology, Medical University of Warsaw 
in the years 2009–2013, as well as the results 
of those who came for an ambulatory follow-up 
visit in 2016. At the beginning, 597 patients were 
included. The inclusion and exclusion criteria are 
listed in Table I. Baseline data were obtained from 
medical records in the form of medical history and 
X-ray images of consecutive patients operated on 
in 2009–2013 with the WJ or MIS approach. All 
patients received similar perioperative care. None 
of them received prophylaxis of ossification in the 
form of radiotherapy or non-steroidal anti-inflam-
matory drugs. All procedures were performed in 
accordance with the guidelines of the Declaration 
of Helsinki (DoH) and were approved by the eth-
ical review board (ERB) of Warsaw University of 
Medicine. Informed consent was obtained for all 
of the study participants. 

Description of operative methods 

All patients were hospitalized in the Depart-
ment of Orthopedics and Traumatology, 1st Faculty 
of Medicine at the Medical University of Warsaw. 
Operations were performed in the same surgical 
theatre and with the same personnel. All patients 
were operated on by two senior orthopedic sur-
geons (Ph.D. degree) experienced in total hip ar-
throplasty performed with both the Watson-Jones 
approach and the anterior mini-invasive approach. 

Table I. Study inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

•	 THA using anterior MIS or WJ approach (all patients)
•	 X-ray obtained at least 6 months after surgery 

(patients assessed for HO, N-331)
•	 Clinical scales completed at an outpatient visit 

(patients assessed for outcomes and HO, N-238)
•	 OA, avascular necrosis of the femoral head, DDH  

(all patients)
•	 No post-operative prophylaxis of HO

•	 Patients operated on using other approaches
•	 Status post arthroplasty of both hip joints 
•	 Hemi-hip arthroplasty 
•	 Revision procedures after THR
•	 Incomplete medical record 
•	 Femoral neck fracture, post-traumatic OA, ankylosing 

spondylitis, Paget’s disease of bone 
•	 Prophylaxis of ossification (radiotherapy and/or 

NSAIDs)

THA – total hip arthroplasty, MIS – minimally invasive approach, WJ – Watson-Jones anterolateral approach, HO – heterotopic ossification, 
DDH – developmental dysplasia of the hip.
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The only contraindication for the minimally inva-
sive approach was developmental of hip dysplasia 
with significant shortening of the limb. In all other 
cases the selection was random. Length of the in-
cision was 12 cm in the WJ approach and 8 in MIS.

WJ approach

The incision line began at a point located ap-
proximately 3  cm laterally and distally from the 
anterior superior iliac spine (ASIS), and followed 
a  curve towards the greater trochanter. Over its 
top, the incision direction was consistent with the 
femoral axis, and it reached 10–15 cm along the 
femur. The approach was made by identification 
of the fascial compartment that exists between 
the tensor muscle of the broad fascia and the glu-
teus medius muscle. 

Anterior MIS approach

Typically, the incision was started 2 cm distally and 
laterally from the ASIS and continued distally and lat-
erally, along with the tensor muscle of the broad fas-
cia and its fascia. The fascia was dissected along the 
course of the muscle fibers. Then the space between 
the tensor muscle of the broad fascia and the sartori-
us muscle was located and they were separated from 
one another to expose the hip joint capsule [18]. 

Follow-up methods

Complete follow-up (clinical and HO assess-
ment) involved 238  patients who returned for 
follow-up visits in 2016. A group of 3 senior ortho-
pedic surgeons (Ph.D. degree) work in the out-pa-
tient clinic. During the FU visit, standard X-ray of 
hip joints and questionnaires of objective and 
subjective hip function assessment were applied. 
The functional parameters of the operated limb 
were evaluated using the following scales: The 
Western Ontario and McMaster Universities Ar-
thritis Index (WOMAC), the Visual Analogue Scale 
(VAS), the Harris Hip Score (HHS), and the Hip and 
Knee Arthroplasty Satisfaction Scale (HKASS). The 
HHS scale was completed by the doctor on the ba-
sis of previously conducted physical examination 
and medical interview; thus blinding was impossi-
ble. VAS, WOMAC and HKASS were completed by 

patients themselves, thus eliminating a potential 
source of bias. The patients had been informed 
to ask questions when in doubt. All examina-
tions, both in WJ and MIS groups, were identical. 
A  full orthopedic physical examination was also 
performed with measurement of the ROM of the 
operated limb, and FU anteroposterior (AP) X-ray 
scan of the hip joint was obtained to assess pros-
thesis positioning. Doctors assessed HO after the 
FO visit and only on the basis of previously pre-
pared X-rays. Demographic data (name, surname 
and ID number) had been removed by an indepen-
dent person. Assessment on Brooker’s scale and 
ossification was extended to people who did not 
return for FU visits but had an X-ray done at least 
6 months after surgery (n = 331). 

The Brooker’s scale assessment results are pre-
sented in Table II. 

Statistical analysis

Continuous variables were described using 
range, mean, standard deviation, and median, 
with minimum and maximum values for the dis-
tribution. The c2 test was used to compare cat-
egorical variables. The Mann-Whitney U test was 
used to compare the medians of continuous vari-
ables between independent groups of observa-
tions. Pearson’s correlation was used to compare 
correlations between quantitative variables. The 
level of significance was set at 0.05. For multivar-
iate modeling of the data, linear regression and 
the step elimination method were used to obtain 
the significant parameters of the model. All cal-
culations were performed using the R statistical 
software, version 3.2, and SPSS, version 24.

Results

The study population consisted of patients op-
erated on using the anterior MIS approach (47.1%, 
n  =  282), and operated on using the classic WJ 
approach (52.9%, n  =  315). Women slightly pre-
vailed (58.4%, n = 348) over men (41.6%, n = 248). 
The oldest participant was 88  years old, and the 
youngest one was 18  years old. Mean age was 
63.10  ±13.44  years. Mean BMI was 27.55  ±4.75. 
The most common reason for THA was primary OA 

Table II. Description of classes in Brooker’s scale, used to assess heterotopic ossification

Brooker’s class Description

I Small islands of bone within the soft tissues around the hip

II Bone spurs from the pelvis or proximal end of the femur within the soft tissues around the hip, 
with a distance of at least 1 cm between them

III Bone spurs from the pelvis or proximal end of the femur within the soft tissues around the hip, 
with a distance less than 1 cm between them

IV X-ray image of hip ankylosis
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of the hip. The number of patients who returned for 
a follow-up (FU) visit was 238 out of 597 (39.9%). 
On average, the FU visit occurred approximately 
3.5  years (1273.5  days) after the procedure. The 
number of reporting patients who had been oper-
ated on using the anterior MIS approach (n = 116) 
was nearly equal to the number of patients who had 
been operated on using the WJ approach (n = 122).

The presence of HO after THA was compared 
between the surgical approaches used. In the en-
tire population with an X-ray performed at least 
6 months after surgery, ossification was present 
in 168   (50.76%) patients. The frequency of os-
sification was slightly higher in the anterior MIS 
arm (63/120, 52.5%) compared to the WJ arm 
(105/211, 49.76%). Taking into account only pa-
tients with ossification, it can be seen that higher 
classes of ossification were seen with the WJ ap-
proach. However, the differences were not statisti-
cally significant (p > 0.05). 

For the score assessing the degree of ossifi-
cation after the procedure, a  higher score was 
obtained in older people (R2 = 0.02, Pearson’s  
r = 0.02 ±0.01, p < 0.05). 

In addition, the score was higher when os-
teoarthritis was not the reason for surgery, but 
not statistically significant (R2 = 0.02, Pearson’s  
r = –0.45 ±0.30, p = 0.14). The detailed results re-
lating to the presence of HO for the two approach-
es are presented in Table III. 

Patients who underwent THA using the WJ sur-
gical approach had higher WOMAC scores, indicat-
ing a higher severity of post-operative symptoms. 
The multivariate model for the WOMAC scale indi-
cates that the most important parameters deter-
mining the WOMAC score include the type of sur-
gical approach (R2 = 0.05, Pearson’s r = 6.31 ±2.24, 
p < 0.05) and BMI (R2 = 0.05, Pearson’s r = –0.37 
±0.24, p = 0.11), although only the former of these 
factors was statistically significant. 

On the VAS scale, 34% of patients, among 
those who assessed the severity of pain, reported 
no pain. In the case of the MIS approach, women 
rated pain as significantly lower than men. Using 
this scale, the strong effect of using the WJ ap-
proach on this score is visible (R2 = 0.05, Pearson’s 
r = 8.54 ±2.85, p < 0.05). Patients who underwent 

THA using the WJ method had higher VAS scores, 
which could indicate a  lower severity of pain in 
patients operated on using the ASI approach. 
However, the Mann-Whitney U  test did not con-
firm the statistical significance of these differenc-
es (p = 0.059). 

Patients in whom the procedure was performed 
using the MIS approach more often rated the out-
comes of surgery as good or very good on the HHS 
scale. With the WJ method, moderate or poor effi-
cacy of the performed surgery was more common 
(the score was 70–80 or less, respectively) compared 
to the MIS approach. Men rated the function of the 
prosthesis when performing everyday activities high-
er than women (the median HHS scores were 39 and 
41 points, respectively). The significance of the differ-
ences was confirmed by the Mann-Whitney U  test  
(p < 0.01). However, for the MIS approach, there were 
virtually no sex-related differences in the function of 
the hip prosthesis. The situation was different for WJ 
surgery, where women rated the prosthesis function 
as significantly lower. The multivariate model for the 
HHS scale indicated an important role of the surgi-
cal approach, also in favor of the MIS approach (R2 = 
0.07, Pearson’s r = –4.82 ±1.90, p = 0.01). In the HHS 
scale use of cement reduces the average score by 5.86 
points (R2 = 0.07, Pearson’s r = –5.86 ±2.08, p = 0.01).

The HKASS scores indicate that patients un-
dergoing surgery using the MIS approach were 
more satisfied with the results of the procedure 
than patients in whom the WJ approach was used  
(R2 = 0.05, Pearson’s r = –10.13 ±3.01, p < 0.05). 
The use of bone cement decreases the score, but 
it is not statistically significant (R2 = 0.05, Pear-
son’s r = –7.30 ±4.09, p = 0.08). In addition, there 
is a positive correlation between age and the scale 
(R2 = 0.05, Pearson’s r = 0.31 ±0.15, p < 0.05), in-
dicating that older people are more likely to have 
higher scores on the scale.

The exact results on each scale depending on 
the approach used are presented in Table IV and 
Figure 1.

Discussion

There is no consensus on the optimal surgical 
approach. Studies comparing the anterior MIS ap-

Table III. Percentage distribution of the frequency of each ossification class for the compared approaches

Degree of  
ossification

MIS (% of all those 
with ossification)

MIS (% of all  
evaluable)

WJ (% of all those 
with ossification)

WJ (% of all  
evaluable)

I 49.2 25.8 30.5 15.2

II 27 14.2 32.5 16.2

III 19 10 26.7 13.3

IV 4.8 2.5 7.6 3.8

MIS – minimally invasive approach, WJ – Watson-Jones anterolateral approach.



Heterotopic ossification and clinical results after total hip arthroplasty using the anterior minimally invasive and anterolateral approaches

Arch Med Sci 3, April / 2020 617

proach to other surgical approaches are limited. 
The problem is particularly apparent in terms of 
HO. According to the studies comparing the most 
common approaches, the WJ approach seems to 
be strongly predisposing patients to ossification 
[15, 19]. According to Newman et al. [20], the HO 
rate after surgery using the anterior MIS approach 
is 24.3%. With the WJ approach, it was rated at 
a  similar level of 24% [21]. Repantis et al. [22] 
also reported no statistically significant differenc-
es in the assessment of HO between the cohorts 
of patients after THA using the anterior MIS and 
WJ approaches. Tippets et al. [11] did not observe 
any reduction in the incidence of HO after using 
the direct anterior approach (DAA), the other name 
for anterior MIS, when comparing their patients’ 
results to the other results obtained with different 
approaches described in the literature. In a cohort 
of 331 patients with an X-ray obtained 168 (50.8%) 
developed ossification. The distribution of ossifi-
cation grade was as follows: 0 (n = 163, 49.2%),  
I (n = 63, 19.0%), II (n = 54, 16.3%), III (n = 40, 
12.1%), IV (n = 11, 3.3%). Also in our study, we did 
not observe a significant reduction in the frequency 
of ossification after using the DAA (MIS) approach. 
The highest proportion of ossification for the ante-
rior approach was in class I (25.8%).

The most commonly used scales in the anal-
ysis of THA surgery outcomes are WOMAC, HHS, 

and VAS. In a  study comparing DAA and direct 
lateral (DL) approaches, statistically significant 
superiority of the former method was found in 
1-year follow-up based on the WOMAC score. Af-
ter 2-year FU, the difference between the groups 
was no longer statistically significant [23]. Other 
authors have also demonstrated the advantag-
es of the anterior MIS approach in a short-term 
FU assessed using the WOMAC and HHS scales 
[24]. Pogliacomi et al. [5] compared the results of 
surgery using the MIS lateral approach and MIS 
anterior approach. The authors observed similar, 
satisfactory results of surgery and similar com-
plication rates in both groups. Based on the VAS 
scale completed both pre-operatively and 1 year 
after THA, the authors reported a  lower severity 
of pain shortly after surgery in the group oper-
ated on using the anterior MIS approach. Also 
on the HHS scale, they reported good results of 
THA surgery using the anterior MIS approach. Our 
study confirmed that the anterior MIS approach 
gave satisfactory results on the VAS scales, al-
though the difference between WJ and ASI was 
not statistically significant. Another prospective 
study, in which patients were randomized to the 
DAA and posterior approach, showed the superi-
ority of the former method in terms of pain relief 
on the first day after surgery assessed using the 
VAS scale. There were no statistically significant 

Table IV. Results of orthopedic scales evaluating the quality of life

Group N Mean Standard 
deviation

Minimum Maximum Q25 Median Q75 P-value

WOMAC:

ASI 116 16.84 13.97 0.00 73.00 7.00 13.00 25.00 < 0.05

WJ 122 22.16 17.78 0.00 81.00 8.20 16.00 32.80

All 238 19.57 16.22 0.00 81.00 7.00 15.00 28.00

VAS:

ASI 116 11.51 16.81 0.00 80.00 0.00 4.00 18.00 0.059

WJ 122 18.74 22.91 0.00 86.00 0.00 8.50 32.00

All 238 15.21 20.45 0.00 86.00 0.00 5.00 21.00

HHS:

ASI 116 87.85 12.74 26.00 100.00 86.00 91.00 96.00 < 0.01

WJ 122 82.69 14.24 30.00 100.00 77.00 85.38 94.00

All 238 85.21 13.75 26.00 100.00 78.59 89.70 95.00

HKASS:

ASI 116 86.32 17.62 24.99 99.96 81.20 91.63 100.00 < 0.001

WJ 122 77.36 22.19 0.00 99.96 66.60 83.30 100.00

All 238 81.73 20.55 0.00 99.96 66.64 91.63 99.96

WOMAC – Western Ontario and McMaster Universities Osteoarthritis Index, VAS – Visual Analogue Scale, HHS – Harris Hip Score,  
HKASS – Hip and Knee Arthroplasty Satisfaction Scale .
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differences between the two groups at the subse-
quent FU visits [25]. 

Mirza et al. [26] presented the results of a study 
comparing the results of 1690 primary THAs, per-
formed using the MIS anterior approach or the DL 
approach. The results showed that patients in the 
arm operated on by the MIS anterior approach had 
a shorter recovery period and better HHS scores in 
the short post-operative period. Similar results have 
been reported by other authors, comparing THA 
using the DAA (direct anterior approach) and the 
minimally invasive posterior approach [27]. They 
reported higher HHS scores at 8  weeks post-op-
eratively compared to the group of patients oper-
ated on using the posterior approach, and a lower 
risk of wound healing complications. Rodriguez et 
al. [28] compared the DAA and posterior approach 
and showed the superiority of the DAA approach 

in the immediate post-operative period, related to 
recovery and mobility. In our study, we did not in-
vestigate the results of surgery in the short term 
after the operation; however, our results obtained 
in the medium follow-up period showed that good 
outcomes in THA using the anterior MIS approach, 
based on the clinical scores, may be maintained 
not only in the immediate post-operative period, as 
shown in the previously reported studies, but also 
in the medium term. 

The most significant limitation of this study 
is its retrospective nature, and thus no random-
ization of approach applied for each patient. Fur-
thermore, a large group of patients has not been 
evaluated at an FU visit (60.1%). It should be em-
phasized that WJ was the standard approach used 
at our department for many years, whereas the 
MIS approach was introduced in 2009. It is there-

Figure 1. Results of orthopedic scales evaluating quality of life
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fore possible that the slightly worse results in 
terms of the frequency of ossification were related 
to the learning curve. The impact of the learning 
curve on THA has been previously suggested in 
the literature [29, 30].

The advantages of this study include a  large 
population and the detailed method of data col-
lection at the FU visit. According to the authors’ 
knowledge, this is also one of the few available 
studies comparing the incidence of HO for the 
anterior MIS and WJ approaches. Thus we believe 
that the results may be helpful to other clinicians 
in making preoperative plans and decisions. 

In conclusion, the frequency of heterotopic ossi-
fication was slightly higher in the anterior MIS ap-
proach compared to the WJ approach, but the dif-
ference was not statistically significant (p > 0.05). 
Considering only patients with ossification, higher 
grades of HO were noted in the WJ approach. How-
ever, the differences were not statistically significant 
(p > 0.05). The MIS approach was associated with 
better clinical and functional outcomes according to 
results of all clinical scales applied, except VAS. 

Conflict of interest

The authors declare no conflict of interest.

R e f e r e n c e s
1. Henrotin Y, Pesesse L, Lambert C. Targeting the synovial 

angiogenesis as a novel treatment approach to osteoar-
thritis. Ther Adv Musculoskelet Dis 2014; 6: 20-34.

2. Chechik O, Khashan M, Lador R, Salai M, Amar E. Surgical 
approach and prosthesis fixation in hip arthroplasty world 
wide. Arch Orthop Trauma Surg 2013; 133: 1595-600.

3. Jeldi AJ, Deakin AH, Allen DJ, Granat MH, Grant M, Stans-
field BW. Total hip arthroplasty improves pain and func-
tion but not physical activity. J Arthroplasty 2017; 32: 
2191-8.

4. Laupacis A, Bourne R, Rorabeck C, et al. The effect of 
elective total hip replacement on health-related quality 
of life. J Bone Joint Surg Am 1993; 75: 1619-26.

5. Pogliacomi F, De Filippo M, Paraskevopoulos A, Alesci M,  
Marenghi P, Ceccarelli F. Mini-incision direct lateral ap-
proach versus anterior mini-invasive approach in to-
tal hip replacement: results 1 year after surgery. Acta 
Biomed 2012; 83: 114-21.

6. Goebel S, Steinert AF, Schillinger J, et al. Reduced post-
operative pain in total hip arthroplasty after minimal-in-
vasive anterior approach. Int Orthop 2012; 36: 491-8.

7. Xu CP, Li X, Song JQ, Cui Z, Yu B. Mini-incision versus 
standard incision total hip arthroplasty regarding surgi-
cal outcomes: a systematic review and meta-analysis of 
randomized controlled trials. PLoS One 2013; 8: e80021.

8. Barton C, Kim PR. Complications of the direct anterior 
approach for total hip arthroplasty. Orthop Clin North 
Am 2009; 40: 371-5.

9. York PJ, Smarck CT, Judet T, Mauffrey C. Total hip arthro-
plasty via the anterior approach: tips and tricks for pri-
mary and revision surgery. Int Orthop 2016; 40: 2041-8.

10. Moore SN, Hawley GD, Smith EN, et al. Validation of 
a  radiography-based quantification designed to lon-

gitudinally monitor soft tissue calcification in skeletal 
muscle. PLoS One 2016; 11: e0159624.

11. Tippets DM, Zaryanov AV, Burke WV, et al. Incidence of 
heterotopic ossification in direct anterior total hip ar-
throplasty: a retrospective radiographic review. J Arthro-
plasty 2014; 29: 1835-8.

12. Hürlimann M, Schiapparelli FF, Rotigliano N, Testa E, 
Amsler F, Hirschmann MT. Influence of surgical approach 
on heterotopic ossification after total hip arthroplasty 
– is minimal invasive better? A case control study. BMC 
Musculoskelet Disord 2017; 18: 27.

13. Winkler S, Springorum HR, Vaitl T, et al. Comparative 
clinical study of the prophylaxis of heterotopic ossifi-
cations after total hip arthroplasty using etoricoxib or 
diclofenac. Int Orthop 2016; 40: 673-80.

14. Liu JZ, Frisch NB, Barden RM, Rosenberg AG, Silver- 
ton CD, Galante JO. Heterotopic ossification prophylaxis 
after total hip arthroplasty: randomized trial of 400 vs 
700 cGy. J Arthroplasty 2017; 32: 1328-34.

15. Biz C, Pavan D, Frizziero A, Baban A, Iacobellis C. Hetero-
topic ossification following hip arthroplasty: a compara-
tive radiographic study about its development with the 
use of three different kinds of implants. J Orthop Surg 
Res 2015; 10: 176.

16. Nagi ON, Dhillon MS, Batth HS. Heterotopic ossification 
after total hip arthroplasty: a review of etiopathogene-
sis, risk factors and treatment modalities. Indian J Or-
thop 2002; 36: 225-33.

17. Harwin SF. Trochanteric heterotopic ossification after 
total hip arthroplasty performed using a direct lateral 
approach. J Arthroplasty 2005; 20: 467-72.

18. Post ZD, Orozco F, Diaz-Ledezma C, Hozack WJ, Ong A. 
Direct anterior approach for total hip arthroplasty: indi-
cations, technique, and results. J Am Acad Orthop Surg 
2014; 22: 595-603.

19. Hurlimann M, Schiapparelli FF, Rotigliano N, Testa E, 
Amsler F, Hirschmann MT. Influence of surgical approach 
on heterotopic ossification after total hip arthroplasty 
– is minimal invasive better? A case control study. BMC 
Musculoskelet Disord 2017; 18: 27.

20. Newman EA, Holst DC, Bracey DN, Russell GB, Lang JE. 
Incidence of heterotopic ossification in direct anterior vs 
posterior approach to total hip arthroplasty: a retrospec-
tive radiographic review. Int Orthop 2016; 40: 1967-73.

21. Pavlou G, Salhab M, Murugesan L, et al. Risk factors for 
heterotopic ossification in primary total hip arthroplas-
ty. Hip Int 2012; 22: 50-5.

22. Repantis T, Bouras T, Korovessis P. Comparison of mini-
mally invasive approach versus conventional anterolat-
eral approach for total hip arthroplasty: a  randomized 
controlled trial. Eur J Orthop Surg Traumatol 2015; 25: 
111-6.

23. Restrepo C, Parvizi J, Pour AE, Hozack WJ. Prospective 
randomized study of two surgical approaches for total 
hip arthroplasty. J Arthroplasty 2010; 25: 671-9.

24. Paraskevopoulos A, Marenghi P, Alesci M, Pogliacomi F. 
Mini-invasive anterior approach in total hip arthroplas-
ty: short-term follow-up. Acta Biomed 2014; 85 Suppl 
2: 75-80.

25. Barrett WP, Turner SE, Leopold JP. Prospective randomized 
study of direct anterior vs postero-lateral approach for to-
tal hip arthroplasty. J Arthroplasty 2013; 28: 1634-8.

26. Mirza AJ, Lombardi AV Jr, Morris MJ, Berend KR. 
A  mini-anterior approach to the hip for total joint re-
placement: optiASIing results: improving hip joint re-
placement outcomes. Bone Joint J 2014; 96-B (11 Sup-
ple A): 32-5.



Paweł Łęgosz, Sylwia Sarzyńska, Łukasz Pulik, Piotr Stępiński, Paweł Niewczas, Andrzej Kotela, Paweł Małdyk

620 Arch Med Sci 3, April / 2020

27. Poehling-Monaghan KL, Kamath AF, Taunton MJ, Pagna-
no MW. Direct anterior versus miniposterior THA with 
the same advanced perioperative protocols: surprising 
early clinical results. Clin Orthop Relat Res 2015; 473: 
623-31.

28. Rodriguez JA, Deshmukh AJ, Rathod PA, et al. Does the 
direct anterior approach in THA offer faster rehabilita-
tion and comparable safety to the posterior approach? 
Clin Orthop Relat Res 2014; 472: 455-63. 

29. Wayne N, Stoewe R. Primary total hip arthroplasty: 
a  comparison of the lateral Hardinge approach to an 
anterior mini-invasive approach. Orthop Rev (Pavia) 
2009; 1: e27.

30. Brun OL,  Månsson L,  Nordsletten L. The direct anteri-
or minimal invasive approach in total hip replacement: 
a prospective departmental study on the learning curve. 
Hip Int 2018; 28: 156-60.


