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lar component placement, (2) to identify various target zones 
proposed by investigators, and (3) to investigate whether it is 
acknowledged in the literature that acetabular malpositioning 
may be a signiÞ cant risk factor for dislocation following pri-
mary THA.  

Methods
In January and February 2016, we conducted a systematic 
search for literature in the PubMed database that compared 
angles for cup positioning and dislocation rates in THA. 
MeSH headings identiÞ ed for this search included Òarthro-
plasty, replacement, hipÓ, ÒdislocationsÓ, and Òoutcome and 
process assessment (health care)Ó. 

The search strategy is detailed in Table 1. The results of 
this search were processed using a 3-step review process of 
article identiÞ cation, selection, and inclusion. The investiga-
tor was not blind regarding the source of the articles or the 
authors. Titles of articles listed were screened for relevance to 
the research question. Abstracts of the articles identiÞ ed were 
reviewed and selected for full-text review if there was any 
mention or indication of a comparison between cup position-
ing and dislocation rate. Abstracts with no full text unavailable 
were excluded. Full texts were marked either for inclusion or 
for exclusion based on predetermined eligibility criteria (as 
shown in Table 2). Studies that focused on dislocations in hip 
dysplasia cohorts were excluded as it has been perceived that 

other factors such as Crowe typing, osteotomy, hip loading, 
and placement outside the true acetabular region may inß u-
ence appropriate cup positioning in this group (Pagnano et al. 
1996, Bicanic et al. 2009).

Included articles were required to compare the dislocation 
rate in a patient population and cup abduction and/or inclina-
tion angles. Alternatively, a comparison between dislocating/
non-dislocating THA and cup abduction and/or inclination 
was required. Articles lacking this level of quantitative assess-
ment were otherwise included for qualitative purposes. Surgi-
cal approach, femoral head size, and the method for measure-
ment of cup positioning were also noted. References within 
included articles were also included if they were pertinent 
to our research question. Titles marked for exclusion were 
reviewed for relevance by a second author before a Þ nal deci-
sion regarding inclusion or exclusion. 

The articles that were included were assessed for quality 
(Table 3). Criteria assessed were derived from the PRISMA 
preferred reporting items checklist (Moher et al. 2009) and the 
Critical Appraisal Skills Programme (CASP) tools (CASP UK 
2013), concentrating especially on internal validity, method-
ological quality, and the presentation of results. 

Angles for anteversion and inclination presented in the 
included articles were categorized as follows: (1) angle (mean 
(SD) (range)) vs. dislocation rate; (2) Lewinnek safe zone: 
dislocating vs. non-dislocating hips; (3) target range vs. dis-
location rate.

We also documented all other statistical tests that had been 
performed.

 

Results
The initial search strategy gave 549 articles. 88 abstracts were 
reviewed and 27 were selected for further analysis. The full 
text of 1 article (McCollum and Gray 1990) could not be 
retrieved and it was excluded, leaving 26 articles. A review 

Table 1. PubMed search strategy

1. Hip arthroplasty OR hip replacement OR hip prosthesis OR hip 
implant.

2. Dislocation OR luxation.
3. Orientation OR position OR malposition OR location OR place-

ment OR � tting OR alignment OR anteversion OR inclination OR 
abduction.

4. Cup OR acetabular component OR socket OR shell.
5. 1 AND 2 AND 3 AND 4.

Table 2. Inclusion and exclusion criteria for articles reviewed

Inclusion criteria 
 Primary THA
 Cup placement described in terms of anteversion and inclination
 Mean or target range of anteversion and/or inclination identi� ed
 Dislocation number/rate identi� ed and compared to cup placement 
 Full text available
 English-language text
Exclusion criteria 
 Revision THA study
 Hip resurfacing THA
 Dual mobility THA
 Hip dysplasia study
 Animal and cadaver study
 Non-patient study (e.g. biometric computational simulation(s))

Table 3. Criteria for appraisal of articles

Study type RCT
 Cohort
 Case-control
 Case series
 Prospective/retrospective
Surgical approach Anterior, anterolateral, lateral (transgluteal, 
 transtrochanteric), posterolateral, posterior, 
 minimally invasive (Kelmanovich et al. 2003)
Diagnoses A, posttraumatic, AVN, in� ammatory, hip 
 dysplasia
Patient characteristics Age
 Sex
 Obesity (weight, height, BMI)
Cup positioning Anteversion – inclination
 Method of measurement
Follow-up Follow-up period
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of references in these articles revealed that an additional 2 
articles were relevant to our research question, and they were 
included following a review of title, abstract, and full text. In 
summary, 28 journal articles were included in this systematic 
review (Figure 1).

Publication dates ranged from 1978 to 2016. 15 of the 28 
of articles were published in the period 2006—2016. All but 
2 articles had both the age and sex distribution of the patient 
sample. Preoperative diagnoses were detailed sufÞ ciently 
in 20 of the 28 articles. The surgical approach was stated in 
27 articles, with the majority of THAs being performed via 
the posterolateral approach (15/28) or the posterior approach 
(6/28). The follow-up period was described in 19 of the 28 
articles; this ranged from no follow-up to at least 5 years. The 
total number of THAs investigated in each study ranged from 
75 (Kennedy et al. 1998) to 9,784 (Abdel et al. 2016). The dis-
location rate was not stated in 1 article (Pierchon et al. 1994). 
Of the remaining 27 articles, dislocation rates ranged from 
0.48% (Dudda et al. 2010) to 7.21% (Pollard et al. 1995). This 
information is summarized in Tables 4 and 5 (see Supplemen-
tary data).

Measurement of cup positioning
Angles of anteversion and inclination can be assessed anatom-
ically, radiographically, and intraoperatively as described by 
Murray (1993). Radiographic anteversion and inclination can 
be measured on standard anteroposterior (AP) radiographs 
(Tannast et al. 2005). Cup inclination is formed by the trans-
verse axis (ischial tuberosity line) and the plane of the ace-
tabular opening, as shown in Figure 2. The calculation of cup 
anteversion is explained in Figure 3 (McLaren 1973, Murray 
1993). These calculations were performed either manually or 

by using computer software such as the Martell Hip Analysis 
Suite (HAS) (Danoff et al. 2016), Ein Bild Roentgen Analyse 
(EBRA) (Biedermann et al. 2005, Esposito et al. 2015, Gram-
matopoulos et al. 2015, McLawhorn et al. 2015), Sectra PACS 
IDS7 (Opperer et al. 2016), or OrthoView (Timperley et al. 
2016). 

Lateral radiographs are required to accurately distinguish 
between cup retroversion and anteversion, as this cannot be 
determined reliably on an AP radiograph (Woo and Morrey 
1982). A shoot-through lateral radiograph may be used to cal-
culate cup anteversion by identiÞ cation of the angle between 
the transverse axis and the acetabular opening, as shown in 
Figure 4. This method has a tendency to overestimate antever-
sion compared to the AP radiographic calculation (Sculco et 
al. 2016). 1 study used this method (Jolles et al. 2002). While 
the standardized AP radiograph is the most common and most 
logistically accessible method for identifying cup positioning, 
it does not account for spine deformity or pelvic positioning, 
and is therefore associated with some inaccuracy compared to 
anatomical anteversion (Lembeck et al. 2005, Dandachli et al. 
2013, Buckland et al. 2015).

PUBMED search
Search strategy hits

n = 549

Titles relevant to
reasearch question

n = 88

Abstract selected
as relevant

n = 27

Full-text articles eligible
n = 26

Studies included in the systematic review
n = 28

Additions following review
references (title, abstract,

and full text)
n = 2

Excluded
Non-pertinent titles

n = 461

Excluded
Exclusion criteria met

n = 61

Excluded
Full text unavailable

n = 1

Figure 1. PRISMA � ow diagram of search strat-
egy and review of literature (Moher et al. 2009).

Figure 2. Radiographic cup inclination (I) measured 
on AP pelvic radiographs (Jolles et al. 2002).

Figure 3. Radiographic cup antever-
sion as calculated using an AP radio-
graph (Abdel et al. 2016). d: short axis 
of the ellipse of the acetabular compo-
nent; D: long axis of the ellipse of the 
acetabular component. Anteversion (A) 
is calculated as: A = sin-1 (d/D).

Figure 4. Radiographic cup anteversion (A) from a lateral shoot-
through radiograph (Jolles et al. 2002).














