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Evaluation of native femoral neck version and final stem version
variability in patients with osteoarthritis undergoing robotically
implanted THA

Abstract

Background:

Combined anteversion in Total Hip Arthroplasty influences both dislocation risk and range of motion.
One of its components, stem version, could be dictated by many factors, from native femoral anatomy to
stem geometry and surgeon’s choice.

In the current multicenter study, robotic technology was used to assess the influence of native femoral
version on final stem version and combined anteversion using a straight uncemented stem.

Methods:

Three hundred and sixty-two patients undergoing total hip arthroplasty were enrolled from 3 different
orthopedic centers from 2012 and 2016.

All patients underwent CT planning with measurement of Femoral Neck Version (FNV) and intraoperative
measurement of Stem Version (SV), Acetabular component Version (AV) and Combined Version (CV) with
robotic instrumentation.

Results:

Mean FNV was 5.0°+9.6°, SV was 6.4°+9.7°. The average difference between FNV and SV was 1.6°£9.8°. A
moderate correlation was found between FNV and SV (R = 0.48, p < 0.001). SV was between 5° and 20° in
174 patients (48%).

Mean CV was 28.2°+7.9°. A strong correlation was found between SV and CV (R =0.89, p < 0.001).

A significant difference in SV was found between the 3 centers (p<0.001).

CV was <25° in 109 patients (30.1%). Relative risk of CV <25° was 8.6 times greater with stem version <5°
(p<0.001).

Conclusion:
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With the use of an uncemented single wedge straight stem, SV is highly variable. Despite being moderately
correlated with native FNV, SV can be partially influenced by the surgeon. A low SV could be hardly

corrected, bringing high risk of low CV.

Keywords:
Anteversion; THA; Combined Version; Robotics; Stdrotal Hip Arthroplasty.

I ntroduction

Component positioning in Total Hip Arthroplasty (AHcan have a major effect on both clinical
outcome and complications rate. Traditionally theommended positioning for femoral stem is to
restore natural offset and anteversion, which eaalt in great variability of final component
placemeni{l,Z] Various works have in fact shown mean values t¥eademoral neck version that
may range from 8.84° + 9.66° to 28.1°+11[B8;4]

Following exclusively proximal femoral anatomy cdulgad to excessive stem anteversion or
retroversion, and may result in acetabular impingietnand possibly a higher risk of dislocation.
[5,6 In order to avoid such complications and imprtheerange of motion (ROM) Dorr et ]
emphasized the importance of achieving a combinéslarsion (the sum of acetabular and stem
version) between 25° and 50°.

Achieving this degree of combined version can lmbl@matic when version choices are limited on
the femoral side (related to proximal femoral amath In the situation where the stem is placed in
only slight anteversion, adjustments must be dortke acetabular side, creating a risk of cup
uncoveragel8] On the other hand, substantial changes in fenmaxek version with stem
implantation creates concurrent changes in antandrlateral femoral offset, potentially resulting
in decrements in abductor strend®i.

The type and geometry of the femoral stem canaffeat resultant femoral version. When
implanting a straight cementless stem, the firahsanteversion might be influenced by the

necessity of placing the component into a bestdtposition within the femoral can48]
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Several studies reported final stem version in Taf&r the implantation of an uncemented femoral
component[10,11,12 Two of them also analyzed the relationship betwesive femoral neck
version and stem version using preoperative antbpesative CT measurements. Hirata tlL8].
reported a mean difference of &&8° in anteversion with a final stem version ranging frbofi

to 63.2°, while Emerson et Hl] found similar results in the mean difference valuih 8.1°+ 7.4°
but with a final stem version of ranging from -1t&°22°.

With the advent of robotically assisted THA, inisw possible to have a direct, real-time
knowledge of stem version during surgdty4] This knowledge enables the surgeon to make
intraoperative adjustments to femoral stem versagetabular component version or both to
achieve desired component position goals.

The purpose of this multicenter, retrospective pinds to assess the variability of preoperative
femoral neck anteversion and final stem and cupioriin patients undergoing THA performed
with CT based robotic techniques. The hypothesis that the majority of the implanted stems
could be aligned to a physiological range of 5°-8Danteversion, regardless of the native femoral
anatomy and that an optimal combined version of3Z5°could be reached in all patients. The
secondary aim of the study was to assess everdtiability in component positioning among

different surgeons.

Materials and methods

Three hundred and sixty-two patients undergoing tap arthroplasty were enrolled from 3

different orthopedic centers in Italy from 2012 &td.6. Of the 362 patients, 229 came from Center
1, 56 from Center 2 (both located in Northern lfagd 77 from Center 3 (located in Central Italy).
In the considered cohort 173 patients were Fenaaddsl89 Males. Diagnoses of congenital hip
dysplasia or congenital hip dislocation were coasd as exclusion criteria. All patients had lalia

citizenship and were characterized by Caucasiamncty
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All patients were affected by end-stage hip ostiboiéis and all patients underwent CT scanning as
preoperative planning for MAKO Robotically-Assist€HA (Stryker Orthopedics, Kalamazoo, Ml,
USA).

In all cases THA was performed using a straighiglsiwedge, uncemented stem (Metatix
collarless stem, Corin Group PLC, Cirencester @hemispheric, uncemented, coated cup
(Trinity™ Cup, Corin Group PLC, Cirencester UK) and Mako &ihinstrumentation for the
implantation of both femoral and acetabular comptse

Interventions were performed by 3 different sesiargeons (1 surgeon for each center), a direct
lateral approach was used in 259 patients, whilesterior-lateral approach was used in the
remaining 103 patients (all 77 patients from ceBtand 16 patients from center 2).

Only CT scans that met the following qualificatiomere accepted: slices spacing 0.5-1 mm for the
pelvis and 2.0-5.0 mm for the knee, kvV120-140, n@@-250.

CT scans were processed with the MAKO Stryker “i€tiSoftware to obtain 3D bone models.
Standardized landmarks of proximal femur, distalde and pelvis were identified by a single
observer and then used to determine the Femord Abds (FNA),the Posterior Condylar Axis
(PCA) and the Anterior Pelvic Plane (APP).

The preoperative Femoral Neck Version (FNV) wasadgtically calculated by the software as the
angle formed by the projection of FNA and PCA oa Tmansverse Plane.

Screw fixation was used for the placement of #radral and pelvic trackers and morphing
acquisitions of the femur and acetabulum were peréd to couple CT 3D models and patient’s
anatomy.The integrated optical guide navigationesysvas used to measure Stem Version during
stem implantation, Cup Version was then intraopeght planned to achieve a satisfactory
Combined Version and to avoid excessive anterigosterior acetabular uncoverage with the use
of CT based 3D models. Cup was finally implantethm planned position with the use of Mako

Semiautomatic robotic arm. Final Stem Version (SMpgl Acetabular component Version (AV)
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and final Combined Version (CV) were automaticaltyjuired during the procedure. The reported
nominal accuracy of the system is 1 mm or 1°.

During surgery all surgeons tried to obtain adegpaess-fit fixation, while aiming to a Stem
Version included between 5° and 20° of anteverdiomtarget for Combined Anteversion was set
to 25°-50°, compatibly with acetabular cup coverbgeanterior and posterior walls.

Patients were classified depending on FNV, follayaley’s criterifl5]: for a FNV value from 5°

to 20° version was considered “normal”, a FNV <\&fs considered “Decreased” and a FNV > 20°
was considered “Increased”.

The same classification was applied to the intreattpes values of SV, defining the following
groups: “In range” (SV 5°-20°), “Below range” (S\bY and “Above range” (SV >20°).

Patients were finally classified in three grouppeateding on CV according to the combined
anteversion parameters dictated by Dorr et al'[dw CV” (CV<25°), “Desired CV” (CV 25°-

50°), “High CV” (CV>50°).

“Statistical Analysis”

Descriptive data analysis was performed with treeafdMicrosoft Excel 2016 Data Analysis Tools;
Anova Univariated analysis was used to assesgeliites between mean FNV, mean SV, mean
AV and mean CV in patients from the 3 differenttees. Means were compared with Student's t-
test and associations were evaluated with Pearsomtsation coefficient.

Data was then analyzed through a mixed-effectstmgiegression model, where the outcome was
SV in the range 5°- 20° and the independent vaatablas FNV. The mixed-effects model was
specified with random intercept and random slopmsewhich capture differences between the
three hospitals. Linear, quadratic and cubic trammsétions of FNV were tested. The final model
was identified by means of likelihood ratio testsagell as information criteria. Observations having
FNV out of the range defined by the first and thgrdartiles minus / plus two times the interquartile
range were excluded from the model. Results weaptgcally reported as estimated probabilities of

FNV in the range 5°;20°, according to FNV and htapi



129  The final mixed-effects logistic regression modaeht@ined linear, quadratic and cubic terms for
130 FNV. Random intercept and random slope (assoctatealv value of FNV) terms were also

131  entered in the model.

132 Statistical calculation was performed with R 3.8c®ware (The R Foundation for Statistical

133 Computing).

134

135 Results

136 Mean FNV in the study population was 5.0° + 9.6axd9° of anteversion, min -22° of

137  retroversion), while SV was 6.4°+ 9.7° (max 40%oteversion, min -20° of retroversion) (Figure
138 1).

139  The average difference between FNV and SV was 0@*max 34° in anteversion, min -52° in
140  retroversion). A moderate statistically significaotrelation was found between FNV and SV

141  (Pearson correlation R = 0.48, p < 0.001). Fineh&Yersion was between 5° and 20° in 174

142  patients (48%), <5° in 162 patients (45%), and S8®@6 patients (7%). (see table 1 and figure 2
143  for complete data set).

144  Mean AV in the whole population was 21.7° + 4.40gx 35° in anteversion, min 7° in anteversion)
145 and mean CV was 28.2° + 7.9° (max 57°, min 8°)trArgy statistically significant correlation was
146  found between SV and CV (Pearson correlation R89,(p < 0.001).

147  Final Combined Version was between 25° and 505 2atients (69.6%), <25° in 109 patients
148  (30.1%), and >50° in only 1 patient (0.3%).

149  Relative risk of “Low Combined Version” was 8.6 Bsigreater in patients with Stem Version

150 “Below Range” (p<0.001).

151  Each center was then considered separately. That8rs had similar values of mean FNV (Center
152 1:5.0° £ 9.4°, Center 2: 5.9° £ 8.4°, Center &°4 10.5°) with no statistically significant

153  difference. On the contrary SV was characterized lyde variation between centers (Center 1:
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3.4° £ 8.3°, Center 2 7.4° + 9.6°, Center 3 15.1° %), differences were found statistically
significant with the ANOVA test.

Similar mean values of AV were found in the 3 cen{€enter 1: 21,7° £ 4,6°, Center 2 22,3°
4,4°, Center 3 21,1° *+ 3,9°) with no statisticaignificant difference; consequently CV shows the
same pattern of stem version (Center 1: 25,1° & €6nter 2 29,7° £ 7,4°, Center 3 36,2° £ 6,1°)
with statistically significant difference at the AN/A test. (Table 2).

In Center 1 91 on 229 patients (39.7%) had a ‘inyed stem version, while in Center 2 27 on 56
patients (48.2%) had a “in range” stem versioniar@enter 3 57 on 77 patients (74 %) had a “in
range” stem version. The difference between cemdgyarticularly significant in patients with a
reduced FNV since they had an “in range” stem versate of 22.9% for center 1, 26% for center 2
and 80% for center 3. (for complete dataset seéeTabnd figure 3).

The desired range of Combined Version was obtaimé®4 on 229 patients (58.5%) in Center 1,
in 45 on 56 patients (80.4%) in Center 2 and i@ 37 patients (94.8%) in Center 3.

When SV was “Below Range” the desired CV was oleghim 37.1%, 56.0% and 50.0% of patients
in Center 1, Center 2 and Center 3 respectivelyeM8V was “In Range” the desired CV was
obtained in 86.8%, 100% and 98.2% of patients int€el, Center 2 and Center 3 respectively.
(Table 3, Figure 4)

Given the difference between the 3 centers, antbttighat in center 3 only posterior-lateral
approach was used, the population of center 2 waded between Posterior-Lateral approach
(PLA) (16 patients) and Direct-Lateral approach )40 patients); a two-tailed T-Test was used
to compare SV and FNV-SV difference. SV resultgphigicantly higher in DLA (9.5° + 9.9° vs
2.04£6.8°; p<0.001), while FNV-SV difference resdlteigher in PLA (8,3° = 7.0° vs 6,4° = 4.9°)
with no statistically significant difference.

A moderate statistically significant correlatiortween FNV and SV was confirmed also in the
separate analysis for centers (Center 1 R=0.610.p&1; Center 2 R=0.54, p < 0.001; Center 3

R=0.46, p < 0.001).
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Three hip dislocations were treated with closedicédn and patients had no recurrence of
dislocation. Center 1 had 1 post-traumatic disiocafialling descending the stair at 4 months after
surgery. Center 2 had 1 dislocation for severealmsthip dislocated during manual physiotherapy;

Center 3 1 post-traumatic dislocation falling frarhigh step at 3 months after surgery (Table 4).

Discussion

The present study confirms the great variabilitydfV in patients with osteoarthritis and also of
final SV when using a straight uncemented stem (nséam anteversion 6.4° with a standard
deviation of 9.7° and ranging from -20° to 40°; mekfference between stem version and femoral
neck version was 1.6°+ 9.8° (max 34°, min -52°Yhviemoral stem more anteverted than femoral
neck). The ideal version position of the acetabatat femoral components is unknoyh6,17
Traditionally Lewinnek’s “safe zong"18] (40° £ 10° of inclination and 15° + 10° of antesien) is
considered the gold standard for acetabular cupigoisg to avoid dislocation and impingement.
[19] Recent literature has emphasized the importancerwidering both cup and stem anteversion
in order to achieve a combined anteversion in aetbsange of 40°+15720,21,22

Current robotic assisted THA gives the surgeoraoyerative knowledge of stem and cup version,
which would then allow the surgeon to place bottmgonents such that cup position or combined
anteversion would fall into the target zone.

Despite this intraoperative measurement systenfetheral stem was placed within the targeted
range of anteversion (5°-20°) in only 48% of pasemhile it was implanted below that range in
45% of them. Combined Anteversion was severelyctgfibby such a low rate, falling into the
desired range in only 69.6% of patients.

These results certainly could have been influetgeldw femoral neck version: in the analyzed

cohort mean FNV was 5.0° £ 9.6°, lower than anyp#nalysis in current literature (other studies
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on osteoarthritic patients report native femoralkneersion ranging from 13.8° £ 7.9° to 28.1°
11.0°)[1,13,23,2%

Furthermore, also the observed discrepancy betwiidhand SV was lower than other similar
studies: Bargar et §p3]F'"ort Beokmark not defined. and Hirata et gJ13]E "o Bookmark not defined. -5 mnaring
pre-operative and post-operative CT scans afteimptantation of a femoral uncemented stem
found a mean prosthetic femoral anteversion of 2@ange, 1.0° to 39.0°; SD, 8.5°) and 38.0°
(range, 14.0° to 63.0°; SD, 11.2°), with a diffazerof 8.7°+ 4.8° and 9.8°+8.8° respectively.
Emerson et dl1] with an intraoperative fluoroscopic system alsteduained a difference of 8.1°+
7.4°. This difference is likely related to the natof the measurement system, since in the present
study stem version was identified intraoperatiweith a surgical navigation system, instead of
having a post-operative evaluation.

Acetabular component version was intraoperativédpiped by the surgeon with the knowledge of
prosthetical Stem Version, in order to achievetsfsatory Combined Version of 25°-50°;
nevertheless when Stem was positioned with lessGhaf anteversion the correct Combined
version was obtained only in 40.4% of patients, iatative risk of falling out of the desired range
of combined anteversion was 8.4 times higher (p&D,0even if mean AV was 24.2° + 3.5°, at the
higher limit of Lewinnek’s safe zone.

The secondary aim of the study was to assesanif gtssitioning could be operator dependent and if
it could variate with gender.

All surgeons targeted the same range of stem versevertheless the present data reveal a
statistically significant difference between ditfat centers both in mean SV-FNV difference
(Center 1: -1.5° + 7.9°, Center 2: 1.5° + 8.7°, tée3: 10.8° £ 9.8°) and in stem version behavior
in relation to femoral neck version.

Each surgeon acted differently in order change stension while achieving the best fit into

femoral canal. In center 1, slightly antevertedetroverted femurs were rarely corrected to the
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target stem version range and, even in patientswatmal femoral neck version, stem was
retroverted. On the other hand, in center 3, netiloversion was more often corrected to target
version, but involving a risk of overcorrection.dtly center 2 showed a correction profile simitar t
center 1 even if retroverted femurs were more featjy corrected to the normal range (Table 4,
figure 3).

The reported difference could be explained alsthbydifferent surgical approach, since the
surgeon in center 3 used only posterior-laterat@ggh and was probably brought to avoid stem
retroversion by the higher dislocation risk. Anywin center 2, in which both Direct Lateral and
Posterior Lateral approach were used, no statilstisignificant difference was found in FNV-SV
difference.

Emerson et dl1] suggested that the anatomic shape of the proxinalif determines the
anteversion of the stem; the same concept wasafgmorted by Bargar et 3], who found a
strong correlation between femoral neck versionsath version with a double wedge
metaphyseal filling component. Conversely, the @nestudy demonstrated only a moderate
correlation, as found by Hirata et HL3]

The present data also confirm that the extent biglwtne native anatomy dictates the prosthetic
anteversion is affected by the design of the st@mmner implants in the sagittal plane, such as
single wedge designs like the one analyzed in tesgmt study, are likely to show a lower influence
from proximal femoral anatomy. Those charactersstartially allow surgeons to modify stem
version to their liking, but create a higher vailigpof final stem position, especially without an
intraoperative knowledge of stem versif2g)|

Stem retroversion is often associated to a higlstoahtion risk and also advocated to fasten
subsidence and eventually component loosehd@y. However in the considered cohort it was not
always possible to correct femoral retroversioayieg 23% (83 patients) of the implanted stems

retroverted (SV<0°).

10
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Reduced stem version resulted to be a key factdeti@rmining insufficient combined version;
intraoperative planning and robotically guided @agitioning alone were not enough to correct
abnormal stem version and to achieve the desirggeraf combined Version. Positioning the
acetabular component with excessive anteversio®’{>x»uld mean landing outside of
Lewinnek’s safe zone and could expose to risk giimgement, acetabular uncoverage or anterior
dislocation[2,16,18

When analyzing separately different surgical appinea, we found a 28% of retroverted stems in
direct lateral approach surgery (76 retrovertethsten 269 patients) and a 7% of retroverted stems
in posterior-lateral approach surgery (7 retrovegiezms on 93 patients). The only case of
atraumatic hip dislocation in the presented poputatad a stem version of -5°, a cup version of
25°, a Combined Version of 20° and occurred inteepatreated with THA with posterior-lateral
approach, representing the 1.07% of the patiesdted with such approach.

Such results suggest that stem retroversion, aréftire reduced combined version, could be
highly tolerated in case of direct lateral apprqatchile it still represent a risk factor for diskien

in case of posterior-lateral approach.

The present study has several limitations. Firgtliothe group numbers from each center were
different, but since they are homogeneous for geade age, we feel it is appropriate to combine
the patients for analysis. Second, two differentjsal approaches were used, possibly influencing
stem version. Since there is no literature dat@sumg stem version difference between different
surgical approaches, and also data from our stuidigreced no difference when the approaches
were used by the same surgeon we treated PLA addtibd same way.

Third, it was possible to analyze only femoral neeksion without taking into account also other
factors influencing proximal femur anatomy, sucheasoral neck-shaft angle or femoral head
offset. Hirata et al[13] and Imai et aJ27] questioned the relationship between femoral neck

version and stem version, suggesting the use aphgseal version at the height of lesser

11
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trochanter as a referral, nevertheless femoral merdton was preferred since it remains the most
used landmark to assess proximal femur versioomventional THA.

Fourth, since only one case of atraumatic dislocatras reported in the present study, a higher
amount of data will be required to thoroughly invgate differences in dislocation risk between PL
and DL approaches with stem retroversion.

Finally, all measurements were performed by theesaperator, and it was not possible to assess
eventual inter-observer variability. Furthermore,ather report in current Literature had made use
of the Crisis Software to measure FNV, so the diffiee in measurement method could have

influenced the comparisons between different works.

Conclusion

The present study confirms the great variabilityemhoral neck version (FNV) in patients with hip
osteoarthritis. We found that with the use of anamented single wedge straight stem, final stem
version (SV) is highly variable. Despite being m@dely correlated with native FNV, SV can be
partially influenced by the surgeon, but native éeah retroversion is not always correctable and
retroversion of the stem is present in up to 23%atients.

Stem version is a key factor to achieve a satisfgatombined version; in order to correctly follow
combined anteversion technique and to avoid exeessireduced cup version we recommend stem
positioning between 5° and 20° in anteversion.

Low combined anteversion does not seem to consigtuisk factor for hip dislocation when using a
direct lateral approach, while in case of postdateral approach it should be avoided.

For these reasons, we consider that knowledgeeoipgrative and intraoperative stem version is
fundamental to avoid abnormal combined versionthatefore reduce risk of impingement,
dislocation or acetabular uncoverage; the use ob&SEd based planning, CAS or robotic
instrumentation could be useful, altogether winstesigns with intrinsic anteversion or cemented

fixation.
12
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Figures

Figure 1: Distribution of Femoral Neck Version (above) and Stem Version (below) in the whole population. In the red area Below
Range (<5°) and Above Range (>20°) results.

Figure 2: Scatter graph of Stem Version in respect to Femoral Neck Version. The stem “safe zone” was highlighted in green. When
FNV was <5° stem version was “increased” 3% of the times, “Normal” 37% of the times and Reduced 60% of the times, meaning that
the surgeon was not always able to correct femoral retroversion. Also with a “Normal” FNV stem was positioned with a SV <5° 34%
of the times.

Figure 3: Trend of “in range” SV in respect to FNV for surgery center. Center 1 has the lowest rate of “in range” SV for patients with
decreased or normal FNV but the highest rate of in range SV for patients with increased FNV.

Figure 4: Scatter graph of Combined Version in respect to Stem Version with each center considered separately. The “Desired
combined version” range of 25°-50° was highlighted. The distribution reflects the strong relationship between these two variables.
When stem has a “below range” (<5°) version there is a high risk of an insufficient Combined Version (59,6% of patients resulted in
the “low combined version” group when stem verson was<5°). All the 3 centers showed the same trend. It is also evident that Center
3, which has the highest rate of “in range” and “above range” stems, also has the highest rate of patients with “Desired” Combined
Version.



Tables

Number of patients
StemVersion:
<b5°
5°-20°
>20°
Mean Difference (+ S.D.)

Femoral Neck Version <5°

174 (48%)

104 (60%)
64 (37%)
6 (3%)
5.8°+ 9.4°

Femoral Neck Version 5°-20°

168 (46%)

57 (34%)
99 (59%)
12 (7%)
-1.6°+ 8.2°

reeral Neck Version >20°

20 (6%)

0 (0%)

12 (60%)
8 (40%)
-6.82F 7.2°

Table 1: Femoral Neck Version versus Final Stem Version: Final SV, and mean Version Difference (Stem Version — Femoral Neck
Version) in the 3 groups of different FNV from the whole study population. The femoral stem was anteverted with respect to FNV in
the group with decreased FNV and retroverted with respect to FNV in Normal and Increased FNV groups. The variation in Mean
Difference between the three groups was found to be statistically significant (p<0.001) in the ANOVA test.

Num'ber of Mean AV Mean CV Combined Version Groups
patients
Low CV Desired CV High CV
(< 25°) (25°-50°) (>50°)
Whole population 362 21.7°+4.4° 282°+7.9° 109 (30.1%) 252 (66)6 1 (0.3%)
StemVersion:
Below Range (<5°) 161 242°+35° 223°+52° 96 (59.6%) 65 (40.4%) 0 (0%)
In Range (5°-20°) 175 20.0°£3.8° 314°%5.1° 13 (7.4%) 162 (92.6%) 0 (0%)
Above Range (>20°) 26 16.8°+3.9° 43.2°+4.4° 0 (0%) 25 (96.2%) BB)
p-Value (ANOVA) - <0.001 <0.001 - - -

Table 2: Combined Version distribution in the 3 groups of Stem Version. When Stem Version is Below Range 59.6% of THAs were
positioned in a Combined Version more retroverted then recommended. When the stem was positioned inside or above the target
range the desired Combined version was obtained in 92.6% and 96.2% of patients respectively. Only one patient (0.3%) was
characterized by an excessive Combined Version.

NUMBER FEMORAL STEM MEAN ACETABULAR COMBINED

OF NECK VERSION DIFFERENCE COMPONENT  VERSION

PATIENTS VERSION (sv): (SV-FNV): VERSION (CV):

(FNV): (AV):

CENTER 1 229 5.0°+£9.4° 3.4°£8.3° -1.5°+7.9° 21,7° +4,6° 25,1° +6,5°
CENTER 2 56 5.9°+8.4° 7.4°+9.6° 1.5°+8.7° 22,3°x4,4° 29,7°x7,4°
CENTER 3 77 4.4° +10.5° 15.1°+x7.7° 10.8° +9.8° 21,1°£3,9° 36,2°+6,1°
P-VALUE 0.3 <0.001
(ANOVA) - 0.7 <0.001 <0.001




Table 3: Mean FNV, mean SV,mean SV-FNV difference, mean AV and mean CV of the population in the 3 study centers. The ANOVA
test showed no significant difference in FNV and AV between centers, while a significant difference was present in SV, mean
difference and CV.

Intra-operative Stem Pre-operative Femoral Neck Version
Version classification classification
(number of patients)

Intra-operative Combined Version
(number of patients)

Decreased Normal ENV Increased Low CV Desired High CV TOTAL

FNV (5°-20°) FNV (< 25°) cvVv (>50°)

(<59 (>20°) (25°-50°)
E SV Below range(<5°) 84 (63.6%) 48 (36.4%) 0 (0%) 83 (62.9%) 49 (37.1%) 0 (0%) 132
N
E SV In range (5°-20°) 25 (22.9%) 57 (53.3%) 9 (69.2%) 12 (13.2%) 79 (86.8%) 0 (0%) 91
R
L SV Above range(>20°) 0 (0%) 2 (33.3%) 4 (66.7%) 0 (0%) 6 (100%) 0 (0%) 6
E SV Below range(<5°) 17 (68.0%) 8 (32.0%) 0 (0%) 11 (44.0%) 14 (56.0%) 0 (0%) 25
N
E SV In range (5°-20°) 7 (26.0%) 19 (70.3%) 1(3.7%) 0 (0%) 27 (100%) 0 (0%) 27
R
) SV Above range(>20°)] 1 (25.0%) 2 (50.0%) 1(25.0%) 0 (0%) 4 (100%) 0 (0%) 4
E SV Below range(<5°) 3 (75.0%) 1(25.0%) 0 (0%) 2 (50.0%) 2 (50.0%) 0 (0%) 4
N
T P, 32 23 2 . . .
E SV In range (5°-20°) (80%) (71.9%) (40.0%) 1(1.8%) 56 (98.2%) 0 (0%) 57
R

SV Above range(>20°)] 5 (31.3%) 8 (50.0%) 3 (18.7%) 0 (0%) 15 (93,8%) 1(6,3%) 16

Table 4: Patients FNV and CV in relation to SV group in the different centers. In Center 3 stems were more frequently implanted with
an “in range” version (74% vs 48.2% of center 2 and 39.7% of center 1), particularly when facing a decreased FNV (80% vs. 28% of
center 2 and 22.9% of center 1). Combined Version substantially follows stem version distribution.

Center Mechanism Gender Side FNV SV SV-FNV AV Cv
difference
Case 1 Center 1  Traumatic F Right 10 1 -9 26 27
Case 2 Center 2 Atraumatic F Left 3 -5 -8 25 20
Case 3 Center 3  Traumatic M Left 15 20 5 20 40

Table 5: Documented cases of dislocation. In the only case of atraumatic dislocation, stem was positioned below range, in a
retroverted position; stem version was lower than femoral neck version and, despite the cup was positioned into the safe zone of
Lewinnek, Combined Version was lower than the recommended range of 25°-50°.
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