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Digital Planning Software Fails to Reflect Stem Torsion
on Plain Radiographs after Total Hip Arthroplasty

Digitale Planungssoftware ist nicht geeignet die Torsion
des Implantatschaftes nach endoprothetischem Hiiftersatz
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Zusammenfassung

v

Zielsetzung: Ziel dieser Studie war es die Validitat
einer kommerziell verfiigbaren Planungssoftware
zur Vermessung von zweidimensionalen Rontgen-
bildern, im Vergleich zu CT-Aufnahmen zu bestim-
men.

Patienten und Methoden: In einer sekunddren Ana-
lyse einer grof3en prospektiven, kontrollierten Stu-
die (DRKS00 000 739, Deutsches Register klinischer
Studien 02.05.2011), wurden anteriorposteriore
Hiiftiibersichtsaufnahmen und 3D-CT-Aufnahmen
einer Untergruppe von 121 Patienten, die einen en-
doprothetischen Hiiftersatz erhielten, untersucht.
Der Eingriff wurde iiber einen minimalinvasiven
Zugang, in Seitenlage, unter Verwendung eines
nichtzementierten, kegelférmigen Geradschaftes
durchgefiihrt. Zur Messung der Schafttorsion ver-
wendeten wir eine digitale Planungssoftware
(TraumaCad 2.0, BrainLAB Feldkirchen, Deutsch-
land). Die Messungen wurden von zwei unabhdngi-
gen Untersuchern durchgefiihrt und nach sechs
Wochen wiederholt. Die Ergebnisse wurden mit
3D-CT-Messungen eines unabhdngigen, verblinde-
ten, externen Instituts verglichen. Die Untersu-
chung wurde durch die ansdssige Ethikkommission
(Nr.10-121-0263) genehmigt.

Ergebinsse: Die Messungen der Rontgenbilder
zeigten eine sehr hohe Ubereinstimmung, sowohl
zwischen den Untersuchern, als auch zwischen
den Erst- und Zweitmessungen der einzelnen Un-
tersucher. Die Intra-Klassen-Korrelation der Erst-
und Zweitmessungen lag bei 0,97 fiir Untersucher
1 und bei 0,98 fiir Untersucher 2. Die Zuverlassig-
keit der Messungen zwischen beiden Untersuchern
lag bei 0,99 bzgl. der Durchschnittswerte beider
Messungen. Die mittlere Abweichung zwischen
den Durchschnittswerten der Messungen auf den
Rontgenbildern und den 3D-CT Messungen lag bei
0,41° (SA 11,24°) (Messbereich -33,85°-22,50°;
95 % limits of agreement -21,63 - 22,45), allerdings

Abstract

v

Purpose: The purpose of this study was to evalu-
ate the validity of commercially available plan-
ning software on plain radiographs after THA
compared to CT scans as the gold standard.
Patients and Methods: In a prospective clinical
study, anteroposterior (AP) radiographs and
three-dimensional CT scans (3D-CT) were obtain-
ed for 121 patients, who underwent minimally
invasive, cementless THA with a straight tapered
stem, in a lateral decubitus position. For measur-
ing SV, we used digital planning software (Trau-
macCad 2.0, BrainLAB Feldkirchen, Germany). Two
independent raters repeated the analysis after a
six-week interval. Radiological measurements
were compared with 3D-CT measurements by an
independent, blinded external institute. This in-
vestigation was approved by the local ethics com-
mission (no.10-121-0263) and is a secondary
analysis of a larger project (DRKS00 000 739, Ger-
man Clinical Trials Register May-02 -2011).
Results: The radiograph measurements showed
very high intra- and interrater agreement. The in-
tra-class correlation (ICC) of the intrarater agree-
ment was 0.97 for rater 1 and 0.98 for rater 2. The
intrarater reliability was 0.99 using the mean val-
ues of both rater measurements. The mean differ-
ence between the average radiograph measure-
ment and the 3D-CT-based measurement was
0.41° (SD 11.24°) (range: -33.85°-22.50°; 95%
limits of agreement: -21.63 -22.45), but there
was no correlation found between both methods.
Conclusion: Measuring stem version with the help
of commercially available digital planning soft-
ware on plain radiographs after THA has high in-
tra- and interrater reliability but clinically inac-
ceptable validity and reliability when compared
to 3D-CT scans.
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konnte keine Korrelation zwischen beiden Methoden nachgewie-

sen werden.

Schlussfolgerung: Die Vermessung der Schafttorsion mit einer

kommerziell verfiigharen, digitalen Planungssoftware auf zwei-

dimensionalen Rontgenbildern, nach endoprothetischem Hiifter-

satz, zeigt trotz guter Reproduzierbarkeit, eine klinisch inakzep-

table Ungenauigkeit verglichen mit 3D-CT-Aufnahmen.

Kernaussagen:

P Die Vermessung der Schafttorsion auf zweidimensionalen Ront-
genbildern mit digitaler Planungssoftware ist nicht valide.

Key Points:

P Measuring stem torsion after THA on plain radiographs with
digital planning software is not valid.

Citation Format:

» Worlicek M, Weber M, Zeman F et al. Digital Planning Software
Fails to Reflect Stem Torsion on Plain Radiographs after Total
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Introduction

v

Primary total hip arthroplasty (THA) is one of the most performed
orthopedic operations worldwide [1]. However, inaccurate place-
ment of the femoral and acetabular components in THA can lead
to dislocation, decreased range of motion (ROM), periprosthetic
or bony impingement and component wear [2 - 6]. If a complica-
tion in THA appears, it is necessary to detect the reason and
whether wrong component placement could be responsible.
Therefore, the surgeon is able to resolve the problem selectively.
The easiest way would be to analyze standard radiographs. Pre-
vious studies showed that version of acetabular component can
be measured on single anteroposterior (AP) radiographs with ac-
curate results considering the measuring method for daily clinical
use [7-9]. The stem version can be evaluated using the so-called
“Budin method”, a validated protocol for the radiological measure-
ment of stem version [10]. A limitation of this method is the need
for a special radiological image, which leads to additional radiation
and expense. Another problem regarding exact assessment of the
femoral component is its variation in the final position. Sendtner
etal. found a range from -19° retroversion to 33° anteversion in ce-
mentless THA, which is in accordance with the results of Wines et
al., who showed a range from -15°-52°[11, 12]. Weber et al. devel-
oped a new mathematical formula for measuring stem version
using the projected prosthetic neck-shaft angle (NSA) on AP radio-
graphs and compared the results with three-dimensional CT scans
(3D-CT) [13]. The authors found a high reliability and validity in
the evaluation of the stem version in cementless THA, considering
the limitation that this method cannot differentiate between ante-
version and retroversion.

Today there are several software programs that are used for pre-
operative planning in THA and total knee arthroplasty (TKA).
Some of these programs offer the possibility of postoperative
component measuring in AP radiographs. This can be relevant
considering claims of recourse of unsatisfied patients. However,
to the best of our knowledge, no study has been reported about
the validity of these programs with respect to measuring the
stem version (SV) after THA.

This retrospective secondary analysis out of a large prospective
study aimed to investigate the objectivity, reliability and validity
of measuring stem version with the help of commercially avail-
able planning software on plain radiographs after THA when
compared to CT scans as the gold standard.

Patients and Methods

v

In the course of a registered, prospective controlled trial
(DRKS00000739, German Clinical Trials Register), hip radio-
graphs in two planes (AP and axial) and 3D-CT scans were obtain-

ed for patients who underwent minimally invasive THA. This in-
vestigation was approved by the local ethics committee (no. 10 -
121-0263). All procedures were in accordance with the ethical
standards of the responsible committee on human experimenta-
tion and with the Helsinki Declaration of 1975, as revised in
2000. The current study is a secondary analysis of a larger project
[14].

The primary outcome of this larger study was to assess whether
the ROM of the prosthetic joint could be improved by computer-
assisted functional optimization of the position and containment
of the acetabular component.

For this study AP radiographs of 121 patients out of the whole
study collective were analyzed. Characteristics of the study group
are shown in © Table 1. The patients were chosen by random. All
THAs were performed by four orthopedic surgeons (JG, ES, MW5,
TR) from Regensburg University Medical Center. Each surgeon
had experience with >200 fluoroscopy and navigation-con-
trolled THAs. Press-fit acetabular components, uncemented hy-
droxyapatite-coated femoral components (Pinnacle acetabular
component, Corail femoral component (both DePuy, Warsaw, In-
diana), neutral polyethylene liners and metal heads with a diam-
eter of 32 mm were used in all patients.

All operations were performed in the lateral decubitus position
through a minimally invasive, modified Smith-Petersen approach
(MicroHip®) [15]. Six week after surgery, full weight-bearing
standing radiographs of the whole pelvis AP and the operated
hip axial were taken (MULTIX TOP ACSS; Siemens, Erlangen, Ger-
many). The radiographers made sure that the pelvis was set par-
allel to the plane of the film without rotation or flexion of the hip
joint and the leg was placed in a neutral position, with the patella
pointing forward disregarding the foot progression angle in the
event of a tibial version. All radiographs were to be taken under
these standardized conditions (focus-film distance 115cm,
75kV, automatic exposure). During the same visit a CT scan was
obtained from the pelvis down to the femoral condyles (Soma-
tom Sensation 16; Siemens, Erlangen, Germany).

The radiological SV was measured with the help of the “semi-au-
tomatic” function of digital planning software (TraumaCad 2.0,
BrainLAB Feldkirchen, Germany). For this purpose, an exact circle
has to be drawn around the femoral head to assess its center.
Then the axes of the component neck and the axis of the stem
have to be determined. The angle between these axes is regarded
as the neck-shaft angle measured automatically by the software
or manually with a 4-point middle line. Both anteversion and ret-
roversion around the axis of the femur cause the projected neck-
shaft to appear increased (© Fig.1). The true NSA of the stem is
known to be 135° and its difference to the vertical axis of the im-
plant (180°) is 45°. This means the higher the version of the stem,
the higher the projection-based increase of the NSA. The soft-
ware promises to recognize the difference between the neck-
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Fig. 1 Radiographic assessment of stem version (26°) calculated auto-
matically by the software, the 45° are the difference between the true
neck-shaft angle of 135° of the implant and the vertical stem axis (180°).

Abb.1 Vermessung der Schafttorsion (26°), automatisch errechnet durch
die Software, die 45° sind die Differenz zwischen dem wahren Hals-Schaft-
winkel von 135° und der vertikalen Schaftachse (180°).

Table1 Characteristics of the study group.’

Tab.1 Charakterisitka des Studienkollektivs.

n=121
gender (female) (%) 66(55)
age (yrs) 62.7 (SD 0.6)
BMI (kg/m2) 27.0(SD 4.1)
treatment side (right) (%) 67 (55)
femoral component size (IQR) 11(2)
femoral component geometry (%) Std 60 (49.5). HO 61 (51.5)
OP time (min) 71.4(12.5)
kellgren (IQR) 8(1)
length of incision (cm) (SD) 10.4(1.3)

BMI: body mass index; HO: high-offset stem; Std: standard stem; IQR: interquartile

range.

' For categorical data, values are given as relative and absolute frequencies; for quan-
titative data, values are given as mean with SD in parentheses.

shaft angle and the projection-based angle and converts it into
the degree of version of the stem. The software is not able to dif-
ferentiate between anteversion and retroversion. For that reason
the second clinical standard plane (axial) has to be consulted. All
radiological measurements were performed by two independent
examiners (MW, MS), who repeated the measurements after a
six-week interval. The raters were blinded to the 3D-CT values
as well as to each other’s results. In addition, 3D-CT assessment
of prosthetic stem version was obtained by an independent,
blinded external institute (MeVis Medical Solutions, Bremen,
Germany), as described by Sendtner et al. [11]. Correlation was
characterized as poor (0.00-0.20); fair (0.21-0.40); moderate
(0.41-0.60); good (0.61 -0.80) or excellent (0.81-1.00) [16]. As
the generally accepted range of stem anteversion is between 10°
and 20°, we defined a tolerance limit of 5° compared with 3D-CT
as clinically acceptable [17].

Musculoskeletal System

Statistical methods

Statistical analyses were performed with IBM SPSS Statistics®
23.0 (SPSS Inc., Chicago, IL, USA) and R version 3.2.1. Data are
presented as mean, standard deviation and range. The accuracy
of the radiographs was assessed using Bland-Altman plots and
clinical evaluation. Bland-Altman plots illustrate the accuracy of
the radiograph measurements compared to the 3D-CT-based
measurement (gold standard) by plotting the gold standard on
the x-axis and the difference of both measurements on the y-
axis. The dashed lines in the graph represent the 95 % limits of
agreement (mean *1.96 SD). Intra- and inter-rater agreement
(precision) was assessed by the intraclass correlation coefficient
(ICC) and graphically by scatter plots and standard Bland-Altman
plots (i.e., the x-axis shows the average of both measurements).

Results

v

Precision

The radiograph measurements showed very high intra- and in-
terrater agreement. The ICC of the intrarater agreement was
0.97 for rater 1 and 0.98 for rater 2 (© Fig.2). The interrater relia-
bility was 0.99 using the mean values of both rater measure-
ments. The 95 % limits of agreement range between -7.4 and 6.6
for the intrarater agreement and between -6.9 and 6.2 for the in-
terrater agreement. The mean difference is close to null in both
cases (C Fig.2).

Accuracy

Due to the excellent intra- and interrater agreement, we used the
mean value of the four measurements for the Bland-Altman plot.
The mean difference between the average radiograph measurement
and the 3D-CT-based measurement was 0.41° (SD 11.24°) (range: -
33.85°-22.50%; 95% limits of agreement: -21.63 - 22.45) (© Fig.3).
In all, 43/121 (36 %) of the radiological measurements of prosthetic
SV were within a tolerance limit of 5° compared with 3D-CT.

The Bland-Altman plot shows that there was no systematic error
of the radiograph measurements. © Table2 summarizes the
measurements on plain radiographs performed by the two raters
and by 3D-CT.

Discussion

v

Malpositioning of components in THA leads to pain, reduced
range of motion and early instability [2-5, 18]. So far, CT has
been the gold standard for postoperative assessment of THA
components because of its high accuracy and reliability [10, 19].
Today several software programs promise the ability to measure
SV on standard AP radiographs. We aimed to investigate the ob-
jectivity, reliability and validity of measuring stem version with
the help of commercially available planning software on plain
radiographs after THA compared to CT scans as the gold standard.
We found excellent intra- and interrater reliability of the soft-
ware. The raters even had the same outliers in both their meas-
urements compared to 3D-CT.

In regard to the software’s reliability and validity, the mean pros-
thetic version of the stem measured by both raters was close to
the mean version measured by 3D-CT but without correlation be-
tween the two techniques. Reasons for inaccuracy could be dif-
ferences in picking landmarks, ignorance of the femoral tilt, the
angular difference between the long axis of the femoral stem
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Rater 1 - Intrarater Agreement

Rater 1 - Intrarater Agreement

Fig.2 The Scatterplots and Bland-Altman plots
show a high precision within both measurements
of both observers and between both observers
(anteversion (°)).

3s,

2 : .p.",‘i- " Abb.2 Die Scatterplots und die Bland-Altman-
T i@ - ""-l' < Plots zeigen die hohe Prdzision beider Messungen
g | BOER = 9 der Untersucher und zwischen den Messungen der

= . - . beiden Untersuchern (Antetorsion (°)).

T ~ v

2 o ? .n *

' .. i T -

20 o 20 40 20 10 [ 10 20 30 40
Rater 1. M1 Average of M1 and M2

Rater 2 - Intrarater Agreement

Rater 2 - Intrarater Agreement

2 . 4
o 2
3 .:, - 2 -
2 5, - I VI S M— . _.c _____________ 57
ok i . .
. = A ”
5 e, = . . e
E - 1 Pl B 2 s 8 = " e - . 03
: | - . .e - - e
Ef. = P . ' - . - . .-o a.: -
g *at ; P PR D N |
T [ L R i i e s ~
20 10 o 0 20 a0 40 20 10 o 10 20 a0 40
Rater 2, M1 Average of M1 and M2
Interrater Agreement Interrater Agreement
= % .-’ : _____ T Sy T g :_ ________________ 62
8 % L) = - N . _
z 8 B i R ik 5% SRS A S
| I I | $4 O I D . T P
: - 5&'.". qu‘ P MO LN -'. .l
E L  madihad § ? - s - ' - 2
‘.:?' » .. . i o s w1 :_._‘_._0. l.._._..__‘ﬁ-‘_
.- ? .
145 *
-20 =10 o 10 20 30 40 ' -20 =10 '] 10 20 30 40
Rater 1 {mean) Average of Rater 1 and Rater 2
rater 1 rater 1 rater 2 rater 2 average average average 3D-CT Table2 Durchschnittswerte der
M1 M2 M1 M2 rater 1 rater 2 raters Messungen beider Untersucher
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SD =standard deviation, M =measurement, ICC = intraclass correlation coefficient.

and the mechanical axis on a sagittal radiograph. That difference
is due to the fact that the stem of the prosthesis follows the nat-
ural anterior bow of the proximal femur [20]. In summary, we
found high reliability but no validity for the use of digital plan-
ning software for measuring SV after THA. Nevertheless, we think
the software can be a useful tool for a first approximate determi-
nation of major rotational errors of the femoral component in a
painful hip after THA.

There are several limitations when measuring SV with the help of
digital planning software on plain radiographs. First, software is
not able to differentiate between anteversion and retroversion.
Therefore, a second axial radiograph is needed to distinguish be-
tween the two. Second, we found the handling of the software it-

self challenging. Nevertheless, we found excellent intra- and inter-
rater reliability. The exact determination of the axis of the neck and
the stem is prone to error, because it must be done by hand so
landmark selection is inaccurate. Even minimal changes of the po-
sition of one axis lead to a high change of the value of SV. A more
accurate way for determination of the axes could be to draw con-
centric circles into the neck and the stem and use their midpoints
as orientation for the axes as described by Weber et al. [21]. Third,
the software bases its measurements on the known NSA. A factor
that has a high influence on the NSA is the position of the patient.
This means any internal or external rotation of the leg and any ex-
tension or flexion of the hip can lead to a misinterpretation of the
degree of the stem version. To avoid that impact, a rigorously
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Fig.3 The Bland-Altman plot shows the mean difference between the
average of the measurements of both observers and 3D-CT measurements of
stem torsion. The straight line represents the mean value of all differences
between the pair of measurements and the dashed lines above and below
represent 95 % limits of agreement (anteversion (°)).

Abb.3 Der Bland-Altman-Plot zeigt die mittlere Abweichung zwischen
den Durchschnittswerten der Messungen beider Untersucher und der 3D-
CT-Messung der Schafttorsion. Die gerade Linie reprdsentiert den Mittel-
wert der Differenzwerte der beiden Messungen und die gestrichelten
Linien begrenzen das 95 % Ubereinstimmungsintervall (Antetorsion(°)).

standardized radiological technique as used by us in the study pro-
tocol is essential to ensure exact positioning of the patient and to
minimalize projection errors [22]. Furthermore, the quality of the
radiograph is very important. Although our measurements were
obtained under optimized conditions following a strict protocol,
the radiological image in two cases was inadequate. So there might
be another limitation for the method in clinical practice. A differ-
ent option for measuring SV after THA on plain radiographs is the
“Budin method”. In short, this method uses a posteroanterior
radiograph of the hip in 90° flexion and 30° abduction and with
90° flexion of the knee [10]. Lee et al. found a high correlation be-
tween the radiological and CT measurements (r=0.88, p<0.001)
with excellent intra- (0.94) and interrater reliability (0.93) [10].
Another accurate method for the assessment of SV is to use a math-
ematical formula, which puts the projected NSA of the stem on
plain AP radiographs in relation to the true NSA of the implant.
This method was described by Weber et al. and was valid compar-
ed to 3D-CT (r=0.88, p<0.001) [13].

Conclusion

v

In conclusion, measuring stem version with the help of commer-
cially available digital planning software on plain radiographs after
THA has high intra- and interrater reliability but clinically inaccep-
table validity and reliability when compared to 3D-CT scans.

Musculoskeletal System
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