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Abstract:  

The diverse methodologies employed in assessing cup placement, delineate the recommended target zones for positioning and 
examine the correlation between cup positioning and occurrences of complications is of interest. We included 51,308 patients and 
51,692 hips for this analysis. The overall complication rate was 22.2%. Patients, overall, demonstrated improved outcomes, as 
evidenced by postoperative hip scores. Two "safe windows" have been defined for surgical procedures: 1) an inclination of 35-50 
degrees and an anteversion of 5-25 degrees and 2) an inclination of 35-50 degrees and an anteversion of 15-25 degrees.  
 
Keywords: Total hip replacement, dislocation, revision rate, offset, acetabular cup, femoral head, infections 

 
Background: 
One of the most effective surgical techniques is total hip 
replacement (THR), which has been called the "operation of the 
century." Worldwide, over a million surgeries are carried out 
every year and within the next ten years; this number is 
expected to triple [1]. Cup position is affected by a number of 
factors, including the structure of the pelvis, the stiffness of the 
spinopelvic junction, the functional positions of the pelvis, its 
position during configuration and motion during surgery, the 
use of reference frames, the method used to quantify angles and 
surgical skill [2]. The idea of a safe zone for acetabular 
component orientation based on CT show that the previous 
Lewinnek secure zone is not a good indicator of stability in the 
future [3]. THR provides notable improvements in pain, mobility 
and physical function along with outstanding technical 
outcomes, with a 10-year survival rate of over 95% and a 25-year 
implant survival rate of over 80%. However, the patient's 
experience following surgery or attempts to receive care may not 
be reflected in these conventional measures of surgical success 
[4]. In recent years, patients undergoing total hip replacement 
(THR) increasingly anticipate maintaining active lifestyles long 
after their surgeries. This shift in expectations has heightened 
focus on health-related quality of life (HRQOL) and patient-
reported outcomes. Studies have shown that while many 
patients expect significant improvements in mobility and daily 
activities post-THR, some experience challenges in meeting these 
expectations, underscoring the importance of preoperative 
discussions to align surgical outcomes with patient anticipations 
[5]. The ageing population and the superior results of total hip 
arthroplasty (THA) surgery will lead to a rise in the number of 
total hip arthroplasty procedures. Successful long-term fixation 
requires adequate fixing of the uncemented acetabular 
component in order to produce bone ingrowth and on-growth 
[6].  While press-fit cement less cups is effective in achieving 
initial stability, inadequate fixation can result in cup migration 
and reduced survival rates. Studies have shown that insufficient 
press-fit fixation may lead to implant loosening during or after 
surgery, adversely affecting long-term outcomes. In such cases, 
supplemental screw fixation can enhance cup stability; however, 
the benefits and limitations of both press-fit and screw fixation 
techniques should be carefully considered to optimize initial 
fixation and long-term success [7]. Thus, the problem of the 
acetabular cup migrating and becoming loose, requiring revision 
surgery remains unresolved. To increase the stability of the 
acetabular cup after initial fixation, additional screw fixation is 
frequently used [8]. There have been cases of peri acetabular 
osteolysis due to the joint fluid and polyethene wear particles 

infiltrating through the screw hole, which may eventually cause 
the cup to loosen, even though it may not lessen the need for 
revision or reoperation in the future. As a result, it is still 
unknown if screws in acetabular cup total hip arthroplasty are 
long-term beneficial [9, 10]. Considerable methodical reviews 
and RCTs have examined the effectiveness of screw fixation in 
cement-less cup total hip arthroplasty as well as assessments of 
cup positioning, dislocations and placements. Therefore, it is of 
interest evaluate the existing RCTs that looked into the measures 
of cup positions, dislocations, targeted cup placements, 
anteversion and inclination angles and their revision rate and 
offsets using known data. 
 
Materials and Methods:  

The “International Prospective Register of Systematic Reviews 
ID (PROSPERO ID)” of the study is CRD42025646319. The 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement was strictly followed in the 
conduct of a thorough systematic review and stringent inclusion 
criteria were maintained at all times. Thoroughly recording and 
examining the reported occurrences of postoperative 
dislocations was one of the primary goals of this investigation. 
Furthermore, the cup location measurements, which comprised 
anteversion and inclination angles, were carefully documented 
and assessed. To guarantee correct assessment, the target zone of 
cup placements was accurately specified. In order to offer a 
detailed comparison of the surgical techniques, the study also 
looked closely at the revision rate, Offset and functional 
outcomes. 
 
Search strategy:  
A thorough and in-depth examination of the PubMed database 
was necessary in order to find pertinent publications. The search 
was limited to English-language works that had been released in 
the previous seven years in order to include the most recent and 
relevant research. It's also important to note that web searches 
and Google Scholar were purposefully left off the list of sources 
for unpublished material. 
 
Inclusion and exclusion criteria: 
Our study included adult human individuals (above the age of 
18) who had undergone primary total hip arthroplasty (THA) 
and did not have any prior anatomical, structural, or metabolic 
problems (such as osteoporosis, storage disorders, or 
malignancies) that could compromise the integrity of their bone. 
In our analysis, we included any research, regardless of study 
type, that used a head diameter of 28 mm or more. Research on 
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congenital hip problems such as Developmental Dysplasia of the 
Hip (DDH), Achondroplasia, dwarfism, or gigantism was 
included from the analysis. The papers we included were only 
concerning primary arthroplasty. These also included 
dislocation surgeries done on patients at high risk. Every 
English-language publication from 2018 to 2024 that includes 
relevant patient data and has a minimum one-year follow-up 
time has been included. Research that only showed effects in a 
simulated environment or in animal or laboratory settings has 
been disqualified because of their inherent clinical limitations. 
 
Data extraction:  
The primary objective of the research was to investigate the 
relationship between the acetabular cups and femoral head sizes 
and how they affect better functional outcomes. To determine 
the link between these factors, data from other research had to 
be gathered and analyzed. In addition, the study carefully 
recorded the attributes of the studies it included and the 
individuals who took part, including information about age, 
gender and any pertinent medical history. The study also 
examined particular recurrent subjects of conversation, 
including revision rates, dislocation incidents, offset measures 
and prevalent illnesses. A detailed description of the findings 
was provided to give a complete picture of the research results. 
 
Results:  
Screening:  

 
Figure 1: Screening procedure by PRISMA guidelines 
 
Study selection:  
We methodically prepared a list of the titles and abstracts of 
pertinent articles. Complete papers were collected for in-depth 
analysis in cases where conclusions could not be drawn from the 
abstracts. Examining references in detail made it easier to access 

grey literature and reduce errors in electronic database searches. 
In order to guarantee comprehensiveness, cross-referencing 
citations in review papers was also done. Based on pre-set 
inclusion criteria, titles and abstracts were independently 
screened. Each potentially eligible study was then paired with its 
corresponding full article, which was then painstakingly 
classified with a distinct identity for organized tracking and 
expedited identification in the stages that followed. To ensure 
review precision, we systematically excluded research that 
required more adequate data, was not accessible via electronic 
methods, or presented irrelevant information (Figure 1). 
 
Demographic data:  
Initially, 51,308 patients and 51,692 hips were included in the 
analysis. However, only 18,081 hips made it into the final 
analysis after 22,332 hips were eliminated owing to incomplete 
data or loss of follow-up. At the time of surgery, these hips in 
age from 59 to 79 years, within age of 70. These hips had follow-
ups every 4.3 years on average, with intervals of 1.3 to 11 years. 
 

 
Figure 2: (a) Radiographic cup inclination (b) Radiographic cup 
anteversion (c) Radiographic cup anteversion from a lateral 
shoot through radiograph 
 
Measurement of cup positioning: 

Recently, [11] described the anatomical, radiographic and 
surgical methods for assessing angles of anteversion and 
inclination. Standard anteroposterior (AP) radiographs can be 
used to determine radiographic anteversion and inclination. As 
seen in Figure 2(a), cup inclination is generated by the plane of 
the acetabular aperture and the transverse axis, or ischial 
tuberosity line. Figure 2(b) provides an explanation of how cup 
anteversion is calculated [11].  AP radiographs are not reliable in 
reliably differentiating between cup retroversion and 
anteversion; lateral radiographs are necessary for calculating 
version of cup in cases where CT scan is not feasible [12]. By 
recognizing the angle between the transverse axis and the 
acetabular opening on a shoot-through lateral radiograph, as 
seen in Figure 2(c), one can compute cup anteversion. When 
compared with the AP radiography computation, this method 
tends to overstate anteversion. This methodology was applied in 
one study [13]. The most popular and practically feasible way to 
determine cup location is through standardized AP radiography; 
however, this method is not accurate when compared to 
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anatomical anteversion because it does not take pelvic 
positioning or spine deformity into account. 
 
An accurate measurement of anatomical anteversion and 
inclination angles is made possible by computed tomography 
(CT) (Figure 3), which provides a three-dimensional evaluation 
of acetabular cup location. The angle between the acetabular 
axis' projection onto the transverse plane and the left-right axis is 
known as anteversion, while the angle between the acetabular 
axis and the coronal plane is known as inclination [14]. The 
established confounding factor in radiological measurements, 
pelvic placement, has no effect on these angles. Cup anteversion 
was determined via CT analysis in 4 investigations [15-18]. One 
of two methods was employed to calculate inclination: 
additional AP radiographs or AP radiographic reconstructions 
from CT. Two studies [19, 20] did not specify the techniques 
used to measure cup anteversion and inclination. A goniometer 
and computer-assisted surgery (CAS) were the intraoperative 
instruments that were used in two investigations to help with 
the placement of the acetabular component. 
 

 
Figure 3: Anatomical cup anteversion using CT imaging 
 
Dislocation:  

According to the body of current research, head size and 
dislocation are inversely correlated as long as the implant is 
positioned correctly. Based on long-term follow-up 
investigations in high-volume and combined registry studies, 
our data firmly confirm this finding. Seven studies reported 0% 
to 1% to 5% (Table 2); however, these studies had tiny sample 
sizes [21, 22]. The risk of dislocation is the same for posterior or 
postero-lateral approaches as for other methods; however, the 
risk of dislocation is higher for Minimally Invasive Surgery 
(MIS) procedures, independent of approach or head size. Greater 
head size can improve stability, but only if the cup is oriented 
correctly [23]. If the cup is positioned incorrectly, the benefit of 
stability is lost and the chances of dislocation increases. Large 
heads (‡36 mm), dual mobility liners and restricted acetabular 
liners are alternatives for minimizing future dislocation [24]. 
When stratified by surgical method, the overall 6-year revision 
rate for dislocation was 0.5-0.6%. Since there are several 
contributing factors to hip instability, restoring the femur and 
acetabulum's Offset separately or together, preserving soft tissue 

balance and having a large head diameter all help to stabilize the 
hip and diminish the chance of dislocation [25-26]. We consider 
it impossible to determine at this time if a big femoral head alone 
lowers the dislocation rate. It reduces, if not completely 
eliminates, the danger of hip dislocation and, at most, increases 
hip stability. The [27] found that the survivorship rate for 
dislocation at ten years was 95.6% and at 20 years, it was 90.6%. 
The 10-year survival rate for any event was 89.4% and at 20 
years, it was 82.5%. Just over 7% of patients experienced a 
dislocation of their constrained liners. 4.4% of hips experienced a 
deep infection. Additionally, 1.8% of patients had dissociated 
constraining rings and Periprosthetic femoral fractures. 
 
Anteversion and inclination angle: 
The distribution of angle of inclination and cup anteversion 
between hips that displaced and those that did not was 
calculated and compared in 19 of the 28 articles [28-31]. Only 
inclination was examined by the author. Three out of the 
nineteen trials found a statistically significant variance in the 
mean inclination values between hips that were dislocating and 
those that were not. It was shown that anteriorly displaced hips 
were more extended than posteriorly dislocated hips 
(anterolateral approach). These findings were in contrast to hips 
that did not dislocate. Hips with posterior dislocation were 
found by the [32] (posterolateral approach) to have larger 
inclination angles than hips that were not dislocating. According 
to the [32] (posterolateral) research, hips that dislocated 
generally had larger angles of inclination than hips that did not. 
Mean anteversion angles were observed to differ statistically 
substantially between non-dislocating and dislocating hips in 6 
out of 8 investigations [33-36]. Three of these investigations 
employed the anterolateral, one the posterior and four the 
posterolateral approaches. Four studies looked at anterior and 
posterior dislocations independently; three of them concluded 
that anterior dislocations were linked to higher anteversion, 
whereas the other two concluded that                        were 
                than    -            . Based on the author's 
research, hips that dislocated posteriorly had less anteversion 
than hips that did not. One study [36] indicated that the 
dislocations were less anteverted in this instance, but it did not 
specify if they were anterior or posterior. Significant 
heterogeneity was found when mean angles of anteversion and 
inclination were examined amongst articles. The majority of the 
papers failed to find statistically significant differences in mean 
anteversion values (12/18) or mean inclination values (16/19) 
between dislocating as well as non-dislocating this. 
 
The target zone for cup placement: 
The author suggested a safe zone with a 30 to 50-degree 
inclination and 5 to 25-degree anteversion as a way to reduce 
postoperative dislocation. The [37] suggested that an inclination 
range of 30 to 45 degrees was more optimal, given the 
correlation between excessive inclination and an increased rate 
of wear and edge loading. 16 experiments discovered a range of 
anteversion and inclination angles that may be used to securely 
position the acetabular component; these new target zones 
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differed from the range of values that the author had originally 
recommended [38 - 40]. A statistically substantial reduction in 
the possibility of dislocation was seen by the author (Tran’s 
gluteal approach) for inclinations between 35 and 55 degrees and 
anteversion between 5 and 25 degrees. For this target range, the 
author (76% anterolateral THA) did not find any differences. 
They measured anteversion ranging from 10 to 30 degrees for 
the posterolateral approach and discovered a statistically 
significant decrease in dislocation risk. Three investigations with 
varying target ranges of anteversion and inclination reported a 
statistically significant decrease in cup dislocation which are as 
follows: [41] found that 30–50 degrees of inclination and 10–25 
degrees of anteversion, the [42] found that 35–55 degrees of 
inclination and 5–25 degrees of anteversion, while [23] found 
that 27–57 degrees of inclination and -3 to 27 degrees of 
anteversion has less chances of   dislocation.  There are two "safe 
windows" that [43] identified: (1) 5–50 degrees of inclination and 
5–25 degrees of anteversion and (2) 35–50 degrees of inclination 
and 15–25 degrees of anteversion. i.e. [43] reported posterolateral 
surgery; [41] reported posterior surgery; [23] reported 74% 
anterolateral surgery; and [44] reported anterolateral surgery. 
Severe outliers of cup positioning from the target zone have a 
more increased risk of dislocation, even though [23] target range 
was wider (± 15 degrees) than the other ranges discussed above. 
Eleven investigations juxtaposed the aggregated 
anteversion/inclination values with their positioning within or 
beyond the secure area delineated by [45].  Placing cups in the 
Lewinnek safe zone reduced postoperative dislocation 
statistically significantly, according to only two of these 
investigations [46]. This was compared to the four articles [47-50] 
that found no significant difference between dislocating and 
non-dislocating hips. Four investigations [47-50] revealed that 
there were more hip dislocations outside than inside the 
Lewinnek safe zone. According to seven investigations [47-53], 
there were more dislocating THAs found in the Lewinnek safe 
zone than outside of it. A study by [53] found that 83 per cent of 
dislocating hips were in the safe zone, compared to 53 per cent 
of non-dislocating hips. In terms of positioning and dislocation 
rate, [54] compared the acetabular component's placement when 
it was navigated and when it wasn't. In the Lewinnek safe zone, 
81% of cups placed using the navigated approach landed, 
compared to 63% in the non-navigated group (p < 0.001). 
Additionally, the navigated group experienced 8/779) fewer 
dislocations than the non-navigated group (17/684) (p = 0.03). 
The two groups' mean anteversion and inclination angles were 
comparable [54]. 
 
Infections and other complications: 
Out of 3598 hips, 5.2% had implant aseptic loosening, either for 
the femoral stem or the cup. The aseptic loosening of the stem 
resulted in a 1.5% reoperation rate (49 of 3345 hips), while the 
aseptic loosening of the cup caused 2.9% (103 of 3598 hips) of 
reoperations. 4.6% of hips (153 out of 3345) had an infection 
overall; 2.9% of those hips had a deep infection that required two 
stages of revision total hip arthroplasty (THA); the remaining 
hips had an acute infection that required debridement, 

antibiotics and implant retention. Surgery was used to treat 
every infection, with an overall 4.6% of hip reoperations being 
related to infection (153 out of 3345 hips). Of 3345 hip 
replacements, the incidence of hematoma, seroma and wound 
complications was 0.5%. An uncommon consequence that was 
recorded in 0.1% of instances (4 of 3345 hips) was nerve damage. 
3.4% of cases (111 of 3304 hips) had additional complications, 
such as Periprosthetic fractures, implant failure and component 
breakage; 2.2% of cases (74 of 3304 hips) required reoperation. 
Out of 578 hips, the total incidence of infection was 7.6%. Of 
those, 44 hips required further reoperation in 84.0% of cases and 
7 hips received conservative treatment with suppressive 
antibiotic medication in 15.9% of cases. Of the 37 cases (62.2%) of 
infected hips that needed surgery, revision or resection, 
arthroplasty was done in 23 and debridement, antibiotics and 
implant retention (DAIR) was done in 14 cases (37.9%) of 
infected hips. Of the 578 hips, the total reoperation rate as a 
result of infection was 6.4%. Of the 578 cases, 41 instances (or 
7.1%) had additional problems noted. Of those, 19 out of 41 
problems required surgical treatment in 46.3% of the patients; 
the most common complication requiring additional surgery 
was Periprosthetic fracture (12 hips, 2.1%). Revision of the 
implant was recorded in 75% of instances (9 out of 12 hips) and 
osteosynthesis in 25% (3 hips) of cases with Periprosthetic 
fractures. 53.7% of the 41 problems did not require surgery, with 
DVT being the most common, with a reported incidence of 1.2% 
(7 hips). 
 
Functional outcome: 
Following surgery, the Hip Disability and Osteoarthritis 
Outcome Score (HHS) ratings showed a consistent and 
noteworthy improvement across all investigations. There was a 
high degree of variation among the research, as indicated by the 
heterogeneity index (I2) of 97%. With a 95% confidence interval 
of 36.48 to 47.86 points (p<0.001), the HHS scores showed a 
significant average improvement of 42.17 points out of 100. 
 
Revision rate:  
Prior research revealed that younger patients had higher 
revision rates after Charnley low-friction arthroplasty than older 
cohorts did. The primary causes of failure were wear-induced 
osteolysis and aseptic loosening. Five studies that report the total 
revision rate in larger sample sizes with a revision risk ranging 
from 1 to 5% were identified (Table 2). Because of ARMD 
(adverse reaction to metal debris) problems, the metal on metal 
(Metal on metal) combination had the highest reported revision 
rate (7.5%). According to the Swedish registry study, female sex, 
posterior approach, MIS, small head size (RR=2.5, CI 1.1–5.7; 
p=0.03) and posterior method are related to an increased risk of 
revision factors. Comparing LDH metal on metal total hip 
arthroplasty to cemented total hip arthroplasty another Finnish 
registry study reveals that revision rates were higher in female 
sex patients 55 years of age or older and that revision rates were 
not statistically significantly impacted by head diameter or 
diagnosis. An annualized revision rate of 0.6% was obtained 
from the 37 hips (5.0%) that were revised after an 8.4-year 
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weighted mean follow-up among the included studies for 
review. 
 
Offset: 
Femoral offset: 

First, within the offset parameters, this review will deal with the 
femoral component. Several studies have assessed the 
advantages and disadvantages of varying the femoral Offset. 
Previous research [55] has typically been critical of reducing 
femoral Offset. One of the first notable papers on this subject 
was written by [56]. Who discovered that patients whose 
original femoral offset was reduced by more than 5 mm had 
worse functional outcome scores than patients in the groups 
with patched and increased offsets? Reduced femoral Offset has 
been shown to modify gait, which is consistent with the findings 
of [57-58] discovered that there was no correlation between a 
reduced femoral offset and a higher risk of dislocation [59]. Have 
conducted a study of simulation results related to capacity and 
have determined that, in line with Pauwels' biomechanical 
model of the hip a reduced femoral offset results in an increase 
in abductor muscle power and hip joint connection points to 
maintain the hip abduction moment. Accordingly, every one of 
these research suggests that femoral Offset shouldn't be 
decreased following surgery. That being said, not every member 
of the scientific community agrees with every other member 
[60]. 
 
Acetabular offset: 

Compared to the literature on femoral Offset, less research has 
been published on the topic of acetabular Offset. As a matter of 
fact, the literature on acetabular Offset has become less active 
and produced fewer papers [61]. A recent study [62] found that 
although both femoral and acetabular offsets are thought to be 
significant for restoring hip joint architecture, the majority of 
research has concentrated on femoral Offset in relation to gait 
and function. According to an early study [63] on this topic, for 
the best acetabular component coverage, the original hip centre 
of rotation should be restored or slightly medialized. In reality, 
this idea demonstrated better functional results when combined 

with a higher femoral offset that compensates for it. According 
to [64], medialization resulted in a considerable diminution in 
acetabular Offset (5 mm) with no change in global Offset, 
corresponding with a significant rise in femoral Offset (5 mm). 
The proposed scientific rationale, as presented by [65], is as 
follows: A decrease in acetabular offset might produce a positive 
impact by reducing the stress utilized to the prosthetic joint and 
would need counterbalancing by boosting the femoral offset to 
avoid decreased the global offset which would needed limb 
elongation to avoid instabilities. 
 
Global offset:  
Studies nevertheless emphasize that global Offset-the whole sum 
of the femoral and acetabular components is a crucial 
component to take into account when analysing its subgroups 
within the offset domain [66]. Emphasize that the global Offset is 
a more dependable joint parameter than femoral Offset alone for 
restoring hip parameters following primary total hip 
arthroplasty (THA) since it accounts for both acetabular and 
femoral Offset. However, since acetabular and femoral offsets 
can be adjusted separately, this begs the question of whether the 
resulting global Offset should be retained, increased, or lowered 
overall. Many researchers have looked into and criticized the 
decrease in global Offset, which is sometimes referred to as a 
surgical error [67]. For example, a warning was issued that 
decreasing global Offset by more than 5 mm is associated with 
worse functional outcomes for patients. In fact, when global 
Offset was sufficiently reinstated according to reduced 
acetabular Offset rendering to Pauwels's definition and 
increased femoral Offset, [68] demonstrated enhancements in 
gait pattern, + discomfort and health-related quality of life. It is 
noteworthy that Clement and colleagues also demonstrated that 
enhanced functional results are obtained with a large reduction 
in acetabular Offset, an increase in femoral Offset and no overall 
significant alteration in global Offset. Various offsets- outline of 
crucial consequences from the literature was noted and 
tabulated (Table 1). 

 
Table 1: Various offsets- outline of crucial consequences from the literature 

References year Cases Study type Offset Parameter related to 
Offset 

Key findimg 

[69] 2021 18 Patients Prospective Ipsilateral Offset   Increased abductor moment arms were 
obtained with a 2.3–2.9 mm increase in 
FO, while the maximum contraction of 
the hip muscles was kept below5.0%. 

[70] 2021 26 normal hips Simulation Ipsilateral Offset Simulated acetabular 
component coverage 
rate, micromotion,and 
peak stress  distribution 

The anatomical approach has no stress 
concentration and less micromotion than 
the al technique, which has higher 
coverage rates. 

[71] 2021 131 Hip OA Simulation Ipsilateral Offset NA Significant differences in natural 
acetabular offset between individuals 
(up to 13 mm). There is a chance of up to 
19 mm of excessive medialization when 
reaming down to the actual floor of the 
acetabulum. 

[72] 2020 121 patients Prospective  Contralateral Offset Simulated hip range of 
motion before 
impingement 

Simulated under restoration reduced the 
number of patients meeting the ROM 
requirements for ADL by more than 20% 
in patients with highstems. Simulated 
over-restoration of Offset causes a 
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modest rise of less than 10% in patients 
with standard Offset stems. 

[73] 2021 91 patients Prospective Preoperative ipsilateral Offset Gait speed The postoperative gait speed was not 
significantly influenced by global offset. 

[74] 2021 65 patients Prospective Preoperative ipsilateral Offset and contralateral Offset HOOS, EQ-5D, gait 
analysis 

With restored global offset based on 
increased femoral offset and medialized 
acetabular offset, gait pattern and 
discomfort improved. An increase in 
walking speed and an upright posture 
were associated with the higher hip 
adduction moment, rather than a shift in 
offset quota. 

 
Table 2: Characteristics of included studies 

References Head Size Level of study No of patients (hip) Follow-up Dislocation Acetabular cup fixation Revision rate 

[75] < 36mm Prospective, Longitudinal and Observational 237 hips 10-12 NA 0.4% 0.8% 
[76] 36mm Prospective 22 hips 4-13 18% 6.5% 4% 
[77] 28mm Retrospective 48 82 months NA 8.3% 2.5-30% 

32mm 47 56 months 1.4% 8.5% 
36mm 49 28 months 0.7% 40.8% 

[78] 32mm Retrospective cohort study 101, 443 6.6 yrs 2.84% 4-8% 4.7% 
[79] 32mm Retrospective 296 hips 2 yrs 3.38% 0.66% NA 
[80] >28mm Prospective 40 hips 15 months 1.4% NA NA 
[81] 36mm Retrospective Cohort study 65 hips 2 yrs 3.0% 1.5% NA 
[82] 36mm/ 

40mm 
Retrospective 370 patients 12 months 1.1% 8% 10% 

 
Discussion:  
We examined eight included studies in this systematic review in 
order to measure cup positioning, assess the impact of cup mal-
positioning on dislocation rates after primary total hip 
arthroplasty and pinpoint suggested target zones for cup 
anteversion and inclination to lower the risk of dislocation. The 
bulk of issues with the assessment and comparison of articles 
had to do with the methodology and design of the studies. The 
cup version of one study could only be categorized as retro-, 
normo-, or anteverted, which precluded a statistical comparison 
with the other papers. Studies [83-93] that looked at cup location 
radiographically did not mention using lateral pelvic 
radiographs to distinguish between anteversion and retroversion 
[94]. Said that anteversion was assumed. According to other 
papers, hip anteversion calculations were never done in the 
absence of a lateral radiograph. Cases of hip dysplasia were 
included in five studies' samples that were examined for cup 
placement versus dislocation. This could have had an impact on 
the suitability of the angle ranges found in the context of non-
dysplastic hip arthroplasty since hip dysplasia has been 
demonstrated to manipulate cup location recently. Only one 
study reported a dysplastic hip total hip arthroplasty rate of 
more than 5%. Three studies that did not distinguish between 
cases of primary and revision arthroplasty in their analysis had a 
similar problem. It should be noted that 6 out of 9 dislocations in 
the study were revision instances [95]. Although the author 
determined the percentage of all instances that were primary 
total hip arthroplasty neither the dislocation nor comparison 
groups received this information [96]. Dislocation rate and cup 
positioning angles are included in this study's listing of primary 
and revision THAs since primary THAs could not be 
distinguished from the sample given. Since one study's data 
showed an indirect comparison between cup positioning and 
dislocation rate, it was not included in the comparison with the 
other papers [97]. We considered the results of that study to be 

pertinent to our research issue and included them for qualitative 
reasons, even though it included a potential confounding 
variable. The lack of adequate statistical power was also 
mentioned as a potential barrier to validating and comparing the 
results of articles. The size of the study groups varied greatly 
throughout publications; [98] whose research has low statistical 
power would find it challenging to replicate their findings with 
higher sample numbers. It was not possible to evaluate the 
research in this way since it did not provide the extent of the 
patient sampling from which the study groups were selected 
[98]. When measuring anteversion/inclination angles, ordinary 
radiographs give definitions of anteversion and inclination that 
differ from CT's anatomical definitions. In certain research, 
computer processing was utilized to compute anteversion and 
inclination angles. Comparing cup positioning angles and target 
zones across research was thought to be complicated by the fact 
that different articles used different manual methods for 
calculating angles. Because of this, we advise measuring 
anteversion and inclination angles using a uniform 
methodology. The benefits of using CT include measurements 
that are unaffected by pelvic positioning, more accurate 
identification of angles (especially anteversion) and the ability to 
calculate femoral version. These findings have been documented 
by [99, 100]. Nevertheless, it seems that the most straightforward 
and economical approach to date is computer analysis of 
conventional AP and lateral radiographs. Moreover, functional 
cup positioning in the standing position is represented by 
acetabular cup positioning, which is assessed on standardized 
standing AP radiographs and ought to be advised. This contrasts 
with the anatomical position determined by CT scanning, as well 
as the potential for altered positioning as determined by supine 
AP and shoot-through pictures [101]. 
 
According to [102], the ideal site for lowering the risk of 
dislocation may not always coincide with the target zone, which 
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lowers the risk of other problems such as wear, impingement 
and revision rates. It has been demonstrated that additional 
elements like pelvic tilt and component sizing affect the risk of 
dislocation and the proper alignment [103]. As a possible factor 
in hip stability, the femoral version and a combination of the 
acetabular-femoral version have also been studied [104]. These 
factors, however, were not examined because they were outside 
the purview of this review. The probability of anterior and 
posterior dislocation can be influenced by the surgical strategy 
used; in certain cases, a different target zone may be advised 
[105]. For instance, a posterior approach would increase the risk 
of posterior dislocation by causing soft tissue and muscle 
weakening at the operative site. According to the hip joint's 
mechanics, increasing anteversion in this situation should 
potentially lessen the likelihood of a posterior dislocation [106]. 
Lower anteversion angles were recorded in several trials 
included in this analysis when dislocating THAs using the 
posterolateral technique. This may imply the requirement for 
target zones unique to the total hip arthroplasty surgical 
technique. Of these, two articles [105] [106] identified a 
statistically significant difference, whereas [107-110] found no 
statistically significant reduction in hip dislocation for cups 
placed in this zone. Five investigations were able to determine 
the anteversion and inclination target zones that minimized the 
chance of dislocation. Four papers, in contrast, revealed target 
zones with an identical dislocation rate. According to two of 
these research [111, 112], cup anteversion has a rather narrow 
range of 10–15 degrees. Small sample sizes may have hampered 
the other two, even though they tested a wider range of targets 
[113]. This may imply that these target zones need to be 
reinterpreted in some situations or that the suggested target 
zones ought to be increased due to their impracticality. The 5% 
revision rate at 8.4 years is comparable to the general total hip 
arthroplasty population. This suggests improved techniques and 
implants in recent literature. As an alternative, new technology 
designed to support precise cup placement may make it possible 
to replicate small target ranges in a clinical setting. Compared to 
freehand methods, the use of CT-based or imageless navigation 
systems has been linked to improved placement in a designated 
target zone and reduced variability in cup placement [114]. In 
order to more accurately assess the proper cup location for each 
patient, these techniques can make use of patient-anatomical 
landmarks such as the pubic tubercle and anterior superior iliac 
spines [115]. 
 
In conclusion, our comprehensive analysis of pertinent literature 
revealed that while some studies were unable to find a 
correlation, others demonstrated that cup positioning had an 
impact on postoperative dislocation. The majority of the 
publications did not detect a statistically important distinction 
between the groups of dislocating and non-dislocating THAs 
when comparing the mean angles of anteversion and inclination. 
It is challenging to generalize the goal zone for cup location in 
total hip arthroplasty because of the diversity of study methods, 
surgical techniques and patient demographics that have been 
discovered. There are likely a number of other factors that affect 

the target zone for cup placement. Therefore, each patient's 
optimum target zone may differ based on these circumstances. 
While it might not completely eliminate the danger of 
dislocation, positioning the cup in a target zone could help to 
reduce it. Future research examining the positioning of the 
acetabular cup and the risk of dislocation ought to evaluate other 
surgical techniques independently, as these techniques could 
impact the ideal placement of the acetabular component. 
 
Conclusion:  

Data shows that the average anteversion and inclination angles 
between hips that dislocated and those that did not were not 
significantly different. It is difficult to definitively identify the 
ideal target zone for cup positioning in total hip arthroplasty 
(THA) because of the variety of study methods, surgical 
techniques and patient demographics taken into account. Two 
"safe windows" have been defined for surgical procedures: 1) an 
inclination of 35-50 degrees and an anteversion of 5-25 degrees 
and 2) an inclination of 35-50 degrees and an anteversion of 15-
25 degrees. Other factors also influence the ideal cup placement, 
resulting in variation based on individual patient characteristics. 
Patient over 18 years old shows reliable outcomes for up to 10 
years post-THR. Modular designs have reduced dislocation 
rates.  
 
Future recommendations:  
Future research on the positioning of the acetabular cup and the 
risk of dislocation should examine other surgical techniques, 
patient characteristics and use of advanced techniques and 
prosthesis. 
 
References: 
[1] Vigdorchik JM et al. The Journal of Arthroplasty. 2021 36:210. 

[PMID: 32741711]  
[2] Deepu B et al. Indian J Orthop. 2017 51:386. [PMID: 

28790467] 
[3] Murphy WS et al. Clin Orthop Relat Res. 2018 476:325. [DOI: 

10.1007/s11999.0000000000000051] 
[4] Robertson RN et al. Journal of Arthroplasty. 2022 37:336. 

[DOI: 10.1016/j.arth.2021.10.005] 
[5] McHugh et al. Disabil Rehabil. 2012 34:1351. 

[Doi:10.3109/09638288.2011.644022] 
[6] Green A et al. World Journal of Orthopedics. 2023 14:853. 

[PMID: 38173808] 
[7] Tabata et al. Eur J Orthop Surg Traumatol. 2015 25:497. 

[DOI:10.1007/s00590-014-1571-4] 
[8] Mancino F et al. Orthopedic reviews. 2020 12:8655. [PMID: 

32913591] 
[9] Lombardi Jr AV & Adams J B. Surgical technology 

international. 2024 44:263. [PMID: 39028111] 
[10] Mehta N et al. Hip International. 2021 1:644.[PMID: 

32157907] 
[11] Fujita M et al. Archives of Orthopaedic and Trauma urgery. 

2023 143:7229. [PMID: 37479832] 
[12] Sathikumar SA et al. Arthroplasty. 2023 5:59.[PMID: 

38037156] 



ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2025) Bioinformation 21(2): 145-154 (2025) 
 

153 

 

[13] Tanino H et al. BMC Musculoskeletal Disorders. 2021 22:299. 
[PMID: 33757470] 

[14] Matsuki Y et al. Journal of Orthopaedic Science. 2023 28:370. 
[PMID: 34823976] 

[15] Mishra A et al. Indian Journal of Orthopaedics. 2020 54:174. 
[PMID: 32257035] 

[16] Kong X et al. Journal of Orthopaedic Surgery and Research. 
2020 15:159 .[ PMID: 32316973] 

[17] Tetsunaga T et al. Journal of Orthopaedic Surgery and 
Research. 2020 15:147.[PMID: 32295628] 

[18] Tetsunaga T et al. Hip International. 2021 31:603. [PMID: 
32019376] 

[19] Delagrammaticas DE et al. HIP international.2020 30:40. 
[PMID: 31387397] 

[20] Snijders TE et al. The Journal of Arthroplasty. 2021 36:2184. [ 
PMID: 33516634] 

[21] Hermansen LL et al. Journal of Arthroplasty 2021 36:1407. 
[PMID: 33423877] 

[22] Kim JS et al. Scientific Reports. 2023 13:22404. [PMID: 
38104208] 

[23] Grammatopoulos G et al. JBJS. 2022 104:397. [PMID: 
34767540] 

[24] Hoskins W et al. JBJS. 2020 102:2060. [PMID: 33264216] 
[25] Song JH et al. Orthopaedic Surgery. 2020 12:2004.[ PMID: 

33099883] 
[26] Gillinov SM et al. JAAOS-Journal of the American Academy of 

Orthopaedic Surgeons. 2022 30:1047. [PMID: 35947825] 
[27] El-Husseiny M et al. Bone & Joint Journal. 2019 101:123. 

[PMID: 31146561] 
[28] O'Connor PB et al. Bone & Joint Open. 2021 2:834. [PMID: 

34633223] 
[29] Li L et al. Orthopaedic Surgery. 2020 12:1663. [PMID: 

32924261] 
[30] Dimitriou D et al. Archives of Orthopaedic and Trauma 

Surgery. 2023 143:5977. [PMID: 36899142] 
[31] Mancino F et al. Orthopedic Reviews. 2020 12:8656. [PMID: 

32913592] 
[32] Zhang W et al. Annals of Translational Medicine. 2023 11:196. 

[PMID: 37007575] 
[33] Hidaka R et al. Arthroplasty. 2024 6:22. [PMID: 38704579] 
[34] Naito Y et al. BMC Musculoskeletal Disorders. 2021 22:1016. 

[PMID: 34863119] 
[35] Hidaka R et al. Journal of Orthopaedic Surgery and Research. 

2022 17:226. [ PMID: 35399103] 
[36] Grosso MJ et al. Arthroplasty Today. 2023 23:101192. [ PMID: 

37745968] 
[37] Pazhani J & Sathish M. International Journal of Orthopaedics 

Sciences. 2020 6:561. [DOI:10.22271/ortho.2020.v6.i1j.1924] 
[38] Meermans G. et al. EFORT open Reviews. 2022 7:365. [PMID: 

35638598] 
[39] Guo D et al. Orthopaedic Surgery. 2022 14:1498. [PMID: 

35701994] 
[40] Kunze KN et al. Arthroplasty Today. 2022 18:68. [PMID: 

36275492] 
[41] Fontalis A et al. International Orthopaedics. 2023 47:573. 

[PMID: 36496548] 

[42] Pour AE et al. Journal of arthroplasty. 2021 36:2393. [PMID: 
33653630] 

[43] Shiomoto K et al. Clinical Biomechanics. 2022 91:105537. 
[PMID: 34847472] 

[44] Sicat CS et al. Journal of Arthroplasty. 2022 37:S540. [PMID: 
35428540] 

[45] Tsikandylakis G. wear and cup stability. 2021. 
[http://hdl.handle.net/2077/67126]. 

[46] Seagrave KG et al. Acta Orthopaedica 2016 88:10. [Doi: 
10.1080/17453674.2016.1251255] 

[47] Innmann MM et al. JBJS Open Access. 2024 9:e23.00120. 
[PMID: 38994529] 

[48] Zhao JX et al. Annals of Translational Medicine. 2020 8:130. 
[PMID: 32175423] 

[49] Innmann MM et al. BMC Musculoskeletal Disorders. 2022 
23:881. [DOI: 10.1186/s12891-022-05820-w] 

[50] Sharma AK et al. Journal of Orthopaedics. 2021 27:41. [PMID: 
34483549] 

[51] Meermans G et al. Journal of Orthopaedics and Traumatology. 
2024 25:25. [PMID: 38727945] 

[52] Nakasone S et al. Arthroplasty Today. 2022 16:46. [PMID: 
35647246] 

[53] Kievit AJ et al. Hip International. 2021 31:58. [PMID: 
31506002] 

[54] Sharma A et al. International Journal of Orthopaedics. 2021 7: 
822. [DOI: 10.22271/ortho.2021.v7.i4l.2973] 

[55] Driesman AS et al.  JAAOS-Journal. 2024 32:921. [PMID: 
39365163] 

[56] Lopes BdM et al. Acta Ortopédica Brasileira. 2022 30:e243763. 
[PMID: 35694021] 

[57] Hirano Y et al. Scientific Reports. 2023 13:1621.  [PMID: 
36709404] 

[58] Burzyński S et al. PLoS One. 2021 16:e0250397. [ PMID: 
33945554] 

[59] Jud L et al. International Orthopaedics. 2024 48:1217. [PMID: 
38388804] 

[60] Enke O et al. Hip International 2020 30:296. [PMID: 
30924374] 

[61] Foy M et al. Journal of Clinical Orthopaedics and Trauma 2020 
16:132. [PMID: 33717947] 

[62] Tone S et al. Scientific Reports. 2022 12:12644. [PMID: 
35879390] 

[63] Worlicek M et al. Scientific Reports. 2020 10:7107. [PMID: 
32345993] 

[64] Geijer M et al. Acta Radiologica Open. 2020 
9:2058460120964911. [PMID: 33101707] 

[65] Erivan R et al. International orthopaedics. 2020 44:45. [PMID: 
31254017] 

[66] Yang T et al. Orthopaedic Surgery. 2023 15:2373. [PMID: 
37519271] 

[67] Chen X et al. Frontiers in Surgery. 2022 9:845364. [PMID: 
35310443] 

[68] Luger M et al. Journal of Orthopaedic Surgery and Research. 
2021 16:730. [PMID: 34930358] 

[69] Hu X et al. Frontiers in Bioengineering and Biotechnology. 2021 
9:645019. [PMID: 33869155] 

https://dx.doi.org/10.1186/s12891-021-04167-y
https://doi.org/10.1007%2Fs43465-020-00061-2.
https://doi.org/10.1177/1120700019868665.
https://dx.doi.org/10.5435/JAAOS-D-22-00150
https://dx.doi.org/10.5435/JAAOS-D-22-00150
https://dx.doi.org/10.1186/s12891-021-04902-5.
https://dx.doi.org/10.1186/s12891-021-04902-5.
https://dx.doi.org/10.1111/os.13334
http://hdl.handle.net/2077/67126
https://dx.doi.org/10.2106/JBJS.OA.23.00120
https://doi.org/10.21037%2Fatm.2019.12.150.
https://doi.org/10.21037%2Fatm.2019.12.150.
https://dx.doi.org/10.1186/s12891-022-05820-w
https://dx.doi.org/10.22271/ortho.2021.v7.i4l.2973
https://dx.doi.org/10.5435/JAAOS-D-23-00931
https://dx.doi.org/10.1038/s41598-023-28863-y


ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2025) Bioinformation 21(2): 145-154 (2025) 
 

154 

 

[70] Zuo J et al. Scientific Reports. 2021 11:9836. [PMID: 
33972628] 

[71] Merle C et al. Journal of arthroplasty. 2019 34:1808. [PMID: 
31122846] 

[72] Weber M et al. Scientific Reports. 2020 10:13208. [PMID: 
32764592] 

[73] Ohmori T et al. JBJS. 2021 103:1093. [DOI: 
10.2106/JBJS.20.00949] 

[74] Esbjörnsson A et al. BMC Musculoskeletal Disorders. 2021 
22:369. [PMID: 33879123] 

[75] Beckers G et al. Journal of Arthroplasty. 2024 39:3028. [ PMID: 
38909852] 

[76] Sunil S et al. Int. J. Orthop. Sci. 2020 6:352. 
[DOI:10.22271/ortho.2020.v6.i1g.1888] 

[77] Pedneault C et al. Hip International. 2020 30:141. [PMID: 
31074310] 

[78] Mononen H et al. Bone & Joint Journal. 2020 102:1003. 
[PMID: 32731818] 

[79] Wang QX et al. European Review for Medical & 
Pharmacological Sciences. 2023 27:5013. [PMID: 37318475] 

[80] Mittal V et al. Journal of Bone and Joint Diseases. 2022 37:55. 
[DOI: 10.4103/jbjd.jbjd_15_22] 

[81] Torini AP et al. Journal of Clinical Medicine. 2023 12:670. [ 
PMID: 36675598] 

[82] Herman A et al. Hip International. 2020 30:93. [PMID: 
30887851] 

[83] Snijders TE et al.  Orthopaedic Surgery.  2019 11:241. [PMID: 
30932341] 

[84] Li X et al. Heliyon.  2024 10:e31141.[ PMID: 38803989] 
[85] Kruse C et al. Plos one. 2018 13:e0191401. [ PMID: 29377951] 
[86] Widmer D et al. Journal of Arthroplasty. 2018 33:2652. 

[PMID: 29615377] 
[87] Muir JM et al. Cureus. 2019 11:e6274. [PMID: 31911867] 
[88] Mussmann B. et al. Radiography. 2019 25:e53. [PMID: 

31301791] 
[89] Lin CH et al. Orthopaedic surgery. 2024 16:276. [PMID: 

37986662] 
[90] Murphy MP et al. The Bone & Joint Journal. 2019 101:1042. 

[PMID: 31474147] 
[91] Penenberg BL et al. JBJS. 2018 100:226. [PMID: 29406344] 
[92] Zhao JX et al. Medical & Biological Engineering & Computing. 

2019 57:2359. [PMID: 31502181] 

[93] Derbyshire B. Proceedings of the Institution of Mechanical 
Engineers. Part H: Journal of Engineering in Medicine. 2018 
232:299. [PMID: 29473454] 

[94] Klemt C et al. bone & joint journal. 2020 21:1. [ PMID: 
32955350] 

[95] van Erp J. et al. Archives of Orthopaedic and Trauma Surgery. 
2023 143:4491. [PMID: 36357707] 

[96] Budzińska MB et al. Japanese Journal of Radiology. 2023 41:14. 
[DOI: 10.1007/s11604-022-01332-8] 

[97] Tian R et al. Journal of Orthopaedic Surgery and Research. 2023 
18:236. [PMID: 36964615] 

[98] Christensen TH et al. Journal of Arthroplasty. 2023 38:S300. 
[PMID: 37236286] 

[99] Forde B et al. Journal of orthopaedics. 2018 15:131. [ PMID: 
29657456] 

[100] Miettinen SS et al.  Hip International. 2019 29:253.  [PMID: 
30209970] 

[101] Merfort R et al. Scientific Reports. 2023 13:20327. [PMID: 
37989863] 

[102] Maciąg B et al. Reumatologia. 2024 62:128. [PMID: 38799773] 
[103] Li Z et al. BMC Musculoskeletal Disorders. 2024 25:103. 

[PMID: 38291445] 
[104] Moghnie A et al. Journal of Orthopaedic Surgery and Research. 

2023 18:278. [PMID: 37020227] 
[105] Laggner R et al. Scientific Reports. 2023 13:17161. [PMID: 

37821499] 
[106] Bäcker HC et al. Archives of Orthopaedic and Trauma Surgery. 

2023 143:1061. [PMID: 35088168] 
[107] Nonne D et al. Injury.  2019 50:S26. [PMID: 30691923] 
[108] Mechlenburg I et al. Clinical rehabilitation. 2022 36:767. 

[PMID: 35167386] 
[109] Assi C et al. Hip International. 2021 31:174. [PMID: 31875722] 
[110] Schmidt A et al. Journal of Arthroplasty. 2020 35:500. [PMID: 

31563399] 
[111] Johnson PK et al. Cureus. 2024 16:e65600. [PMID: 39205764]  
[112] Lengkong AC Journal of World Science. 2024 3:384. [DOI: 

10.58344/jws.v3i3.571] 
[113] Iljazi A et al. Acta Orthopaedica 2024 95:407. [ PMID: 

39023400] 
[114] Ackerman SJ et al. ClinicoEconomics and Outcomes Research 

2023 15:321. [PMID: 37143936] 
[115] Jain S et al. Bone & Joint Journal. 2023 105:124. [PMID: 

36722066] 

 
 

 
 

https://dx.doi.org/10.2106/JBJS.20.00949
https://dx.doi.org/10.22271/ortho.2020.v6.i1g.1888
https://doi.org/10.1111/os.12445.
https://doi.org/10.1016/j.heliyon.2024.e31141.
https://doi.org/10.7759%2Fcureus.6274.
https://dx.doi.org/10.1302/0301-620X.101B9.BJJ-2019-0085.R1
https://dx.doi.org/10.2106/JBJS.16.01501
https://doi.org/10.1177/0954411918754924.
https://dx.doi.org/10.1177/1120700018798302
https://doi.org/10.1186/s12891-024-07199-2
https://doi.org/10.1186/s12891-024-07199-2
https://doi.org/10.1016/j.injury.2019.01.022.
https://dx.doi.org/10.7759/cureus.65600

