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Abstract Objective The present study aims to assess the reproducibility of digital planning for
cementless total hip arthroplasty (THA) among surgeonswith different levels of experience.
In addition, it attempts to determine the degree of planning reliability based on a
contralateral THA or on a spherical marker positioned at the greater trochanter for
calibration.
Methods Two evaluators with different experience levels (A1 and A2) performed
independently the retrospective digital surgical planning of 64 cementless THAs. Next,
we compared the planning with the implants used in the surgery. The reproducibility
was excellent when planning and implants were identical; proper in case of a single-unit
variation; and inappropriate if there was variation in two or more units. The present
analysis also determined the calibration accuracy between the contralateral THA and
the spherical marker at the greater trochanter level.
Results The present study demonstrated greater success when the most experienced
evaluator performed the planning and greater accuracy for the contralateral THA.
When splitting the analysis per parameter (contralateral THA or spherical marker),
there was a statistical difference only for the planning of A1 and the implants used in
the surgery. This difference occurred in the excellent category, with 67.3% for
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Introduction

Total hip arthroplasty (THA) improves the quality of life of
the patient by eliminating joint pain and restoring indepen-
dence for basic activities of daily living.1 This positive out-
come is a direct result of the durability of the surgery, which
involves adequate component positioning and functional
rehabilitation.2–4

The hip surgeon controls the proper positioning and
choice of implant sizes during the procedure, and planning
these factors leads to optimal outcomes.2–4 Therefore, pre-
operative planning contributes to a successful surgery and
benefits both experienced and novice surgeons.

Digital radiographs are increasingly common in large
hospitals and clinics. Hip surgeons must adapt to this change
and improve digital planning with the help of software.5

Some available software allow hip surgeons to calibrate
the planning on digital radiographs with different magnifi-
cations. In addition, after choosing the implants, they auto-
matically provide the offset value and the lengthening or
shortening of the affected limb.6

During training, daily experience, repetition, and study
are critical factors for the evolution of an orthopedist,
probably preventing surgical complications.

The present study aims to evaluate the reproducibility of
digital planning incementlessTHAandtocompare itaccording
to the experience levels of a hip orthopedist and a physician
undergoing hip specialization. In addition, the study proposes
to compare the reliabilityof thisplanningbasedon themethod
of software calibration, that is, the contralateral THA or a
spherical marker positioned at the greater trochanter.

Materials and Methods

The Research Committee of our institution approved the
present project.

Two evaluators (A1, a hip specialist, and A2, a physician
undergoing hip specialization) performed independently the
retrospective surgical planning of 64 cementless THAs with
no complications during a minimum follow-up period of 2
years. Patient selection occurred after an active search of
medical records from the postoperative list of the institution.

How inclusion criteria, from the electronic medical
records, we selected hip radiographs in an anteroposterior
(AP) view in horizontal dorsal decubituswith the lower limbs
in an internal rotation of � 15° and the midline incident ray
just above the pubic symphysis.7 Among the selected

contralateral THA compared with 30.6% for a spherical marker (p< 0.001), and in the
inappropriate category, with 7.1% for contralateral THA compared with 30.6% for a
spherical marker (p< 0.001).
Conclusions Digital planning is more accurate when performed by an experienced
evaluator. The contralateral prosthesis head was a better reference than a marker on
the greater trochanter.

Resumo Objetivo Avaliar a reprodutibilidade do planejamento digital da artroplastia total de
quadril (ATQ) sem cimento entre cirurgiões com diferentes níveis de experiência e o
grau de confiabilidade no planejamento baseado na ATQ contralateral com o método
de marcador esférico posicionado ao nível do trocanter maior.
Método Dois avaliadores com níveis de experiência diferentes (A1 e A2) realizaram de
forma independente o planejamento digital operatório retrospectivo de 64 ATQs sem
cimento. O planejamento foi comparado com os implantes utilizados na cirurgia, sendo
classificados como: excelentes, quando idênticos; adequados, quando houve variação
de uma unidade; e inadequados, quando ocorreu variação de duas ou mais unidades.
Na presente análise, também foi avaliada a acurácia do parâmetro de calibragem entre
a ATQ contralateral comparada com o marcador esférico ao nível do trocanter maior.
Resultados O estudo demonstrou maior êxito no planejamento quando realizado pelo
avaliador mais experiente, com maior acurácia na ATQ contralateral. Ao fragmentar a
análise de acordo com o parâmetro utilizado (ATQ contralateral ou marcador esférico),
houvediferençaestatística apenasnacomparaçãodoplanejamentodoavaliadorA1comos
implantes utilizados na cirurgia. Esta diferença ocorreu na classificação excelente com
67,3% em ATQ contralateral como parâmetro contra 30,6% com marcador esférico
(p<0,001) e inadequado de 7,1% contra 30,6%, respectivamente (p<0,001).
Conclusões A acurácia do planejamento digital é mais precisa quando realizada por
um avaliador experiente e a utilização da cabeça de prótese contralateral como
referência se mostrou superior à utilização de um marcador no trocanter maior.
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patients, those with a spherical marker at the greater tro-
chanter level or with a contralateral THAwith ametallic head
of known size remained in the study.

The radiograph with a spherical marker is standardized at
this institute using a tripod with a 28-mm metallic head
(►Figure 1). A team of radiology technicians trained to
position the sphere at the level of the greater trochanter is
responsible for this test.

Arthroplasties with intraoperative complications (loss of
bone stock, intraoperative fracture, instability) or requiring a
revision within 2 years because of implant-related compli-
cations according to the medical records were used like
exclusion criteria.

We also excluded from the study patients with no prop-
erly performed radiograph and incorrect positioned spheri-
cal marker.

The evaluators planned the size of the following compo-
nents: the acetabular cup, the femoral stem, and the femoral
neck. This analysis was performed with preoperative radio-
graphs using the TraumaCad software and selecting the
Targos Femoral Stem, MBA Acetabular Cup, and 28-mm
metallic head implants from Groupe Lépine (►Figure 2).

Stem and cup sizes vary from 1 to 1 and 2 to 2, respec-
tively, and there are 3 neck sizes: - 3.5, 0, 3.5, and 7. So, if the
comparison of A1 with surgery or A2 with surgery was
identical, planning was excellent. Planning was proper in
the case of 1 unit of variation and inappropriate in the case of
� 2 units of variation.

Software calibration used a 28-mm diameter metallic
head with positioned at the greater trochanter level or the
metallic head of known size from the contralateral THA.

The evaluators had no access to postoperative information
during planning. We compared planning data with the
implants used in the surgeries.

The equality of two proportions test determined planning
reproducibility using either the contralateral THA or the
spherical marker as parameters.

The equality of two proportions test defines whether the
proportion of responses to two given variables, their levels,
or both are statistically significant. In addition, we used the
Wilcoxon test, which is nonparametric, to compare variables
and detect differences between evaluators and calibration
parameters.We also calculated the Kappa concordance index
to measure the degree of agreement between two variables,
results, or both. The significance level was set at 0.05% with a
95% confidence interval (CI).

The statistical analysis employed IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, NY, USA), Minitab
16(Minitab Inc., StateCollege,PA,USA),andMicrosoftOfficeExcel
2010 (Microsoft Corporation, Redmond, WA, USA) software.

Fig. 1 (A and B) Metallic sphere positioning at the greater trochanter level of a patient in a horizontal supine position. (C) Tripod with a 28-mm
metallic sphere.

Fig. 2 Digital planning.
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Results

The study of the 64 radiographs revealed that the most
experienced evaluator was better at planning and that accura-
cy was higher when using the contralateral THA as a
parameter.

The sample had a homogeneous gender distribution, with
53.1% of women and 46.9% of men (p¼0.480). However, the
parameter distribution was heterogeneous, with a statisti-
cally significant majority of contralateral THAs (81.3%) com-
pared with the spherical marker (18.8%; p<0.001)
(►Table 1).

Initially, the total and per parameter (contralateral THA or
spherical marker) analysis using the equality of two propor-
tions test unified all implants (stem, cup, and neck).

►Table 2 shows the findings from each classification (ex-
cellent, proper, and inappropriate) according to the parameter
used for planning and to the evaluator. In all parameters, the
proper classification showed no difference between evalua-
tors. The digital planning performed by A1 (expert) was
excellent in 60.4% of the radiographs, compared with 26.0%
for A2 (novice). This difference is statistically significant
(p<0.001) (►Table 3). The classification was inappropriate
in 11.5% of the cases analyzed by A1 and in 39.6% of those
assessed by A2 (p<0.001), a statistically significant finding.

When fragmenting the analysis according to the parameter
(contralateral THAor sphericalmarker), only the excellent and
inappropriate plannings of A1 had statistical differences.Most
excellent plannings (67.3%) used the contralateral THA as a
parametercomparedwith30.6%employinga sphericalmarker

(p<0.001). For inappropriate plannings, 7.1% used the contra-
lateral THA, and 30.6% employed a spherical marker
(p<0.001). The plannings of A2 showed no statistically signif-
icant differences in the fragmented assessment.

The isolate analysis (►Table 4) of each implant (stem, cup,
and neck) revealed a statistically significant difference
(p<0.001) (►Table 5) for neck and cupwith the contralateral
THA as parameter. In addition, A1 was superior in plannings
deemed excellent (76.9 and 67.3% for neck and cup, respec-
tively) compared with A2 (28.8 and 23.1%, respectively). The
stem analysis showed no statistical difference. Other isolated
comparisons of implants with a spherical marker as a
parameter revealed no statistical difference between
evaluators.

Discussion

Digital or conventional surgical planning is the initial step
toward a surgical approach and a postoperative period with
fewer potential issues.2 However, inadequate magnification
cangive thesurgeona falsesenseof security. Thus,whendigital
planning is available, the presence of a sphericalmarkerwith a
known size allows circumventing improper magnification.

Positioning the spherical marker at the greater trochanter
level is an adequate method5 and a reproducible option for
many cases.

However, the present study demonstrated that planning
is more dependable using a contralateral THA than a
spherical marker. Even an expert (A1) performed more
excellent plannings when using a contralateral THA

Table 2 Planning classification distribution according to neck, stem, and cup

Excellent Proper Inappropriate

n % n % n %

Contralateral THA Surgery – Expert (A1) 105 67.3% 40 25.6% 11 7.1%

Surgery – Novice (A2) 44 28.2% 50 32.1% 62 39.7%

Novice – Expert (B) 51 32.7% 55 35.3% 50 32.1%

Head, 28-mm Surgery – Expert (A1) 11 30.6% 14 38.9% 11 30.6%

Surgery – Novice (A2) 6 16.7% 16 44.4% 14 38.9%

Novice – Expert (B) 13 36.1% 7 19.4% 16 44.4%

All Surgery – Expert (A1) 116 60.4% 54 28.1% 22 11.5%

Surgery – Novice (A2) 50 26.0% 66 34.4% 76 39.6%

Novice – Expert (B) 64 33.3% 62 32.3% 66 34.4%

Abbreviation: THA, total hip arthroplasty.

Table 1 Gender and parameter distribution

n % p-value

Gender Female 34 53.1% 0.480

Male 30 46.9%

Parameter Contralateral THA 52 81.3% < 0.001

Spherical marker 12 18.8%

Abbreviation: THA, total hip arthroplasty.
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(67.3%) instead of a spherical marker (30.6%). In addition,
A1 had fewer inappropriate plannings when using the
contralateral THA (30.6%) instead of the spherical marker
(7.1%) (►Table 2).

Analyzing the excellence in planning for each implant, the
quality of stem selection is similar. A1 was superior when
choosing necks and cups, demonstrating that expertise helps
selecting implants with many variables to consider for ideal
planning. For instance, the cup requires considering the
height of the tear, not exceeding the Kohler line, the correct
angulation, and the percentage of cup coverage. This is also

true when the influence of other improperly planned
implants is greater, as in the case of the neck.

Evenwith reliable parameters, such as contralateral THA, the
indexesbetweenexcellent, proper, and inappropriateplannings
were statistically similar. Thus, for a novice surgeon, training in
digital planning and the presence of a more experienced
colleague are essential for the success of the surgery.

Moreover, we need to improve spherical marker position-
ing methods. This improvement could increase the spherical
marker reproducibility to levels statistically closer to those
obtained with the contralateral THA.

Table 4 Planning classification distribution of neck, stem, and cup according to parameter

Excellent Proper Inappropriate

n % n % n %

Contralateral THA Neck Surgery – Expert (A) 40 76.90% 10 19.20% 2 3.80%

Surgery – Novice (B) 15 28.80% 13 25.00% 24 46.20%

Novice – Expert (C) 14 26.90% 18 34.60% 20 38.50%

Stem Surgery – Expert (A) 30 57.70% 15 28.80% 7 13.50%

Surgery – Novice (B) 17 32.70% 18 34.60% 17 32.70%

Novice – Expert (C) 22 42.30% 16 30.80% 14 26.90%

Cup Surgery – Expert (A) 35 67.30% 15 28.80% 2 3.80%

Surgery – Novice (B) 12 23.10% 19 36.50% 21 40.40%

Novice – Expert (C) 15 28.80% 21 40.40% 16 30.80%

Spherical marker Neck Surgery – Expert (A) 7 58.30% 5 41.70% 0 0.00%

Surgery – Novice (B) 3 25.00% 6 50.00% 3 25.00%

Novice – Expert (C) 4 33.30% 3 25.00% 5 41.70%

Stem Surgery – Expert (A) 2 16.70% 4 33.30% 6 50.00%

Surgery – Novice (B) 1 8.30% 6 50.00% 5 41.70%

Novice – Expert (C) 6 50.00% 1 8.30% 5 41.70%

Cup Surgery – Expert (A) 2 16.70% 5 41.70% 5 41.70%

Surgery – Novice (B) 2 16.70% 4 33.30% 6 50.00%

Novice – Expert (C) 3 25.00% 3 25.00% 6 50.00%

Abbreviation: THA, total hip arthroplasty.

Table 3 P-values of comparisons between relationships

Excellent Proper Inappropriate

Contralateral THA A1-A2 < 0.001 0.211 < 0.001

A1-B < 0.001 0.065 < 0.001

A2-B 0.389 0.549 0.157

Head, 28mm A1-A2 0.165 0.633 0.458

A1-B 0.617 0.070 0.224

A2-B 0.061 0.023 0.633

All A1-A2 < 0.001 0.186 < 0.001

A1-B < 0.001 0.374 < 0.001

A2-B 0.118 0.665 0.290

Abbreviation: THA, total hip arthroplasty.
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Conclusion

Our study showed that digital planning is more accurate
when performed by an experienced evaluator. The contralat-
eral prosthesis head was a better reference than a marker
placed on the greater trochanter.

Therefore, hip specialists in training must constantly
repeat the main points of a well-performed radiograph,
including with a correctly positioned spherical marker; in
addition, the supervision of hip specialists during all surgical
stages is paramount.

Lastly, even the most experienced specialist must always
perform the preoperative planning as a principle.
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