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Abstract

Background Three-dimensional computed-tomography (3D-CT) planning for primary Total Hip Arthroplasty (THA)
typically uses the external femoral surface; as a result, it is difficult to predict the prosthetic femoral version (PFV)

for uncemented femoral stems that press-fit to the internal surface of the bone. Cemented fixation allows the sur-
geon to adjust the version independent of the internal femoral anatomy. We aimed to better understand the effect
of the fixation type on PFV.

Methods This was a case series study including a total of 95 consecutive patients (106 hips), who underwent
uncemented (n=81 hips) and cemented (n =25 hips) primary THA using the posterior approach. The surgeon aimed
for a PFV of 20°. Our primary objective was to compare PFV in both groups; our secondary objective was to evaluate
the clinical outcomes.

Results The mean (+SD) PFV was 13° (+9°) and 23° (+8°) for the uncemented and cemented THA groups (P<0.001),
respectively. In the uncemented THA group, 36% of the patients had a PFV of < 10°. In the cemented THA group,
this clinically important threshold dropped to 8%. Similarly, the Bland—Altman (BA) plots showed wider 95% limits

of agreement for the uncemented group. Satisfactory clinical outcomes were recorded.

Conclusion We found that the PFV was more clinically acceptable, for the posterior surgical approach,
in the cemented group when compared to the uncemented group. Both THA groups reported high variability indi-
cating the need to develop surgical tools to guide the PFV closer to the surgical target.
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Background

Previous computed-tomography (CT) studies have
reported a high variability of prosthetic femoral version
(PFV) in primary total hip arthroplasty (THA), rang-
ing from —17° to 72° [1-13]. The accuracy in measuring
version angles using Two-Dimensional (2D) cross-sec-
tional CT images is lower when compared to Three-
Dimensional (3D)-CT model-based measurements
[14-16]. Existing literature has highlighted a lower dis-
crepancy between 3D-CT and dry bone measurements
than using single 2D cross-sectional scans, conclud-
ing that the 3D-CT method is the virtual equivalent
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of the reference standard (dry bone measurements)
[14]. Studies using 3D-CT analysis have highlighted
an increased incidence of prosthetic femoral retrover-
sion and a wide range of PFV (—23° to 43°) [16-26]
(Table 1).

Table 1 CT-measured PFV in previous studies

The PFV of an uncemented femoral stem is partly dic-
tated by the stem design and the highly variable internal
morphology of the proximal femur [27]. Consequently,
the final stem position is a compromise of best-fitting a
straight stem down to the proximal femur, leaving the

Ref N CT/3DCT Uncem./Cem Stem Design PFV (Mean+SD,Range) RAS/Nav SA co
[Deg]

Suh [2] 33 cT Uncem Straight Non-Anatomic 18+6 (3-28) No P NA
Versus Fibre Metal Taper
(Zimmer)

Wines [3] 1M CT Uncem./Cem 29 C.Ted (Smith 17211 (=15t045) No 80P/31L 0% Dis
and Nephew)/75 C. Less
(Synergy)/7 Other Design

Reikeras [4] 91 cT Uncem Straight Stem (Corail, 23+12 (=17 to 60) No 40 L/51 P 0% Dis., 0% Rev
Depuy)

Nakashima [5] 111 CT Uncem Straight Metaphyseal Fit-Fill 34 +11 (9-60) No p 0% Dis
(Kyocera)

Hirata [6] 73 CT Uncem Straight Metaphyseal Fit-Fill 35+ 11 (9-60) No p 0% Dis
(Kyocera)

Fujishiro [7] 1411 CT Uncem Straight Stem 40£11(0-72) No P Na

Hirata [8] 122 CT Uncem Straight Metaphyseal Fit-Fill 38+ 11 (14-63) No p 0% Dis
(Kyocera)

Fujishiro [9] 1555 CT NA NA 40+12 No P 3.2% Dis

Okada [10] 81 cT Uncem Taper Wedge (Accolade ll,  27+5(17-39) Yes AL 0% Dis
Stryker)

Jackson [11] 29 cT Uncem Straight Stem (Corail, 22+11 Yes A NA
Depuy)

Hochreiter [12] 12 cT Uncem 6 Calcar-Guided Short Calcar-Guided: 23+5.5/ No AL NA
Stems /6 Straight Stems Conv.:14+7

Imai [13] 65 cT Uncem Straight Metaphyseal Fit-Fill  32+10 (12-58) Yes L 0% Dis
(Kyocera)

Dorr [17] 47 3DCT Uncem Anatomic Porous (APR; 11+8(-=9to 27) Yes p NA
Zimmer)

Sariali [18] 223 3DCT Uncem SPS-Modular (Symbios) 27+14 No 183 AL/ 40P NA

Sendtner [19] 60 3DCT Uncem Straight Stem (Corail, 6+11(=19t033) No A NA
Depuy)

Kiernan [20] 60 3DCT Cem ScanHip System (Biomet) 20 (1-43) No P 1% Rev

Inoue [21] 65 3DCT Uncem Short Fit-Fill Anatomical 1949 (-2t0 39) No p NA
Stem -Aps Natural-Hip
System (Zimmer)

Park [16] 19 3DCT Uncem Collarless Tapered Wedge 1949 (0-34) Yes P NA
Stem (Linear Stem; DJO
Global)

Dimitriou [22] 19 3DCT Uncem Collarless Tapered Wedge  11+13 (—23to0 33) No p NA
Stem (Linear Stem; DJO
Global)

Weber [23] 123 3DCT Uncem Straight Stem (Corail, 8+10(—191to 38) No AL NA
Depuy)

Hayashi [24] 44 3DCT Uncem Tri-Lock Bps Stem (Depuy)  31+10 No AL NA

Nodzo [25] 20 3DCT Uncem Restoris Femoral Stem 9+6 Yes P 0% Dis
(Stryker)

Belzunce [26] 30 3DCT Uncem Straight-Tapered (Quadra- ~ 14+10 (=5 to0 39) No P 3% Dis
H, Medacta)

Cem. Cemented, Uncem. Uncemented, RAS robotic-assisted surgery, Nav navigation, SA surgical approach, CO clinical outcome, NA not available/not applicable, A

anterior, P posterior, L lateral, AL anterolateral, Dis dislocation, Rev revision



Moralidou et al. Journal of Orthopaedic Surgery and Research

surgeon with minimal control over the PFV [23, 28, 29].
Contrastingly, in cemented femoral stems, the surgeon
can intra-operatively adjust the version of the femoral
stem to a desired position within the variable thickness of
the cement mantle [17, 30, 31].

Suboptimal placement of the femoral stem with regards
to its version is associated with the biomechanical insta-
bility of the reconstructed hip joint [20, 32, 33]. Impinge-
ment has been reported common in uncemented femoral
stems with a PFV of <5° [30], and a low PFV is associated
with increased dislocation rate via the posterior approach
[9, 27]. Furthermore, a revision rate of 40% has been
reported among stems with a PFV of <10° [20].

Considering the lower revision and dislocation rates
that have been reported in the cemented femoral stems
when compared to the uncemented femoral stems [34—
36] and the relationship between the PFV and potential
adverse clinical effects, we aimed to better understand
the effect of the fixation type on PFV. Our primary
objective was to measure the PFV in uncemented and
cemented THA. Our secondary objective was to meas-
ure clinical outcomes. Our hypothesis was that cemented
fixation, using a collarless double-tapered femoral stem,
offers greater control of PFV than uncemented straight
femoral stems.

Materials and methods

Study design

This was a retrospective study including 95 patients (106
hips) who underwent primary THA between February
2017 and June 2021 due to osteoarthritis. We divided the
patients into two groups based on the stem fixation tech-
nique adopted, uncemented and cemented (Table 2). The
surgery was performed through a posterior approach by
a single consultant orthopaedic surgeon who specialises
in hip arthroplasty.

A single hemispheric press-fit Hydroxyapatite (HA)
coated cup was used in both groups, two stem designs
were used, straight-tapered in the uncemented and col-
larless double-tapered in the cemented group.

Table 2 Study group characteristics

Uncemented Cemented P value
group (n=81 group (n=25
hips) hips)
Gender (females) (%) 40 (49) 14 (56) 0.57
Age (years) (median, 62 (32-86) 64 (42-89) 0.45
range)
Treatment side (right) (%) 42 (52) 17 (68) 0.16
NFV (deg) (median, 14° (7-20°) 14°(10-18°) 0.87

range)
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The outcome measures were as follows:

1. PFV angles.
2. Cup version angles
3. Clinical outcomes.

Pre-operative radiology and 3D software planning
All patients underwent pre-operative CT scanning of
the hip region and the knee joint according to a stand-
ard protocol. A PS femoral neck osteotomy guide was
designed, using the pre-operative CT data. In addition,
3D pre-operative planning was performed to establish
the optimal acetabular and femoral implant size and
position (MyHip, Medacta International SA, Castel San
Pietro, Switzerland). During the operation, the surgeon
aimed for a PFV of 20°.

3D-CT models of the pre-operative femurs were gener-
ated to measure NFV using Simpleware ScanlP software
(Version 2021.03; Synopsys, Inc., Mountain View, USA)
[16].

Surgical approach
All surgeries were performed through a posterior
approach by a single consultant orthopaedic surgeon.

Prosthetic components

In the uncemented THA group, a straight-tapered fem-
oral stem was used (Quadra-H; Medacta International
SA, Castel San Pietro, Switzerland); in the cemented
THA group, a collarless double-tapered femoral stem
(X-Acta system; Medacta International SA, Castel San
Pietro, Switzerland) was used. A hemispheric press-
fit Hydroxyapatite (HA) coated cup was used for both
groups (Mpact system; Medacta International SA, Castel
San Pietro, Switzerland).

Patient-specific instrumentation (PSI)

During the surgery, a PS femoral neck osteotomy guide
was used to perform the osteotomy. The guide was
3D-printed to fit the contours of the femoral head-neck
junction. During the surgery, the sterilised PS cutting
jig was positioned on the femoral head-neck junction
and two pins secured its position. The surgeon then per-
formed the osteotomy with the oscillating saw blade flush
on the surface of the guide. The femoral neck osteotomy
plane was defined as a plane inclined by 45° to the long
axis of the proximal femur.

Post-operative radiology

All patients underwent post-operative CT scanning of
the hip region and the knee joint that was done accord-
ing to a standard protocol. Post-operative evaluation took
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place; number of fractures and dislocations was recorded.
Oxford hip score (OHS) of cases reporting complications
was recorded. 3D models of the post-operative femurs
and prosthetic components were generated, using Sim-
pleware ScanIP software (Version 2021.03; Synopsys,
Inc., Mountain View, USA). PFV angles were measured,
to assess the impact of the fixation method on the PFV.

Prosthetic femoral version (PFV) and acetabular cup
version

Post-operative PFV was measured, as the angle between
the axis of the neck of the femoral stem and the posterior
condylar axis (PCA) projected on a plane perpendicular
to the mechanical axis of the reconstructed femur (femo-
ral stem) (Fig. 1) [19]. The stem neck axis was defined as
the line connecting the centre of the head with the top
mark of the stem [26].

Post-operative acetabular cup version was measured
in the radiographic definition using the anterior pelvic
plane (APP) [37, 38]. The cup plane was computed as the
best-fitted plane based on 10 points chosen on the cup
rim.

Reproducibility and reliability analysis

We measured the reproducibility of our CT measure-
ment method using intra and interobserver analysis. For
the intraobserver analysis, the same user measured PFV
twice for 30 randomly selected cases, while for the inter-
observer analysis, a second user ran the test twice for 20
randomly selected cases.

Mechanical Axis

Fig. 1 lllustration of the coordinate system used to measure the PFV
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Measurements of PFV were also obtained using an
independent commercially available software (ZedHip,
LEXI Co, Ltd, Tokyo, Japan).

Statistical analysis

SPSS software was used to perform the statistical analysis
(version 28, SPSS, Chicago, USA). The Shapiro—Wilk test
was used to evaluate the normality of the data in both
groups and Mann—Whitney U test was implemented to
evaluate differences between the two groups with regard
to the study group characteristics. The median and inter-
quartile range (IQR) were estimated for NFV angles. The
mean, median, IQR and standard deviation (SD) were
estimated for PFV angles. We compared the NFV and
PFV for each case using a Bland—Altman (BA) plot.

The data describing the PFV angles were of different
sample size and variance. Therefore, we performed the
Welch’s test to assess if the mean values of PFV in both
THA groups were statistically different.

For the reproducibility and reliability analysis, mean
and SD of differences between the measurements of the
same and different users were reported. Intraclass corre-
lation coefficient (ICC) was obtained for both intra- and
interobserver reliability.

Results

Discrepancy between NFV and PFV of individual cases

in both THA groups

A BA plot of the discrepancy between NFV and PFV
showed a mean discrepancy of —1° and 10° of version for

PFV projected and
measured on AV plane
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the uncemented and cemented groups, respectively. Fur-
thermore, the uncemented THA cases had 95% limits of
agreement between — 17 and 15°. This was wider than the
cemented THA cases, where the 95% limits of agreement
were —2 and 22.5° (Fig. 2).

PFV in uncemented and cemented THA

The uncemented THA had a mean (+SD) and median
(IQR) PFV of 13° (£9°) and 13° (8-17°), respectively.
The cemented THA group had mean (+ SD) and median
(IQR) PFV of 23° (+8°) and 24° (18-28°), respectively. We
found a statistically significant difference between the
mean values of PFV in the uncemented and cemented
THA groups (P<0.001) (Fig. 3).

In the uncemented THA group, PFV measurements
ranged from -18° retroversion to 33° anteversion. Five
patients in the uncemented THA group had retroverted
PFV. Four of these patients had a PFV of —5°+1° and one
had a PFV of — 18°. The NFV of these patients was 17°, 1°,
3°,2°and —13°, respectively. In addition, the absolute dif-
ference between the PFV and NFV was 21°, 6°, 9°, 8° and
5°, respectively.

In the cemented THA group, PFV values were ranged
between 5° and 34°. There were no retroverted femoral
stems in this group.

In the uncemented THA group, a PFV of between 5°
and 10° and between 10° and 15° was reported in 16% and
25% of the femoral stems, respectively. Twenty-one per
cent (21%) of the uncemented femoral stems had a PFV
of between 15° and 20° and 7% had a PFV of between 20°
and 25°. Finally, 11% of the uncemented femoral stems
were anteverted of between 25° and 35° and 20% were
anteverted of less than 5° (Fig. 4).

(2023) 18:948
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Fig. 3 Box plotillustrating the PFV in the uncemented and cemented
THA groups (*P<0.001)

Concerning the distribution of PFV in the cemented
THA group, 8% of the femoral stems reported a PFV
between 5° and 10° and between 10° and 15°. A PFV
of between 15° and 20° and between 20° and 25° was
reported in 16% and 20% of the cemented femoral stems,
respectively. Forty-eight per cent (48%) of the cemented
femoral stems were anteverted more than 25° (Fig. 4).

Acetabular cup version in uncemented and cemented THA
The uncemented THA had a mean (+SD) and median
(IQR) acetabular cup version of 23° (+8°) and 23° (17—
28°), respectively. The cemented THA group had mean
(+SD) and median (IQR) acetabular cup version of 26°
(+7°) and 25° (20-30°), respectively.
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Fig. 2 BA plot of the comparison between NFV and PFV of individual cases in (A) the uncemented THA group and (B) the cemented THA group



Moralidou et al. Journal of Orthopaedic Surgery and Research

m Uncemented Fixation

20
18
16
14

0to5 5to10 10to 15

(2023) 18:948

Page 6 of 10

m Cemented Fixation

Ellllllll

15 to 20 20 to 25 25 to 30

Bins of Anteversion Degrees

Fig. 4 Distribution of PFV in uncemented and cemented THA groups

Reproducibility and reliability analysis
We achieved excellent intraobserver repeatability and
interobserver reproducibility in PFV. In any case, the
ICC was more than 0.99, while the mean (+ SD) differ-
ence between the same and different raters was 0.01 £ 1°
and — 0.4 £ 2°, respectively.

The mean (+ SD) difference of PFV measured by the
external software (ZedHip, LEXI Co, Ltd, Tokyo, Japan)
and our method was —1+2°.

Clinical outcomes

The median follow-up time was 45 and 21 months for
the uncemented and cemented series, respectively. Sat-
isfactory clinical outcome was recorded without any
intra-operative fracture and post-operative implant
loosening. Two dislocations were reported in the unce-
mented THA group: one as a result of deep hip flex-
ion and one during yoga (child’s pose), 5 weeks and
12 months after the surgical procedure, respectively.
Treatment included one closed reduction procedure
with no further surgeries up to 48 months post-oper-
atively. There was no recurrence of the dislocation and
the OHS was 48/48 for both cases at 1 year post-oper-
atively. The NFV for the two dislocated cases was 18°
and 8°, respectively. Post-surgery, both cases reported
a PFV of 9°, while the absolute difference between the
PFV and NFV for these cases were 9° and 1°, respec-
tively. In addition, the acetabular cup version was 29°
and 8°, while the combined version (CV) was 38° and
17°, respectively.

Discussion

This was the first study to assess the impact of the fixation
method on the PFV (the achieved version of the femoral
stem) using 3D-CT image analysis. We found that PFV
in the cemented THA group was higher when compared
to the uncemented THA group (P<0.001). In the unce-
mented THA group, 36% of the patients reported a PFV
of <10°, with 5 patients having a retroverted PFV. This
percentage dropped to 8% in the cemented THA group.
There were not any retroverted femoral stems in the
cemented THA group.

Table 1 includes all the studies assessing the PFV using
CT scans or 3D-CT analysis. High variability of PFV has
been reported, ranging from —23° to 72°. In this study,
the PFV of an uncemented straight-tapered femoral stem
ranged between —18° and 33°.

Previous literature addressing the effect of the fixa-
tion method on PFV using Magnetic Resonance Imaging
(MRI) scans reported a lower PFV in cemented femo-
ral stems when compared to the findings of the present
study (13 +8° vs. 23 £ 8° in our study) [39]. They declared
2.3% of retroverted cemented femoral stems and 11.8%
of retroverted uncemented femoral stems. In our study,
there were no retroverted femoral stems in the cemented
THA group, but there were 6% of retroverted unce-
mented femoral stems. The difference may be explained
by the different designs of the femoral stems used.

The findings of this study are consistent with the
increased surgeon control of the position of cemented
femoral stem designs and highlight that by intra-oper-
atively adjusting the PFV, using the malleable nature
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of the cement mantle, the surgeons can avoid deliver-
ing a retroverted or insufficient PFV. This information
is clinically relevant, considering the importance of an
adequate PFV to eliminate undesirable events like dis-
location or impingement in primary THA [9, 30, 36].

It is true that not only cemented femoral stems can
offer intra-operative control of the femoral stem posi-
tion. Uncemented femoral stems featuring modular
necks allow modularity of the femoral stem neck in
various configurations of PFV [18]. These components,
however, have been linked to a risk of mechanical fail-
ure [40]. In contrast, the excellent implant survivorship
reported for the cemented femoral stem designs [41]
indicates that the cemented fixation is a safe alternative
to deliver an adequate PFV in primary THA.

For straight, uncemented femoral stems, the femoral
implant is tightly press-fitted into the bone to achieve
the so-called best-fit position within the medullary
canal of the proximal femur, leaving the surgeon with
minimal control over the PFV [29]. For this reason,
Dorr et al. [17] have emphasised the importance of
delivering a CV (the sum of the acetabular and femo-
ral version angles) between 25° and 50° to avoid dislo-
cation in primary uncemented THA. In this context,
when pre-operative planning indicates the risk of a sub-
optimal PFV due to either an excessive or retroverted
patient’s NFV, surgeons can consider adjusting the cup
version to compensate for an abnormal PFV, using the
approach of the femur first technique [42].

However, despite its importance for avoiding dislo-
cation [5, 17], the concept of a CV within the optimal
range does not guarantee an optimal version for the
individual prosthetic components (e.g., a case with a
PFV of —10° and a cup version of 40°). Recent studies
have highlighted that focusing solely on the cup version
to define a universal safe optimum for hip motion is not
sufficient [43], and even when the generally accepted
optimal range of CV is achieved, dislocations are not
infrequent [44].

Current commercial planning solutions cannot pre-
dict the PFV of a straight uncemented femoral stem.
Despite the high accuracy of 3D pre-operative planning
in predicting implant size [45, 46], with the potential to
minimise implant inventory [47], the surgical plan does
not always deliver the targeted PFV in uncemented THA.
PFV demonstrates an increased variability, ranging from
—19° of retroversion to 33° of anteversion [19]. This
information implies the need to develop novel designs
of intra-operative measuring tools that could potentially
measure the version of the femoral broach. Surgeons
could then classify the cases where uncemented fixation
could not deliver an adequate PFV and choose cemented
femoral stem designs instead.

(2023) 18:948
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Nevertheless, the greater adjustability that a cemented
femoral stem may offer did not seem to lower the SD of
the PFV in the cemented THA group. Intra-operative
adjustment of PFV using the cement mantle is subjected
to the surgeon’s perspective. Intra-operatively guiding
the PFV of a cemented femoral stem, using either robotic
tools or 3D-printed customised surgical guides, may be
considered beneficial.

Particular emphasis should be given to femoral broach-
ing and the implantation of a cemented femoral stem.
Differences in the PFV of the femoral broach and of the
implanted cemented femoral stem would result in an
asymmetrical thickness of the cement column. Exist-
ing literature has supported that the thickness of the
cement mantle around the femoral stem impacts cement
strains [48], stem subsidence [49], micro-movement at
the cement-bone interface [50], and the overall long-
term radiographic outcome [51]. The presence of defects
may affect the fixation interfaces and potentially func-
tion as an area of osteolysis [52—54]. However, there is
still a debate about the optimal cement thickness [55, 56].
Long-term follow-up clinical studies are needed to deter-
mine if an asymmetrical cement mantle thickness nega-
tively affects the implant’s survival.

Furthermore, considering that there is a continuing
debate around the most appropriate fixation technique
in primary THA, the findings of this study suggest that
PFV may constitute an additional criterion during the
selection process. A limited number of studies so far,
have reported higher dislocation, revision and loosening
rates in the uncemented primary THA, when compared
to the cemented THA [34-36]. In this context, it is prob-
able that this increased prevalence of untoward events
in uncemented THA may stem from the high variabil-
ity of PFV [17]. Long-term clinical studies are impera-
tive to identify any significant association between PFV
and post-operative clinical outcome in uncemented and
cemented THA.

We acknowledge limitations. Firstly, PFV angles were
measured based on 3D-CT reconstructed models of the
proximal femurs and prosthetic models using a stand-
ardised coordinate system; this procedure is considered
as a virtual equivalent to the reference standard [16]. The
main limitation of this method is the amount of subjec-
tivity induced by landmarks selection. Excellent intra
and interobserver analysis proved that the PFV measure-
ments were not significantly influenced by the user input.
For the measurement of NFV measurements we used a
published method [16]. Our measurements of NFV val-
ues are in accordance with those of previous studies [16,
29, 57].

Secondly, the findings may depend on the geometry of
the femoral stems used, not fully reflecting the influence
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of cemented femoral stems of a different geometry on
PFV. We compared a fit-fill, uncemented femoral stem of
a trapezoidal cross-section with a narrower, highly pol-
ished, cemented femoral stem. A potential comparison
between uncemented and cemented femoral stems of
similar geometry would have resulted in less difference in
PFV and the incidence of retroversion.

Lastly, the two THA groups had unequal sample sizes
and follow-up time. Considering the fact that dislocation
has been reported to occur within the first 12 months
of the surgery [58, 59], we assumed that the follow-up
time of the cemented THA group (21 months) is consid-
ered an adequate follow-up time to detect any clinically
adverse effects.

Conclusions

Recent CT studies have reported a high variability of PFV
in uncemented THA, suggesting that the internal mor-
phology of the proximal femur may affect the final ver-
sion of the femoral component. In this study, we found
that the use of a cemented fixation technique led to
higher PFV, when compared to the uncemented group
although both groups reported a similar variability. With
cemented fixation, surgeons have greater control of PFV.
There is need to develop surgical tools that can intra-
operatively measure and/or guide version of the femoral
component.

Abbreviations
APP Anterior pelvic plane

BA Bland-Altman

cT Computed-tomography

(@Y% Combined version

HA Hydroxyapatite

ICC Intraclass correlation coefficient
IQR Interquartile range

NFV Native femoral version

OHS Oxford hip score

PCA Posterior condylar axis

PFV Prosthetic femoral version

PS Patient-specific

PSI Patient-specific instrumentation
SD Standard deviation

3D-CT  Three-dimensional computed-tomography

THA Total hip arthroplasty

Acknowledgements

This research study was supported by The Arthroplasty for Arthritis Char-
ity, The Maurice Hatter Foundation, the RNOH Charity, the Rosetrees Trust
and the Stoneygate Trust, by researchers at the National Institute for Health
Research University College London Hospitals Biomedical Research Centre.
The authors are grateful to the engineers at Medacta International for their
technical support.

Author contributions

MM, ADL, JH, and AJH contributed to study design. MM, ADL, HH, JH, and AJH
contributed to data collection, analysis, and interpretation. MM, ADL, HH, JH,
and AJH involved in writing and revision of the manuscript. All co-authors
have read the manuscript and agreed with the contents of it.

(2023) 18:948

Page 8 of 10

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The data is available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This project was evaluated in accordance with National Research Ethics Ser-
vice "NRES—defining research” protocol. It was categorised by the NHS RNOH
R&D department as service evaluation and as such does not require approval
from Research Ethics Committee (REC) or R&D Office. Institutional Review
Board Statement: Institutional review board approval NHS RNOH R&D Service
Evaluation (SE16.020-11/08/2016).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 August 2023 Accepted: 29 October 2023
Published online: 09 December 2023

References

1. Komeno M, Hasegawa M, Sudo A, Uchida A. Computed tomographic
evaluation of component position on dislocation after total hip arthro-
plasty. Orthopaedics. 2006;29:1104.

2. Suh KT, Kang JH, Roh HL, Moon KP, Kim HJ. True femoral anteversion dur-
ing primary total hip arthroplasty. J Arthroplast. 2006;21:599-605.

3. Wines AP, McNicol D. Computed tomography measurement of the
accuracy of component version in total hip arthroplasty. J Arthroplast.
2006;21:696-701.

4. Reikeras O, Gunderson RB. Components anteversion in primary cement-
less THA using straight stem and hemispherical cup: a prospective study
in 91 hips using CT-scan measurements. Orthop Traumatol Surg Res.
2011,97:615-21.

5. NakashimaY, Hirata M, Akiyama M, Itokawa T, Yamamoto T, Motomura
G, et al. Combined anteversion technique reduced the dislocation in
cementless total hip arthroplasty. Int Orthop. 2014,38:27-32. https://doi.
0rg/10.1007/500264-013-2091-2.

6. Hirata M, Nakashima Y, Ohishi M, Hamai S, Hara D, lwamoto Y. Surgeon
error in performing intraoperative estimation of stem anteversion in
cementless total hip arthroplasty. J Arthroplast. 2013;28:1648-53.

7. Fujishiro T, Hayashi S, Kanzaki N, Hashimoto S, Kurosaka M, Kanno T,
et al. Computed tomographic measurement of acetabular and femoral
component version in total hip arthroplasty. Int Orthop. 2014;38:941-6.
https://doi.org/10.1007/500264-013-2264-z.

8. Hirata M, Nakashima Y, Itokawa T, Ohishi M, Sato T, Akiyama M, et al.
Influencing factors for the increased stem version compared to the native
femur in cementless total hip arthroplasty. Int Orthop. 2014;38:1341-6.
https://doi.org/10.1007/500264-014-2289-y.

9. Fujishiro T, Hiranaka T, Hashimoto S, Hayashi S, Kurosaka M, Kanno T, et al.
The effect of acetabular and femoral component version on dislocation
in primary total hip arthroplasty. Int Orthop. 2016;40:697-702. https://doi.
0rg/10.1007/500264-015-2924-2.

10. OkadaT, Fukunishi S, Yoshiya S, Tachibana T, Fujihara Y, Masumoto Y,
et al. Achievement of optimal implant alignment using taper wedge
stems with cup-first THA through the MIS antero-lateral approach. Eur
J Orthop Surg Traumatol. 2020;30:1505-14. https://doi.org/10.1007/
500590-020-02696-1.

11. Jackson JB, Martin JR, Christal A, Masonis JL, Springer BD, Mason JB. The
direct anterior approach total hip arthroplasty reliably achieves “safe
zones"for combined anteversion. Arthroplast Today. 2020;6:651-4.


https://doi.org/10.1007/s00264-013-2091-2
https://doi.org/10.1007/s00264-013-2091-2
https://doi.org/10.1007/s00264-013-2264-z
https://doi.org/10.1007/s00264-014-2289-y
https://doi.org/10.1007/s00264-015-2924-2
https://doi.org/10.1007/s00264-015-2924-2
https://doi.org/10.1007/s00590-020-02696-1
https://doi.org/10.1007/s00590-020-02696-1

Moralidou et al. Journal of Orthopaedic Surgery and Research

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32

Hochreiter J, Bohm G, Fierlbeck J, Anderl C, Birke M, Miinger P, et al.
Femoral antetorsion after calcar-guided short-stem total hip arthroplasty:
a cadaver study. J Orthop Res. 2021. https://doi.org/10.1002/jor.25228.
Imai H, Miyawaki J, Kamada T, Takeba J, Mashima N, Miura H. Preoperative
planning and postoperative evaluation of total hip arthroplasty that takes
combined anteversion. Eur J Orthop Surg Traumatol. 2016;26:493-500.
https://doi.org/10.1007/500590-016-1777-8.

Kim JS, Park TS, Park SB. Measurement of femoral neck anteversion in 3D.
Part 1: 3D imaging method. Med Biol Eng Comput. 2000;38:603-9.
Sugano N, Noble PC, Kamaric E. A comparison of alternative meth-

ods of measuring femoral anteversion. J Comput Assist Tomogr.
1998,22(4):610-4.

Park KK, Tsai T-Y, Dimitriou D, Kwon Y-M. Utility of preoperative femoral
neck geometry in predicting femoral stem anteversion. J Arthroplast.
2015;30:1079-84.

Dorr LD, Malik A, Dastane M, Wan Z. Combined anteversion technique for
total hip arthroplasty. Clin Orthop. 2009;467:119-27.

Sariali E, Mouttet A, Pasquier G, Durante E, Catone Y. Accuracy of recon-
struction of the hip using computerised three-dimensional pre-operative
planning and a cementless modular neck. J Bone Jt Surg. 2009,91:8.
Sendtner E, Tibor S, Winkler R, Worner M, Grifka J, Renkawitz T. Stem
torsion in total hip replacement: CT measurements in 60 patients. Acta
Orthop. 2010;81:579-82. https://doi.org/10.3109/17453674.2010.524596.
Kiernan S, Hermann KL, Wagner P, Ryd L, Flivik G. The importance of
adequate stem anteversion for rotational stability in cemented total hip
replacement: a radiostereometric study with 10-year follow-up. Bone Jt J.
2013;95-B:23-30. https://doi.org/10.1302/0301-620X.95B1.30055.

Inoue D, Kabata T, Maeda T, Kajino Y, Fujita K, Hasegawa K, et al. Value of
computed tomography-based three-dimensional surgical preoperative
planning software in total hip arthroplasty with developmental dysplasia
of the hip. J Orthop Sci. 2015;20:340-6.

Dimitriou D, Tsai T-Y, Kwon Y-M. The effect of femoral neck osteotomy

on femoral component position of a primary cementless total hip
arthroplasty. Int Orthop. 2015;39:2315-21. https://doi.org/10.1007/
$00264-015-2739-1.

Weber M, Messmer B, Woerner M, Grifka J, Renkawitz T. Novel meas-
urement method on plain radiographs to predict postoperative stem
anteversion in cementless THA: stem version is predictable in cementless
THA. J Orthop Res. 2016;34:2025-30. https://doi.org/10.1002/jor.23202.
Hayashi S, Hashimoto S, Matsumoto T, Takayama K, Nishida K, Ishida

K, et al. Stem anteversion mismatch to the anatomical anteversion
causes loss of periprosthetic bone density after THA. J Orthop Surg.
2017,25:230949901773947. https://doi.org/10.1177/2309499017739478.
Nodzo SR, Chang C-C, Carroll KM, Barlow BT, Banks SA, Padgett DE, et al.
Intraoperative placement of total hip arthroplasty components with
robotic-arm assisted technology correlates with postoperative implant
position: a CT-based study. Bone Jt J. 2018;100-B:1303-9. https://doi.org/
10.1302/0301-620X.100B10-BJJ-2018-0201.R1.

Belzunce MA, Henckel J, Di Laura A, Hart A. Uncemented femoral stem
orientation and position in total hip arthroplasty: a CT study. J Orthop
Res. 2020;38:1486-96. https://doi.org/10.1002/jor.24627.

van Erp JHJ, Snijders TE, Weinans H, Castelein RM, Schlosser TPC, de Gast
A.The role of the femoral component orientation on dislocations in
THA: a systematic review. Arch Orthop Trauma Surg. 2022;142:1253-64.
https://doi.org/10.1007/500402-021-03982-1.

Marcovigi A, Ciampalini L, Perazzini P, Caldora P, Grandi G, Catani F. Evalu-
ation of native femoral neck version and final stem version variability in
patients with osteoarthritis undergoing robotically implanted total hip
arthroplasty. J Arthroplast. 2019;34:108-15.

Worlicek M, Weber M, Craiovan B, Worner M, Véliner F, Springorum HR,

et al. Native femoral anteversion should not be used as reference in
cementless total hip arthroplasty with a straight, tapered stem: a retro-
spective clinical study. BMC Musculoskelet Disord. 2016;17:399. https://
doi.org/10.1186/512891-016-1255-9.

Malik A, Maheshwari A, Dorr LD. Impingement with Total hip replace-
ment. J Bone Jt Surg. 2007,89:1832-42.

Emerson RH. Increased anteversion of press-fit femoral stems compared
with anatomic femur. Clin Orthop. 2012;470:477-81.

Bergmann G, Graichen F, Rohlmann A. Hip joint loading during walking
and running, measured in two patients. J Biomech. 1993;26:969-90.

(2023) 18:948

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 9 of 10

Gill HS, Alfaro-Adrian J, Alfaro-Adridn C, McLardy-Smith P, Murray DW.
The effect of anteversion on femoral component stability assessed by
radiostereometric analysis. J Arthroplast. 2002;17:997-1005.

Dobzyniak M, Fehring TK, Odum S. Early failure in total hip arthroplasty.
Clin Orthop. 2006;447:76-8.

Zijlstra WP, De Hartog B, Van Steenbergen LN, Scheurs BW, Nelissen
RGHH. Effect of femoral head size and surgical approach on risk of revi-
sion for dislocation after total hip arthroplasty: an analysis of 166,231
procedures in the Dutch arthroplasty register (LROI). Acta Orthop.
2017,88:395-401. https://doi.org/10.1080/17453674.2017.1317515.

van Stralen GMJ, Struben PJ, van Loon CJM. The incidence of dislocation
after primary total hip arthroplasty using posterior approach with poste-
rior soft-tissue repair. Arch Orthop Trauma Surg. 2003;123:219-22. https://
doi.org/10.1007/500402-003-0482-3.

Sugano N. Computer-assisted orthopaedic surgery and robotic surgery in
total hip arthroplasty. Clin Orthop Surg. 2013;5:1.

Wan Z, Malik A, Jaramaz B, Chao L, Dorr LD. Imaging and navigation
measurement of acetabular component position in THA. Clin Orthop.
2009;467:32-42.

Fischer T, Stern C, Fritz B, Zingg PO, Pfirrmann CWA, Sutter R. Impact

of stem design and cementation on postoperative femoral antetor-

sion in 227 patients with total hip arthroplasty (THA). Skeletal Radiol.
2020;49:2001-9. https://doi.org/10.1007/500256-020-03483-z.

Krishnan H, Krishnan SP, Blunn G, Skinner JA, Hart AJ. Modular neck
femoral stems. Bone Jt J. 2013;95-B:1011-21. https://doi.org/10.1302/
0301-620X.95B8.31525.

Carrington NG, Sierra RJ, Gie GA, Hubble MJW, Timperley AJ, Howell JR.
The Exeter Universal cemented femoral component at 15-17 years. J
Bone Jt Surg. 2009,91:8.

Loppini M, Longo UG, Caldarella E, Rocca AD, Denaro V, Grappiolo G.
Femur first surgical technique: a smart non-computer-based procedure
to achieve the combined anteversion in primary total hip arthroplasty.
BMC Musculoskelet Disord. 2017;18:331. https://doi.org/10.1186/
$12891-017-1688-9.

Pour AE, Schwarzkopf R, Patel KP, Anjaria M, Lazennec JY, Dorr LD. Is com-
bined anteversion equally affected by acetabular cup and femoral stem
anteversion? J Arthroplast. 2021;36:2393-401.

Hernandez A, Lakhani K, NUnez JH, Mimendia |, Pons A, Barro V. Can we
trust combined anteversion and Lewinnek safe zone to avoid hip pros-
thesis dislocation? J Clin Orthop Trauma. 2021;21:101562.

Viceconti M, Lattanzi R, Antonietti B, Paderni S, OImi R, Sudanese A, et al.
CT-based surgical planning software improves the accuracy of total hip
replacement preoperative planning. Med Eng Phys. 2003;25:371-7.
Sariali E, Mauprivez R, Khiami F, Pascal-Mousselard H, Catonné Y. Accuracy
of the preoperative planning for cementless total hip arthroplasty. A
randomised comparison between three-dimensional computerised
planning and conventional templating. Orthop Traumatol Surg Res.
2012;98:151-8.

Di Laura A, Henckel J, Hothi H, Hart A. Can 3D surgical planning and
patient specific instrumentation reduce hip implant inventory? A
prospective study. 3D Print Med. 2020;6:25. https://doi.org/10.1186/
$41205-020-00077-2.

Fisher DA, Tsang AC, Paydar N, Milionis S, Turner CH. Cement-mantle
thickness affects cement strains in total HIP replacement. J Biomech.
1997,30:1173-7.

Takahashi E, Kaneuji A, Tsuda R, Numata Y, Ichiseki T, Fukui K, et al. The
influence of cement thickness on stem subsidence and cement creep in
a collarless polished tapered stem: when are thick cement mantles detri-
mental? Bone Jt Res. 2017;6:351-7. https://doi.org/10.1302/2046-3758.65.
BJR-2017-0028.R1.

Ramaniraka N, Rakotomanana L, Leyvraz P. The fixation of the

cemented femoral component: effects of stem stiffness, cement thick-
ness and roughness of the cement-bone surface. J Bone Joint Surg.
2000;82-B:297-303.

Ebramzadeh E, Sarmiento A, McKellop H, Llinas A, Gogan W. The cement
mantle in total hip arthroplasty. J Bone Jt Surg. 1994;76-A:77-87.
Scheerlinck T, De Mey J, Deklerck R, Noble PC. CT analysis of defects of
the cement mantle and alignment of the stem. In vitro comparison of
Charnley-Kerboul femoral hip implants inserted line-to-line and under-
sized in paired femora. J Bone Jt Surg Br. 2006;88-B:19-25. https://doi.org/
10.1302/0301-620X.88B1.16715.


https://doi.org/10.1002/jor.25228
https://doi.org/10.1007/s00590-016-1777-8
https://doi.org/10.3109/17453674.2010.524596
https://doi.org/10.1302/0301-620X.95B1.30055
https://doi.org/10.1007/s00264-015-2739-1
https://doi.org/10.1007/s00264-015-2739-1
https://doi.org/10.1002/jor.23202
https://doi.org/10.1177/2309499017739478
https://doi.org/10.1302/0301-620X.100B10-BJJ-2018-0201.R1
https://doi.org/10.1302/0301-620X.100B10-BJJ-2018-0201.R1
https://doi.org/10.1002/jor.24627
https://doi.org/10.1007/s00402-021-03982-1
https://doi.org/10.1186/s12891-016-1255-9
https://doi.org/10.1186/s12891-016-1255-9
https://doi.org/10.1080/17453674.2017.1317515
https://doi.org/10.1007/s00402-003-0482-3
https://doi.org/10.1007/s00402-003-0482-3
https://doi.org/10.1007/s00256-020-03483-z
https://doi.org/10.1302/0301-620X.95B8.31525
https://doi.org/10.1302/0301-620X.95B8.31525
https://doi.org/10.1186/s12891-017-1688-9
https://doi.org/10.1186/s12891-017-1688-9
https://doi.org/10.1186/s41205-020-00077-2
https://doi.org/10.1186/s41205-020-00077-2
https://doi.org/10.1302/2046-3758.65.BJR-2017-0028.R1
https://doi.org/10.1302/2046-3758.65.BJR-2017-0028.R1
https://doi.org/10.1302/0301-620X.88B1.16715
https://doi.org/10.1302/0301-620X.88B1.16715

Moralidou et al. Journal of Orthopaedic Surgery and Research

53.

54.

55.

56.

57.

58.

59.

Breusch SJ, Lukoschek M, Kreutzer J, Brocai D, Gruen TA. Dependency

of cement mantle thickness on femoral stem design and centralizer. J
Arthroplast. 2001;16:648-57.

Anthony P, Gie GA, Howie CR. Localised endosteal bony lysis in relation
to femoral components of cemented total hip arthroplasty. Bone Jt Surg.
1990;72-B:971-9.

Cassar-Gheiti AJ, McColgan R, Kelly M, Cassar-Gheiti TM, Kenny P, Murphy
CG. Current concepts and outcomes in cemented femoral stem design
and cementation techniques: the argument for a new classification
system. EFORT Open Rev. 2020;5:241-52.

Skinner JA, Todo S, Taylor M, Wang JS, Pinskerova V, Scott G. Should the
cement mantle around the femoral component be thick or thin? J Bone
Jt Surg Br. 2003;85-B:45-51. https://doi.org/10.1302/0301-620X.85B1.
13055.

Folinais D, Thelen P, Delin C, Radier C, Catonne Y, Lazennec JY. Measuring
femoral and rotational alignment: EOS system versus computed tomog-
raphy. Orthop Traumatol Surg Res. 2013;99:509-16.

Dargel J, Oppermann J, Briiggemann GP, Eysel P. Dislocation following
total hip replacement. Deutsches Arzteblatt Int. 2014;111(51-52):884.
Brooks PJ. Dislocation following total hip replacement. Bone Jt J.
2013;95:3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

(2023) 18:948

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1302/0301-620X.85B1.13055
https://doi.org/10.1302/0301-620X.85B1.13055

	Cemented or uncemented fixation: Which allows a more acceptable prosthetic femoral version in total hip arthroplasty?
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Study design
	Pre-operative radiology and 3D software planning
	Surgical approach
	Prosthetic components
	Patient-specific instrumentation (PSI)
	Post-operative radiology
	Prosthetic femoral version (PFV) and acetabular cup version
	Reproducibility and reliability analysis
	Statistical analysis

	Results
	Discrepancy between NFV and PFV of individual cases in both THA groups
	PFV in uncemented and cemented THA
	Acetabular cup version in uncemented and cemented THA
	Reproducibility and reliability analysis
	Clinical outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


