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Abstract: Background and Objectives: The safe zone in total hip replacement was introduced many
years ago. Its aim was to provide guidelines for orthopedic surgeons in order to avoid complications
such as instability. With the growing interest in spinopelvic alignment, some new insights suggest
that the safe zone is an obsolete concept. This study aims to show that, even outside the safe zone,
the effect of total hip replacement can be satisfactory. This could be used as preliminary study for
an analysis of a larger group. Materials and Methods: Fifty-nine consecutive patients with end-stage
osteoarthritis treated by total hip replacement were enrolled into the study and divided into two
groups: inside the safe zone and outside the safe zone. A physical examination during postoperative
visits was performed; the range of movement was measured using a goniometer; and the HHS
and VAS were taken to measure functional outcomes and pain, respectively. An analysis of the
radiological outcomes was performed. Results: There was no significant difference in regard to
changes in total offset, pain, HHS and other complications. There were no signs of instability among
patients during the follow-up. Conclusions: The results of this study show that the “safe zone” is a
more complicated term that was previously thought. A proper soft tissue balance and spinopelvic
alignment could be factors that change the “safe zone” for each patient and make it more individual.

Keywords: total hip replacement; arthroplasty; anteversion; spinopelvic; THA; THR

1. Introduction

Total hip replacement (THA) is one of the most successful operations of all time,
and, due to this, it is also one of the most commonly performed nowadays in orthopedic
surgery. With a survival rate of 95% for 10 years and over 1 million operations performed
worldwide each year [1], it leads to a huge number of patients and potential problems.
In 2019, these numbers significantly decreased due to the COIVD-19 pandemic, to about
69% of those of the previous year [2]. Now, a significant increase can be seen. Thus, the
demand for new knowledge and updates regarding this topic is significant [3]. Especially
useful are data that may have an impact on preoperative planning, which could lead to a
better understanding of implant placement and its consequences, to prevent mistakes in
the future [4]. In recent years, many research advancements have considerably improved
this process—for example, using femoral heads with large diameters was proven to give
better results [5], and taking into account spinopelvic alignment is now a matter of high
importance to predict results [6], prevent complications [7] or place the cup correctly [8].

The acetabular cup position is best described by offset, anteversion and inclination,
which are crucial parameters in operative planning. There are three types of offset: femoral,
which is described as the shortest distance between the center of rotation and the femoral
axis; acetabular, which is described as the shortest distance from the pubic symphysis
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(midline) to the center of rotation; and global, which is the sum of the femoral and acetabular
values. Anteversion is defined as the angle between a line connecting the lateral anterior
and posterior margins of the acetabular component and the sagittal plane, and inclination
is described as the angle between the longitudinal axis of the body and the projection of
the acetabular axis in the coronal plane.

The proper positioning of the acetabular component of the endoprosthesis is impor-
tant in minimizing the risk of complications due to the operation, such as hip instability,
improper polyethylene wear or iliopsoas impingement [9]. There are many factors that may
influence the operation, such as pre-existing deformities, poor bone quality, the surgical
technique and implant selection. Since patients’ factors are difficult to change, there is
always a need for significant improvements in other fields, such as the design of implants,
better surgical techniques, etc. Clinicians also devote effort to the proper preoperative plan-
ning to avoid complications, although there is always a possibility of underestimating some
factor that is crucial. A few of these factors have already been identified as important and
proven to affect the cup placement, such as obesity [10], the handedness of the surgeon [11]
and the axial rotation of the patient on the operating table [12]. Thus far, the impact of the
offset on the abductor lever arm, instability and function has been well described [4,10].
Proper soft tissue tensioning achieved by offset restoration has a positive influence on
abductor muscle function and hip stability; excessive soft tissue tension may lead to faster
polyethylene wear; and decreased soft tissue tension may lead to instability and improper
muscle function, which sometimes results in the Trendelenburg sign. Besides the offset, the
angular position is another vital parameter; in particular, anteversion is believed to have
an important role in the stability and function of the hip [4,10] and is believed to be still
underinvestigated. Suboptimal angular positioning may pose a huge problem for patients
in their daily living activities and lead to lower satisfaction following treatment, and it may
sometimes pose a major challenge for surgeons [13].

Problems with the proper angular placement of the cup have been examined for many
years. Regarding modern arthroplasty, there has been a debate about the perfect anteversion
and inclination of this part of the implant. It is well known that the biomechanics after total
hip replacement change. The results of some studies suggest that patients with THA have
dysfunction of the stabilizer muscles of the lumbopelvic region, along with increased pelvic
motion [14]. These findings should be taken into account during preoperative planning,
because any dysfunction in the stabilizer muscles can lead to instability, which is a serious
complication.

Over 40 years ago, Lewinnek investigated the problem of stability and established
the “safe zone” (anteversion 15 degrees ± 10 and inclination degrees 40 ± 10) according
to research performed on patients with postoperative hip instability [15]. This approach
to cup placement has been used as a guideline for orthopedic surgeons for decades. The
visualization of this concept is presented in Figure 1. Unfortunately, it has been shown that
the cup anteversion range widely considered as “safe” does not provide adequate stability
in every case, suggesting that there is a “functional safe zone” that is more important for
stability [16]. Although more difficult to implement in everyday operative planning, this
new approach is more individual and potentially can lead to a decrease in complications.
These new ideas have led to further research [13] and increased interest in this area, which
is thought to be critical in achieving better postoperative results.

Almost every surgical intervention in the musculoskeletal system can lead to biome-
chanical alterations of the kinematic chain in which the operated area is involved. There
are also some alterations in hip biomechanics after total hip replacement, which are the
result of the operation, such as a decrease in walking speed, stride length, the single limb
support time and the sagittal plane hip ROM [17]. It is believed that biomechanics that
are more natural contribute to better functional results following a surgical treatment.
This approach has been proven to be true; although it sometimes forces surgeons to place
endoprostheses in positions that are believed to promote faster wear, it does not seem to
have adverse effects on implant survival [18]. Because of this, it is important to carefully
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plan the operation and set the anteversion while considering the “functional safe zone”,
hip biomechanics and typical mechanisms of instability and dislocation after THR, such as
the impingement of the prosthetic femoral neck on the cup liner; the impingement of the
osseous femur on the osseous pelvis; and spontaneous dislocation caused by soft tissue
traction without impingement [19].
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The numerous papers published in the past year stress the importance of the proper
anteversion of the cup [14,16]. Despite this, the current literature provides few examples
of studies on cup anteversion outside Lewinnek’s “safe zone” after primary THA. This
lack of data about patients’ postoperative outcomes outside this range highlights a short-
age of knowledge in this area. The potentially beneficial effect of setting the acetabular
anteversion outside the “safe zone” is not achieved when strictly following Lewinnek’s
recommendation. Our study is a retrospective study of a small group of patients, designed
to evaluate the risk of hip dislocation after setting the acetabular anteversion during THA
outside the typical range. Another goal is to highlight the potential value of performing a
larger study on patients with an acetabular cup after total hip replacement placed outside
the “safe zone”.

2. Materials and Methods
2.1. Data Design

The initial sample size for the study was estimated according to method described by
Sim and Lewis [20] and established by general principle to be equal to around 55 patients.
Unfortunately, due to differences in regard to the positioning of the implant, being one of
the radiological outcome measures for the evaluation of a surgical treatment’s technical
effectiveness, it was only possible to gather 10 patients with implants positioned outside
Lewinnek’s safe zone within the set period of inquiry. Thus, it was decided to include a
sufficient number of patients with implants positioned within Lewinnek’s safe zone and
operated on within the same time period as the aforementioned group, to achieve the
established sample size and, in this way, to evaluate the possible ratio of patients with
implants outside and within the safe zone for future studies. Unfortunately, due to the
number of patients excluded from the study in line with the exclusion criteria, N = 54 was
the final number of patients included. Hedge’s g was used to estimate the effect size and
achieve the power of the tests. The flowchart of the population is in Figure 2.



Medicina 2024, 60, 772 4 of 14

Medicina 2024, 60, x FOR PEER REVIEW  4  of  15 
 

 

one of the radiological outcome measures for the evaluation of a surgical treatment’s tech-

nical effectiveness, it was only possible to gather 10 patients with implants positioned out-

side Lewinnek’s safe zone within the set period of inquiry. Thus, it was decided to include 

a sufficient number of patients with implants positioned within Lewinnek’s safe zone and 

operated on within the same time period as the aforementioned group, to achieve the es-

tablished sample size and, in this way, to evaluate the possible ratio of patients with im-

plants outside and within the safe zone for future studies. Unfortunately, due to the num-

ber of patients excluded from the study in line with the exclusion criteria, N = 54 was the 

final number of patients  included. Hedge’s g was used  to estimate  the effect  size and 

achieve the power of the tests. The flowchart of the population is in Figure 2. 

 

Figure 2. Study population flowchart. 

The  inclusion criteria were end-stage arthritis treated by total hip replacement, no 

backpain and no osteoarthritis of the sacroiliac and vertebral joints in the medical history. 

The exclusion criteria were 

 osteoarthritis of  the sacroiliac or vertebral  joints  in  the radiological examination—

due to their potential influence on hip joint mobility and pain; 

 a previous operation in the area of the hip—to exclude the impacts of previous oper-

ations on the hip, including potential restrictions and alterations in the range of mo-

tion; 

 no follow-up visits—due to a lack of data. 

The approval of the ethics committee of the Medical University of Warsaw was re-

ceived. 

2.2. Data Collection 

Before  the operation, patients were prepared  in  the standard manner with special 

attention to the physical examination, and the range of movement was measured using a 

goniometer as showed in Figure 3. The flexion, extension, abduction, adduction, external 

rotation and internal rotation in flexion were measured. 

Figure 2. Study population flowchart.

The inclusion criteria were end-stage arthritis treated by total hip replacement, no
backpain and no osteoarthritis of the sacroiliac and vertebral joints in the medical history.
The exclusion criteria were

• osteoarthritis of the sacroiliac or vertebral joints in the radiological examination—due
to their potential influence on hip joint mobility and pain;

• a previous operation in the area of the hip—to exclude the impacts of previous op-
erations on the hip, including potential restrictions and alterations in the range of
motion;

• no follow-up visits—due to a lack of data.

The approval of the ethics committee of the Medical University of Warsaw was received.

2.2. Data Collection

Before the operation, patients were prepared in the standard manner with special
attention to the physical examination, and the range of movement was measured using a
goniometer as showed in Figure 3. The flexion, extension, abduction, adduction, external
rotation and internal rotation in flexion were measured.

The HHS questionnaire was used to assess the overall functional outcomes before
and after the operation. The pain level was assessed on the VAS scale showed in Figure 4.
All patients were subjected to THA by a single high-volume surgeon who specialized in
arthroplasty (BM). Preoperative planning was performed by a surgeon a day before the
planned surgery. The physical examination was performed with special attention paid to
the assessment of the spinopelvic mobility and range of movement restrictions.

The procedure was performed on patients positioned laterally, through an anterolateral
approach, and the implants used were Taperloc/Fitmore with an Allofit shell (Zimmer
Biomet, Warsaw, IN, USA). Radigraphs were taken in the standard manner a day before
the operation, a day after the operation, 6 weeks after surgery and 6 months after surgery,
during standard follow-up visits. A careful radiological evaluation was performed to
exclude any signs of potential instability, including dislocation, malpositioning or loosening
of the endoprosthesis components, potential contact between the neck of the prosthesis and
the articular component and contact between the bony femur and bony pelvis [19]. The
measurement of the anteversion was performed using Lewinnek’s method, which provides
excellent reliability in comparison to other methods and CT [21].
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To calculate the acetabular anteversion, two measurements were taken: the long axis
and short axis of the cup ellipse shadow as presented in Figure 5. Then, the following
formula was used:
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The offset was measured on standardized radiographs of the pelvis as the sum of two
measurements as showed in Figure 6. The first was the distance from the anatomical axis
of the femur to the center of rotation in the implant’s head, which is widely known as the
femoral offset. Another measurement was performed starting from the center of rotation of
the implant to the vertical trans-teardrop line, which is named the acetabular offset. The
sum of both measurements was considered as the global offset: FO + AO = GO.
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2.3. Surgical Technique

The anterolateral approach was applied in the supine position. A longitudinal incision
was made in parallel to the femoral axis. The incision started at around 2 cm distal of the
greater trochanter and ended at approximately 3–4 cm proximal to the greater trochanter.
The exact length of the incision varied and depended on the anatomy of each patient. The
subcutaneous tissue was divided and the fascia was located and opened dorsally of the
M. tensor fasciae latae. After the blunt dissection of the gluteus medius fascia, an interval
between the anterior and medial portions (one third) was developed, and the anterior
portion of the muscle was carefully detached. In the next step, the joint was identified,
and a ventral capsule resection was performed. After this, the joint was dislocated and
the femoral neck visualized and resected according to the preoperative planning. The
acetabulum was carefully visualized using retractors and prepared for reaming. In the next
step, the acetabulum was reamed down to the planned depth, and the cup was implanted.
After this, the leg was rotated externally with adduction to properly visualize the proximal
part of the femur. The medullary canal was opened, and the femoral bone was prepared
with rasps to gradually reach the planned size. At the end, a trial reduction implant
was placed to check the muscle tension, stability and length of the leg. Finally, the trial
implant was removed and the determined stem and head were implanted. Part of the
gluteus medius was reattached to its insertion. The careful closure of other structures was
performed.

2.4. Statistical Analysis

A statistical analysis of the results from 54 patients was performed. For comparisons
between continuous variables, Student’s t-test or Mann–Whitney’s U-test was used, and,
for the assessment of the associations between continuous variables, either Pearson’s
correlation coefficient or Spearman’s correlation coefficient was used, according to the
normality of distribution, examined with the Shapiro–Wilk test. For categorical variables,
Fisher’s exact test was performed. For the comparison of the pain levels at defined points in
time between the groups, the Aligned Rank Transform was used and a two-way repeated-
measures ANOVA with Huynh–Feldt adjustment for within-subject effects was performed.
An α value of 0.05 was used to determine the statistical significance of all analyses.

All statistical analyses were conducted using the SAS software, Version 9.4 for Win-
dows (SAS Institute Inc., Cary, NC, USA).

3. Results

The analysis was performed on the medical histories of 54 consecutive patients who
met the criteria of the study. The patients included 23 males and 31 females. In 23 cases, the
operated limb was on the left side; in 31, it was on the right. The mean age of the patients
was 69.65 (±9.42) and the mean duration of symptoms was 2.51 (±1.64). Another feature
considered vital was the mean BMI, which was 28.53 (±3.61). Patients were examined
during regular outpatient visits at 2 weeks, 6 weeks, 3 months and 6 months postoperatively.

Two independent researchers analyzed the medical history preoperatively, from post-
operative visits and standardized radiographs, using professional software (Medixant.
RadiAnt DICOM Viewer [Software]. Version 2021.1. 27 June 2021).

Patients were divided into two groups according to Lewinnek’s safe zone, which is
between 5 and 25 degrees of cup anteversion. The characteristics of the two groups of
patients are presented in Table 1, which shows basic features including the age, sex, BMI
and duration of symptoms. The interobserver reliability was 0.871, which is considered a
high score.
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Table 1. Baseline characteristics of enrolled patients divided into two groups.

Feature In Lewinnek’s Safe Zone
N = 44

Outside Lewinnek’s Safe Zone
N = 10 p-Value

Age (years) 69.6 (±9.82) 69.9 (±7.88) 0.91
BMI 28.55 (±3.78) 28.41 (±2.09) 0.90

Duration of symptoms (years) 2.37 (±1.43) 3.13 (±2.37) 0.19
Inclination 40.33 (±7.02) 37.35 (±5.35) 0.22

Mean HHS score preoperatively 34.67 (±10.03) 39.99 (±13.06) 0.17
Mean HHS score postoperatively 91.16 (±12.02) 90.75 (±11.54) 0.45

The univariate analysis revealed no significant differences between the group with
anteversion within Lewinnek’s safe zone and the group with anteversion outside Lewin-
nek’s safe zone in regard to the mean HHS score preoperatively, 39.99 (±13.06) vs. 34.67
(±10.03), g = 0.53. power = 0.31, and the mean HHS score postoperatively, 90.75 (±11.54)
vs. 91.16 (±12.02), g = 0.04, power = 0.05, as shown in Table 1.

3.1. Distribution of Offset and Anteversion

The statistical analysis showed the distribution of the key parameters that were exam-
ined in the patients. The distributions of the cup anteversion, measured in degrees, and the
offset, which was measured in millimeters, are presented in Figure 7.
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3.2. Offset Change Regarding Anteversion

In the first step, an analysis was performed to exclude the association between the
anteversion and offset change.

There were no significant differences between the group with anteversion within
Lewinnek’s safe zone and the group with anteversion outside Lewinnek’s safe zone in
regard to the total offset (78.5 ± 12.4 vs. 74.0 ± 9.7, p = 0.8) and change in total offset
(−5.3 ± 10.7 vs. 0.56 ± 6.8, p = 0.1), as shown in Figure 8.
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3.3. Anteversion and Postoperative Results in HHS

There was no statistically significant difference between the groups in regard to the
preoperative and postoperative HHS and the change in the scores (p = 0.17, p = 0.45 and
p = 0.37, respectively), as presented in Figure 9
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Figure 9. Anteversion and HHS score change (for comparison between preoperative values, g = 0.53,
power = 0.31; postoperative values, g = 0.04, power = 0.05; and change in values, g = 0.315,
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3.4. Anteversion Impact on Pain

There was no difference in the pain level variance in the between-subject (p = 0.90),
within-subject (p = 0.96) and factor interaction analyses (p = 0.84). No cases of instability or
other complications occurred in the two groups. Pain levels presented in Figure 10.
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4. Discussion

It is well known that there are a number of factors that contribute to the postoperative
results in total hip replacement. The latest research shows the importance of a sagittal
pelvis imbalance, which could be addressed so as to avoid poor outcomes. It is one of the
leading factors contributing to worse functional results and postoperative instability, which
may be corrected during operation. Based on these data, it is possible to detect a group of
risk factors, including a higher sagittal vertical axis, a higher degree of pelvic incidence
minus lumbar lordosis and pelvic retroversion. Another group with a sagittally imbalanced
pelvis with anteversion may have a compensatory ability to correct the imbalance after
THA and avoid impingements and dislocations [6]. For a few years, our team has devoted
efforts to exploring the proper diagnosis of pelvic imbalance in order to optimally plan the
operation.

To prepare for an operation on a patient with a sagittal imbalance, the surgeon should
always consider alterations in the positioning of the acetabular cup, including inclination
and anteversion. Moreover, the usage of high-offset acetabular liners, high-offset femoral
stems and dual mobility articulations should be taken into account [22].

First, the factor that is always taken into consideration by our team is the offset.
Although it has been investigated, the impact of its alteration is yet not clear. Previously,
research showed the best results after THA in patients with restored or decreased offset [23],
which could be explained by the lower soft tissue tension and, in consequence, lower pain.
After examining the role of the abductor lever arm, it was concluded that we should aim to
restore or slightly increase the offset [24]. This statement seems to be true, because proper
tension in the muscles around the hip may result in superior functional results. A more
recent paper proved that a higher offset may lead to a better ROM [25]. A proper soft
tissue balance may not only contribute to ROM improvement but also may prevent, to
some extent, dislocation, which corresponds to other findings indicating that a high offset
may lead to a lower dislocation rate and greater ROM [26]. Moreover, a study observed
a gait improvement in patients with a higher offset [27], favoring the use of a high-offset
acetabular liner or high-offset stem.

As mentioned above, variations in offset are generally well tolerated by patients. Our
study seems to prove that good results can be obtained regardless of offset changes, but



Medicina 2024, 60, 772 11 of 14

it is important to identify the limitations of this. De Fine et al. show that increasing the
offset may not be beneficial, and the usage of modular implants is not indicated [28]. Dual-
modular stems were introduced in 1987, and, after initial optimism, a few complications
were noted, such as enhanced corrosion in some alloys and mechanical failures. In connec-
tion with the fact that there are no clearly stated biomechanical benefits of this implant,
its usage is restricted [29]. Other reports clearly show an increased revision rate in dual
mobility implants and significantly lower survival, being one of the essential parameters in
modern hip alloplasty. Despite the fact that modular stems could be a good option in the
case of severe deformities or hip dysplasia, they are rather avoided in primary THA [30].
Our team also support this statement, so the implants used in our research were not modu-
lar. In addition to this, lastly, there are studies showing that it is not only a modular implant
or greater-offset stem that may increase the offset. We should always take into account the
placement of the stem in a slightly varus position [31]. This point of view is supported
by other papers in which it is described that a standard stem and short stem provide the
same opportunity to restore the offset [32]. Preoperative planning can be made easier by
using different neck shaft angle stems, which also may restore the offset well without using
modular implants [33].

Another way to address problems of poor outcomes is to use dual mobility implants.
As is well known, these implants can offer a solution to recurrent instability, and, due
to their properties, they can be used in more difficult cases that need further operative
treatment after major complications following primary THA [34]. These implants are not the
standard choice for every surgeon, but new research shows that their survival outcomes are
acceptable in primary THA, so there is also the possibility to use them to prevent potential
complications [35]. Although the advantages of dual mobility implants are unquestionable,
orthopedic surgeons must be aware of the potential risks. In recent years, data have shown
that dual mobility implants may increase the risk of heterotopic ossification formation [36].
Moreover, researchers show that modular dual mobility implants can increase the risk
of adverse reactions to metal debris, which may also contribute to poor postoperative
results [37].

The last way to correct a sagittal imbalance is an alteration in the angular position
of the cup, including the main factor that was investigated during this research, which is
acetabular anteversion. It seems to have a vital role regarding spinopelvic alignment, and
the proper planning of this angle can prevent impingement and dislocation [38]. In the late
1970s, a “safe zone” was described by Lewinnek [12] and started to be used as a reference
range for many orthopedic surgeons. The latest research shows that this concept is not
completely true for every hip [11]. To address this problem, the new term of “functional
safe zone” has been introduced, which explains that planning an operation in the standard
manner can lead to problems, which could be avoided with a cup position change [38].
According to researchers Lewinnek’s safe zone, in some cases, does not guarantee safety, as
it was designed to be applied in a typical hip. In the case of altered spinopelvic alignment
or a pelvic imbalance, proper correction should be performed by a hip surgeon, who
may be forced to place the cup in a different range from that proposed by Lewinnek.
This is the reason for the increased interest in acetabular anteversion and cup placement
outside the safe zone [39]. Thus far, there are only few papers taking into account patients
outside Lewinnek’s “safe zone” [39,40]. Our research aims to give more insights into this
complicated area, highlighting the opportunity to investigate rare series of patient cases
with acetabular anteversion outside the safe zone.

For future research, the usage of navigation can also improve the results. In cases
where offset restoration is challenging, advanced techniques such as computer-assisted
navigation or patient-specific instrumentation can aid in achieving accurate cup positioning.
These technologies provide real-time feedback and assist the surgeon in optimizing the
implant placement [40], such as intraoperative radiography [41], but we should be cautious
when using 2D imaging [42,43].
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This study had several limitations. The first was the small group. Since setting
the anteversion outside the typical range is quite rare, major problems in the collection of
adequate groups occurred. Due to this fact, both patients with higher and lower anteversion
were included, with some potential differences in the biomechanical alterations after
surgery. Despite this, the group of patients was rather homogeneous, which provided good
conditions for the observation of the impact of anteversion alone. This problem may be
addressed in future studies by collecting data across a longer period of time, with sample
size calculations modified by the results presented in this study, e.g., according to the
method described by Sam and Lewis. It may also be possible then to show the potential
differences in clinical outcomes between patients with lower or higher values than expected.
The second limitation of the study was the restriction to a single surgeon. In this context, the
outcomes cannot be generalized and further research is needed. On the other hand, many
personal factors related to the surgeon, such as their handedness, skill and experience, etc.,
were excluded. The third limitation was the use of the angle measurement technique. As
the best method for anteversion measurement seems to be computed tomography or MRI,
the method applied in this study may be slightly less accurate.

5. Conclusions

The role of cup anteversion in total hip replacement is still being examined but seems
to be underestimated. In this paper, the authors stressed that it is possible to use a wider
range of cup anteversion than was previously widely accepted, without any negative
consequences for the postoperative function of the hip. According to results of this study, a
mild anteversion change does not seem to change significantly the functional result of the
operation, and it does not seem to change patients’ pain postoperatively.

This could help surgeons in planning the operation and shows that, even with some
offset changes implemented intraoperatively, the result of the operation can be satisfactory.
It may be helpful for surgeons to know the effect of the offset, especially when operating
on more difficult cases where offset restoration is not easy or sometimes not possible.
Sometimes, struggles to restore the offset impede the results and complicate the operation.
The results of this study show that the acceptance of some changes is not correlated with
inferior results, especially with regard to function and pain.

Thus far, the impact of an offset change is not fully understood. Although it is not a
vital parameter, it is still very important in total hip replacement. Since many findings are
inconclusive, further research is needed to fully understand its role.
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30. Fokter, S.K.; Noč, N.; Levašič, V.; Hanc, M.; Zajc, J. Dual-Modular Versus Single-Modular Stems for Primary Total Hip Arthroplasty:
A Long-Term Survival Analysis. Medicina 2023, 59, 290. [CrossRef] [PubMed] [PubMed Central]

31. Xu, J.; Pierrepont, J.; Madurawe, C.; Shimmin, A.; Bruce, W. The effect of varus stem placement on joint offset during total hip
arthroplasty: A virtual study. Hip Int. 2022, 32, 620–626. [CrossRef] [PubMed]

32. von Roth, P.; Perka, C.; Mayr, H.O.; Preininger, B.; Ziebula, F.; Matziolis, G.; Hube, R. Reproducibility of femoral offset following
short stem and straight stem total hip arthroplasty. Orthopedics 2014, 37, e678–e684. [CrossRef] [PubMed]

33. Fink, B.; Morgan, M.; Schuster, P. Reconstruction of the anatomy of the hip in total hip arthroplasty with two different kinds of
stems. BMC Musculoskelet. Disord. 2022, 23, 212. [CrossRef] [PubMed] [PubMed Central]

34. Neil Wheelton, A.; Myatt, D.; Helm, A.T. Outcomes for cemented dual mobility cup to treat recurrent instability; A UK case series.
J. Orthop. 2019, 16, 220–223. [CrossRef] [PubMed] [PubMed Central]

35. Gardner, A.; Macdonald, H.; Evans, J.T.; Sayers, A.; Whitehouse, M.R. Survivorship of the dual-mobility construct in elective
primary total hip replacement: A systematic review and meta-analysis including registry data. Arch. Orthop. Trauma Surg. 2023,
143, 5927–5934. [CrossRef] [PubMed] [PubMed Central]

36. Rashed, R.A.; Abdalaziz, A.; Veivenn, V.Y.; Tetali, S.R.; Choudry, Q.A.; Sloan, A.G.; Helm, A. Is dual mobility cup total hip
replacement associated with increased incidence of heterotopic ossification compared to conventional total hip replacements in
fracture neck of femur patients? Injury 2020, 51, 2676–2681. [CrossRef] [PubMed]

37. French, J.M.R.; Bramley, P.; Scattergood, S.; Sandiford, N.A. Adverse reaction to metal debris due to fretting corrosion between
the acetabular components of modular dual-mobility constructs in total hip replacement: A systematic review and meta-analysis.
EFORT Open Rev. 2021, 6, 343–353. [CrossRef] [PubMed] [PubMed Central]

38. Mancino, F.; Cacciola, G.; Di Matteo, V.; Perna, A.; Proietti, L.; Greenberg, A.; Ma, M.; Sculco, P.K.; Maccauro, G.; De Martino, I.
Surgical implications of the hip-spine relationship in total hip arthroplasty. Orthop. Rev. 2020, 12 (Suppl. S1), 8656. [CrossRef]
[PubMed] [PubMed Central]

39. Lazennec, J.Y.; Thauront, F.; Robbins, C.B.; Pour, A.E. Acetabular and Femoral Anteversions in Standing Position are Outside the
Proposed Safe Zone After Total Hip Arthroplasty. J. Arthroplast. 2017, 32, 3550–3556. [CrossRef] [PubMed]

40. Zheng, N.; Hu, X.; Dimitriou, D.; Dai, K.; Guo, T.; Tsai, T.Y. Well-Placed Acetabular Component Oriented Outside the Safe Zone
During Weight-Bearing Daily Activities. Front. Bioeng. Biotechnol. 2021, 9, 664907. [CrossRef] [PubMed] [PubMed Central]

41. Ellapparadja, P.; Mahajan, V.; Deakin, A.H.; Deep, K. Reproduction of Hip Offset and Leg Length in Navigated Total Hip
Arthroplasty: How Accurate Are We? J. Arthroplast. 2015, 30, 1002–1007. [CrossRef] [PubMed]

42. Debbi, E.M.; Rajaee, S.S.; Mayeda, B.F.; Penenberg, B.L. Determining and Achieving Target Limb Length and Offset in Total Hip
Arthroplasty Using Intraoperative Digital Radiography. J. Arthroplast. 2020, 35, 779–785. [CrossRef] [PubMed]

43. Lazennec, J.Y.; Brusson, A.; Dominique, F.; Rousseau, M.A.; Pour, A.E. Offset and anteversion reconstruction after cemented
and uncemented total hip arthroplasty: An evaluation with the low-dose EOS system comparing two- and three-dimensional
imaging. Int. Orthop. 2015, 39, 1259–1267. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.arth.2020.07.016
https://www.ncbi.nlm.nih.gov/pubmed/32741711
https://doi.org/10.3109/17453674.2014.889980
https://www.ncbi.nlm.nih.gov/pubmed/24564749
https://www.ncbi.nlm.nih.gov/pmc/PMC3967252
https://doi.org/10.1016/j.otsr.2016.12.013
https://www.ncbi.nlm.nih.gov/pubmed/28159679
https://doi.org/10.1080/17434440.2023.2264177
https://www.ncbi.nlm.nih.gov/pubmed/37753590
https://doi.org/10.3390/medicina59020290
https://www.ncbi.nlm.nih.gov/pubmed/36837491
https://www.ncbi.nlm.nih.gov/pmc/PMC9964070
https://doi.org/10.1177/1120700020978368
https://www.ncbi.nlm.nih.gov/pubmed/33269632
https://doi.org/10.3928/01477447-20140626-61
https://www.ncbi.nlm.nih.gov/pubmed/24992068
https://doi.org/10.1186/s12891-022-05152-9
https://www.ncbi.nlm.nih.gov/pubmed/35248014
https://www.ncbi.nlm.nih.gov/pmc/PMC8897939
https://doi.org/10.1016/j.jor.2019.02.025
https://www.ncbi.nlm.nih.gov/pubmed/30906127
https://www.ncbi.nlm.nih.gov/pmc/PMC6411649
https://doi.org/10.1007/s00402-023-04803-3
https://www.ncbi.nlm.nih.gov/pubmed/36799995
https://www.ncbi.nlm.nih.gov/pmc/PMC10449688
https://doi.org/10.1016/j.injury.2020.07.045
https://www.ncbi.nlm.nih.gov/pubmed/32723527
https://doi.org/10.1302/2058-5241.6.200146
https://www.ncbi.nlm.nih.gov/pubmed/34150328
https://www.ncbi.nlm.nih.gov/pmc/PMC8183148
https://doi.org/10.4081/or.2020.8656
https://www.ncbi.nlm.nih.gov/pubmed/32913592
https://www.ncbi.nlm.nih.gov/pmc/PMC7459374
https://doi.org/10.1016/j.arth.2017.06.023
https://www.ncbi.nlm.nih.gov/pubmed/28697862
https://doi.org/10.3389/fbioe.2021.664907
https://www.ncbi.nlm.nih.gov/pubmed/34178961
https://www.ncbi.nlm.nih.gov/pmc/PMC8222599
https://doi.org/10.1016/j.arth.2015.01.027
https://www.ncbi.nlm.nih.gov/pubmed/25677938
https://doi.org/10.1016/j.arth.2019.10.003
https://www.ncbi.nlm.nih.gov/pubmed/31699530
https://doi.org/10.1007/s00264-014-2616-3
https://www.ncbi.nlm.nih.gov/pubmed/25522799

	Introduction 
	Materials and Methods 
	Data Design 
	Data Collection 
	Surgical Technique 
	Statistical Analysis 

	Results 
	Distribution of Offset and Anteversion 
	Offset Change Regarding Anteversion 
	Anteversion and Postoperative Results in HHS 
	Anteversion Impact on Pain 

	Discussion 
	Conclusions 
	References

