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Abstract: Background/Objectives: Total hip arthroplasty (THA) planning is crucial for restoring hip
function and minimizing complications. The present systematic review and meta-analysis aimed to assess
and compare the accuracy of 2D versus 3D preoperative planning in THA. Methods: The inclusion criteria
were randomized controlled trials (RCTs) and observational studies (ROSs) published in English comparing
the accuracy of 2D and 3D preoperative planning for total hip arthroplasty. We excluded review articles,
registers, studies not written in English, studies that did not report the cup sizing accuracy or stem sizing
accuracy or give a description of the preoperative planning method used, and non-comparative studies. In
June 2024, following the PRISMA 2020 statement, a systematic review and a meta-analysis of the literature
were conducted in PubMed, Scopus, and the Cochrane Library. The statistical analysis software Review
Manager (RevMan) version 5.4 was used to perform the meta-analysis to compare the accuracy of 2D and
3D planning, and to assess the risk of bias, the ROBINS-I tool was used. Results: The analysis included
777 patients from six studies. The analysis showed that 3D planning offers superior precision compared
to 2D planning, both for the cup (96.92% vs. 87.14%) and the stem (94.72% vs. 86.28%). The forest
plots assessed a better trend for 3D planning in terms of exact size prediction and accuracy within
±1 size. Conclusions: The three-dimensional method was more precise and accurate than two-dimensional
planning, both for the stem and the cup. It offered a detailed three-dimensional view of the patient’s
anatomy. The main limitation was the challenge in finding homogeneous data regarding biomechanical
parameters, surgical approaches, and different planning systems for both three-dimensional and two-
dimensional methods.

Keywords: noninvasive surgery; prosthetic; preoperative planning

1. Introduction

Total hip arthroplasty (THA) is recognized as a very successful treatment for os-
teoarthritis in its advanced stages, with the potential to significantly raise patient sat-
isfaction and improve the functional results and their quality of life [1–3]. Total hip
arthroplasty aims to restore normal hip anatomy, biomechanics, and function by replac-
ing the femoral head, the acetabulum, and bearing surfaces [4–6]. A critical premise
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for hip arthroplasty surgery is performing a comprehensive evaluation in the decision-
making process. When discussing preoperative planning in THA, it is wrong to think
we are referring to the simple choice of the stem and cup size [7]. Planning is a complex
process that starts from the patient’s first visit and continues with a careful and system-
atic radiographic analysis of the patient [8,9]. Of primary importance is the study of
all anatomical–biomechanical parameters and the choice of the best-performing inter-
vention strategy for the patient, helping to predict the position, size, and biomechanical
parameters, in particular the femoral offset, and any operative difficulties [10,11]. An-
other primary goal in planning for hip arthroplasty surgery is restoring hip function
while minimizing complications [12–14]. The long-term success of THA depends on
decreasing the probability of problems such as dislocations, fractures, and limb length
differences [15,16]. Accurate preoperative planning is essential for efficient THA, mini-
mizing complications and technical and implant errors. Historically, preoperative plan-
ning has been based on two-dimensional (2D) templates, which estimated the implant
size and location using traditional or digital radiographs [17–19]. The modern software
program uses bidimensional pelvic X-rays with markers for digital planning [20–22].
It offers an option for appropriate stem and cup sizing for a patient’s anatomy [10].
Several studies have determined that digital planning is required before surgery [23].
According to the above and the vast literature on digital hip arthroplasty planning,
numerous biomechanical characteristics must be considered in the decision-making
process. These include limb length discrepancies, femoral offset, acetabular offset, and
hip rotation center, which should be examined during preoperative planning [11,24–26].
Two-dimensional (2D) radiographic imaging is the most widely used support in digital
planning today due to both its low cost and ease of use and the vast literature supporting
its reliability and reproducibility [18,23,27]. Two-dimensional (2D) digital planning is
performed on two-dimensional radiographs, with disadvantages in evaluating pathology
and three-dimensional biomechanical parameters. In today’s world, advanced imaging
techniques like computed tomography (CT) [28] and methods using two radiographs
(the EOS system) [28–30] are revolutionizing the planning process for total hip arthro-
plasty. These techniques help us overcome the limitations of simple radiographs and
show highly accurate and reproducible data for patients [31]. Three-dimensional (3D)
preoperative planning with computed tomography (CT) scans has undoubted advan-
tages over traditional planning based on two-dimensional radiographs [32–34]. Fur-
thermore, this method reduces mistakes and inaccurate magnification [35,36]. Three-
dimensional templating has several limits; some of the most important limitations are
the increased radiation exposure and costs. Numerous studies are still needed to de-
termine whether 3D planning enhances the long-term results compared to traditional
2D templating [37]. This review and meta-analysis aim to compare the accuracy and
precision of 2D and 3D preoperative planning in total hip arthroplasty (THA).

2. Materials and Methods

This study was conducted following the methodology described in the 2020 guidelines
of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [38]
(Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.

2.1. Eligibility Criteria

The studies included were randomized controlled trials (RCTs) and retrospective
or prospective studies written in English comparing 2D digital planning with 3D digital
planning. Specifically, studies had to compare the accuracy of stem sizing, cup sizing, and
stem offset prediction between the two planning modalities. Review articles, registers, and
studies not written in English were excluded. Additionally, studies that did not report
at least one of the following were excluded—accuracy of the cup sizing, accuracy of the
stem sizing, or a description of how the preoperative planning was performed—as were
non-comparative studies of the two methodologies. We also excluded studies that did not
compare the radiological outcomes of 2D and 3D planning. To be included, studies had to
clearly compare 2D and 3D planning techniques regarding their accuracy for both the stem
and the cup.

2.2. The Literature Search

This systematic review and meta-analysis collected data from studies focused on adult
patients undergoing total hip arthroplasty with preoperative planning in 2D or 3D. Two
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independent reviewers (F.R.P. and A.Z.) performed a literature search on July 30, 2024.
The following databases were comprehensively searched: PubMed, Scopus, and Cochrane
Library. Restrictions were applied to the search, considering only articles from 2000 to 2024.
A third reviewer (G.F.P.) oversaw the research process. Titles and abstracts extracted using
the previously reported search string were independently reviewed. Subsequently, the full
manuscript of studies that met the inclusion criteria was examined, and eligible studies
were definitively included.

2.3. Data Extraction and Collection

Two independent reviewers (F.R.P. and A.Z.) extracted the following data: the authors,
type of study, year of publication, level of evidence (LOE), and the number of patients, with
their gender, mean age, and body mass index. Regarding planning data, implant model
and brand, stem and cup planning, and the planning software used were the information
collected. In particular, implant planning accuracy for the cup and stem and accuracy of
the planning for the lateral femoral offset were collected for both groups.

2.4. Statistical Analysis

Review Manager (RevMan) software version 5.4 was used to conduct the meta-analysis.
Among the outcomes reported in all the comparative studies, cup and stem accuracy were
assessed as dichotomous outcomes with their odds ratios (ORs) and 95% confidence
intervals (CIs) using a random-effect model. The planning analysis was defined as exact
if the planned and implanted implants were the same size. The accuracy was evaluated
as the number of same-size implanted cups and stems or those ±1 size out of the total.
All continuous variables were analyzed using means ± standard deviation or medians or
interquartile ranges. The statistical significance of the results was fixed at p < 0.05.

2.5. Assessment of the Methodological Quality

Two independent reviewers (F.R.P. and G.F.P.) used the ROBINS-I tool to assess the
risk of bias for the observational studies included [39].

3. Results
3.1. Results of the Search

The literature research identified 919 articles. After the removal of duplicates,
632 articles were screened for their titles and abstracts. The full text of 41 articles was
read, and 35 were excluded for different reasons: artificial-intelligence-powered planning
(n = 5); hip resurfacing (n = 2); 2D planning not being considered (n = 6); 3D planning
not being considered (n = 14); and different outcomes or the accuracy not being specified
(n = 8). Ultimately, six articles were included in this review (Figure 1).

3.2. Included Studies

We included six studies: one randomized controlled trial (RCT), two randomized
prospective comparative randomized studies, and three retrospective observational studies
(ROSs). These studies compared the implanted size accuracy and the stem offset accuracy
between two groups of patients who underwent total hip arthroplasty according to two-
dimensional (2D) and three-dimensional (3D) preoperative planning. All the studies
analyzed occurred between 2018 and 2024.

3.3. Demographic Data

The study included 777 patients (52.97% male and 47.03% female). The mean age of the
patients was 63.01 ± 3.82 years. The BMI of the patients was 25.5 ± 2.56 Kg/m2 (Table 1).
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Table 1. Patient characteristics, demographic data, planning software used, and stem and cup size planning accuracy in the 3D and 2D groups.

Author Year Counry (n) Cup (n) Stem (n) Comparison Number Software
Age BMI

(Kg/m2)
Implanted Accuracy

Cup %
Implanted Accuracy

Stem %
Cup

Accuracy
Stem

Accuracy
Accuracy

Offset

Mean sd Mean sd Same ±1 ≥2 Same ±1 ≥2 Same ± 1 Same ± 1

Brenneis
et al. [40] 2020 Germany 51 51 51

2D Planning 28 TraumaCAD 63.5 27.7 60.7 28.6 10.7 35.7 50 14.3 89.3 85.7

3D Planning 23 HipEOS 60.2 27.8 43.5 56.5 0 34.8 56.5 8.7 100 91.3

Fontalis
et al. [41] 2024 UK 60 60 60

2D Planning 60 TraumaCAD
65 26.7

41.7 45 13.3 31.7 38.3 30 86.7 69.6 60

3D Planning 60 Mako (Stryker) 75 23.4 1.6 43.4 50 6.6 98.4 93.4 96.3

Crutcher
et al. [42] 2024 USA 290 290 255

2D Planning 290 - 39 46.5 14.5 52.9 41.6 5.5 85.5 94.5 82.3

3D Planning 290 Mako (Stryker) 99.7 0.3 0 63.1 33.3 3.6 100 96.9 100

Aubert et al.
[43] 2023 France 200 200 200

2D Planning 100 MediCad 66 21.8 56 38 6 69 29 2 94 98 89

3D Planning 100 3D OPSInsight 63 22.1 93 7 0 88 10 2 100 98 97

Sariali et al.
[44] 2012 France 60 60 60

2D Planning 30 Imagika 57.2 13 25.8 6.7 43 43

3D Planning 30 HipPlan 60 15 27.1 3.7 96 100

Schiffner
et al. [45] 2018 Germany 116 116 116

2D Planning 116 MediCad
69.2

44.8 35.4 19.8 45.7 37.9 16.3 80.2 83.6

3D Planning 116 3D ZedHip 56.9 29.3 13.8 58.6 35.4 6 86.2 94
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3.4. Implant Used

An analysis of the papers included revealed that several models of cups and stems
were used. Two studies used an Allofit cup (Zimmer) combined with a Zweymüller or
Avenir (Zimmer) stem; the other associations were Optymis (Mathys), Fitmore (Zimmer),
the SPP II anatomical stem (LINK), and the MIA stem (Smith & Nephew). Two studies
used a Trident II (Stryker) cup combined with an Accolade II stem (Stryker). One study
used a Dynacup (Corin) combined with a Meije stem (Corin). One study used a Delta cup
(Ceramtec) combined with quadrangular and modular stems, depending on the planning
technique used (2D or 3D).

3.5. Planning Software

Several planning software were investigated during the analysis. Two studies used
the two-dimensional TraumaCad (Brainlab, Chicago, IL, USA) software and MediCad
(Altdorf, Germany) software. Imagika (ViewTeck, Saint Maur, France) was used in only
one case, in another case the analysis software used was not specified. Concerning three-
dimensional digital planning, Mako planning software (Stryker Corp., Mako Surgical Corp.,
Ft. Lauderdale, FL, USA) was used in two studies, and HipEOS (Alphatec Holdings, Inc.,
Carlsbad, CA, USA) planning software was used in one study. The other three studies used
3D OPSInsight (Corin, Cirencester, UK), HipPlan (Symbios, Yverdon, Switzerland) and
3D ZedHip (Lexi, Japan) (Table 1).

3.6. Cup Accuracy

In the studies examined, the two-dimensional (2D) method planned the exact size
(the same size implanted) in 47.53% of cases; concerning the mean accuracy (the same size
implanted ± 1 size) of the 2D cup planning, this was 87.14% ± 5.06. The mean accuracy in
the three-dimensional (3D) digital cup planning was 77.35%, and the accuracy (same size
implanted ± 1 size) of 3D cup planning was 96.92% ± 6.03 (Table 1). The meta-analysis
showed that for both the exact analysis group and the accuracy (range ± 1 size) group,
higher-accuracy preoperative planning occurred with three-dimensional (3D) planning,
with statistical significance (OR = 0.13; 95% CI: 0.03 to 0.61; p = 0.00001; I2 = 93) (Figure 2)
(OR = 0.12; 95% CI: 0.02 to 0.78; p = 0.03; I2 = 76) (Figure 3).
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3.7. Stem Accuracy

In the present analysis, the two-dimensional (2D) method planned the exact size (the same
size of stem was implanted) with a mean of 46.33%; concerning the mean accuracy (same size
implanted ± 1) for 2D stem planning, this was 86.28% ± 11.07. The mean accuracy for three-
dimensional (3D) digital stem planning was 64.65%, and the accuracy (same size implanted± 1) of
3D stem planning was 94.72% ± 2.71. The meta-analysis, as in the case of the acetabular cups,
and the analysis of the accuracy of the stems showed data in favor of 3D planning (Table 1).
The meta-analysis of the results for the stem showed higher accuracy in three-dimensional
(3D) preoperative planning in terms of both the exact analysis (OR = 0.53, 95% CI: 0.34 to 0.83;
p = 0.04; I2 = 57) (Figure 4) and the accuracy (range ± 1) (OR = 0.41, 95% CI: 0.23 to 0.70;
p = 0.001; I2 = 10) (Figure 5), with statistical significance.
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3.8. Stem Offset Prediction

In the present study, we evaluated stem offset predictions with two-dimensional (2D)
and three-dimensional (3D) planning methods. The mean value in stem offset planning was
77.1% using the 2D method and 97.77% with the 3D method (Table 1). The meta-analysis,
as previously noted, showed higher accuracy in preoperative stem offset planning in the
three-dimensional (3D) group, with statistical significance (OR = 0.07; 95% CI: 0.01 to 0.39;
p = 0.002; I2 = 64) (Figure 6).
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3.9. Quality Assessment

All studies were assessed using the ROBINS-I tool (Table 2). Four studies were
evaluated as having a low risk of bias, and two studies had a moderate risk of bias
(Supplementary Materials).

Table 2. Risk of bias assessment evaluated with ROBINS-I.

STUDY RISK OF BIAS (ROBINS-I)
BRENNEIS (2020) [40] Low
FONTALIS (2024) [41] Low

CRUTCHER (2024) [42] Low
AUBERT (2023) [43] Moderate
SARIALI (2012) [44] Low

SCHIFFNER (2018) [45] Moderate

4. Discussion
4.1. Overview

This systematic review and meta-analysis found that three-dimensional digital plan-
ning is a valuable method in the planning process for hip arthroplasty surgery. The group
analyzed for which the three-dimensional method was employed to plan total hip arthro-
plasty demonstrated increased precision in both the exactness of the sizing and accuracy in
the range of one size compared to those for which two-dimensional digital planning was
used. In detail, this literature review and meta-analysis analyzed six comparative studies
of the two methods, highlighting how the procedure based on three-dimensional imaging
was found to be more accurate than that based on two-dimensional imaging in terms of
both femoral stem and cup planning and restoring one of the most critical biomechanical
parameters of the hip, the femoral offset.

4.2. Advantages of 3D Preoperative Planning

Three-dimensional digital planning has emerged as a method that guarantees essential
advantages due to its intrinsic potential compared to the traditional and more widespread
two-dimensional digital planning method [32]. These results overall are in line with the
results of the most recent systematic reviews and meta-analyses, such as that of Habeeb Bishi
et al. [46], where the accuracy of the two planning methods was evaluated considering both
comparative and non-comparative studies and digital and analog two-dimensional planning
methods were examined. All of this makes the preoperative decision-making process easier
by minimizing errors and the effect of external variables that commonly affect the reliability of
two-dimensional digital methods, such as poorly positioned landmarks, surgeons’ experience
in planning, spinopelvic alignment, and altered magnification [35,47,48].

CT is widely used for three-dimensional planning and post-operative evaluations, pro-
viding high accuracy in analyzing versions of femoral and acetabular components [49]. The
planning literature is vast and substantial [46,50–53]. In recent years, advanced imaging-
based planning methods such as CT have become increasingly important [54,55]. The
debate regarding its large-scale application is a topic of discussion at every meeting,
thanks to surgical applications such as robots, which base their strength precisely on
three-dimensional planning. The results of the current systematic review and meta-analysis
are important in describing the relationship between the two most used methods in this
panorama. It represents the first meta-analysis that has analyzed comparative studies.

4.3. Analysis of the Study

Analyzing the data from the meta-analysis (Figures 2–5) shows how the data have
evident statistical significance and favor three-dimensional digital planning in terms of all
the factors analyzed. The only exception found, which did not change the final result, was
the study by Brenneis et al. [40]. They reported that cup planning tended to be more precise
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with the two-dimensional method, even though the overall accuracy was better with the
three-dimensional methodology. These results can partly be explained by the fact that it is
the only one of the six studies analyzed that used the HipEOS planning system based on two
low-dose coplanar radiographs for three-dimensional planning. The literature supporting its
effectiveness is vast and almost comparable to that for other three-dimensional methods, such
as CT, as demonstrated by the studies by Buller et al. [56], Knafo et al. [57], and Anderson
et al. [58]. However, it represents a more modern method that has not been widely developed
yet or applied at a large scale. The study by Brenneis et al. [40]. is also the only one that
assessed two subcategories of stems: short and straight. They showed that three-dimensional
digital planning is more accurate than two-dimensional digital planning when planning a
short stem. This result can be explained considering that three-dimensional imaging methods
give more detailed anatomical information on the metaphyseal region, the main anchoring
region for a short stem [59]. Another interesting study considered in this meta-analysis
was that of Fontalis et al. [41], which reported results in favor of three-dimensional digital
planning in terms of exact and accurate planning in the range of one stem size and cup.
Different parameters were studied in addition to the accuracy of the planning of the various
components, such as the length of the legs, the position on the vertical and horizontal axes of
the center of rotation (COR), and the global offset of the implant compared to the contralateral
one. However, no statistically significant differences were found.

A sensitivity analysis evaluating the effect of different patterns of arthrosis, whether
medial or postero-superior, on the positioning of the acetabular cup was of particular
interest. The analysis of the subgroup of patients with medial arthrosis precisely defined
how the three-dimensional planning allowed the COR to be less medialized and a global
offset more like the contralateral one to be achieved. On the other hand, patients with
superior and lateral OA had the worst translation of the COR and an altered global offset.
These findings represent a tool for understanding and guiding two-dimensional planning.
Analyzing the data from James P. Crutcher et al. [42], Aubert et al. [43], and Fontalis
et al. [41], this meta-analysis showed that three-dimensional planning is a more precise
method for choosing the offset of the stem.

Examining this parameter, all three studies highlighted how planning of the femoral
stem neck offset using three-dimensional imaging was statistically significantly more ac-
curate than using the two-dimensional method. The evidence found in this systematic
literature review and meta-analysis also aligns with the results of studies that have only con-
sidered the three-dimensional planning method [32,46], showing the enormous technical
advantage of this method compared to the previous generation.

4.4. Challenges and Cost–Benefit Considerations

In clinical practice, concerning the superiority and use of these innovations, there is
always a point of conflict on topics such as the cost–benefit ratio of these methods and
the technical and ethical difficulties. If the superiority of these applications is increasingly
evident, it is also true that weak points, such as the high level of radiation and the non-
homogeneity of the existing protocols, are still present [37,55,60–62]. Interesting and
exemplifying are the findings of the working group of Angelika Ramush et al. [63], who
showed how there are currently 17 CT scanning protocols, each with their own field of
analysis of the pelvis and consequently differing amounts of radiation absorbed by the
patient and each with their own definition of their anatomical reference parameters, which
do not make the planning process homogeneous. As mentioned above, in addition to
the problems related to radiation, despite low-emission protocols, the debate regarding
the cost–benefit ratio of these methods based on advanced imaging is not of secondary
importance [64,65]. Over the years, cost–benefit analyses have highlighted how these plans,
although they are advantageous from a technical point of view, do not justify the high costs
they require in their application, especially in centers with low operating volumes. In this
scenario, a new method, the EOS system, was presented based on two X-rays. A system
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with evident low use of radiation allowed for an exact three-dimensional analysis of the
patient’s anatomy [28,56,57].

4.5. Future Directions and Limitations

Although it is easy to apply and involves low radiation emissions, this method is still
high-cost today due to its recent introduction and therefore narrow distribution. Despite
the improved accuracy demonstrated by the literature and its results, such as the present
meta-analysis and the ever-increasing application of robotic methods, three-dimensional
planning is not yet supported by concrete evidence that suggests its significant clinical
advantage. Artificial intelligence and large-scale data analysis applications could help in
these debated issues [66]. There is increasing scientific and academic evidence regarding
the ability of both machine learning and artificial intelligence systems to support the
preoperative planning decision process [67,68]. These new technologies may allow us to
apply two-dimensional imaging methods better in the future and, at the same time, help us
find solutions in robotic surgery and three-dimensional imaging that overcome the current
problems with their large-scale applicability. There are several limitations to this study.
One of its strengths, which is its analysis of comparative studies only, is also a limitation
due to the challenge in finding homogeneous data. Only six comparative studies were
included. Another limitation is the limited analysis of all the biomechanical parameters
considered during planning and the inclusion of different planning systems, both three-
dimensional and two-dimensional. Furthermore, another limitation is that planning and
surgery were performed by different surgeons, and the surgical approaches were not the
same in all the studies, and in some studies, they were not specified. These observations
are of extreme importance, particularly regarding 2D planning, which appears to be more
subject to inter-individual oscillations than 3D planning.

5. Conclusions

The present meta-analysis highlights the results of three-dimensional planning in
THA. The three-dimensional technique was more precise and accurate, and it allowed
for a complete analysis and view of the patient’s anatomy, overcoming the limits of the
two-dimensional method. Despite its technical benefits, debates persist about its costs–
benefits and the technical and ethical difficulties of its large-scale implementation. To justify
the widespread adoption of three-dimensional planning in primary hip arthroplasties,
further research is essential to demonstrate the clinical advantages resulting from its greater
precision concretely.
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