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Background: Acetabular component malposition has been linked to increased rates of dislocation, impingement, pelvic
osteolysis, cup migration, leg length discrepancy, and polyethylene wear in patients undergoing total hip arthroplasty (THA).
Objective: Compare the acetabular component positioning and the operative time in two consecutive short-stem cementless
THA series without and with using an imageless navigation.

Material and Method: The retrospective study consisted of 31 cases of short-stem cementless THA without navigation
(NNAV) and 30 cases with navigation (NAV). CT scans were performed in all cases at two-month or later postoperatively.
The abduction and anteversion angles measured on postoperative CT were compared between two groups using t-test. The
percentage of cup placement (abduction, anteversion and combined) within the safe zone for each group was compared
using Chi-square test at a 0.05 level of significance. The operative time was compared between two groups using t-test.
Results: The mean abduction was 43.97 (range, 33-52, SD 4.44) in NNAV group and 41.37 (range, 37-45, SD 2.01) in NAV
group. This difference was significant (p = 0.004). The mean anteversion was 22.58 (range, 2-39, SD 10.68) in NNAV group
and 13.57 (range, 7-18, SD 3.28) in NAV group. This difference was significant (p<0.001). According to the criteria of
Lewinnek et al, 96.8% in NNAV group were placed within the safe zone for abduction, 51.6% for anteversion, and 48.4%
Jfor both abduction and anteversion. In NAV group, all 30 cups (100%) were placed within the safe zone for abduction,
anteversion, and both. There were significant differences in the percentage of cup placement within the safe zone for
anteversion (p<0.001), for both abduction and anteversion (p<0.001) but not significant for abduction (p = 0.32) between
two groups. The mean operative time was 107.09 and 110.67 minutes for NNAV and NAV group respectively, this difference
was not significant (p = 0.49).

Conclusion: The present study demonstrated a significant increase in the placement of acetabular cups within the safe zone
using imageless navigation compared to freehand technique, especially at anteversion angle.

Keywords: Hip arthroplasty, Imageless navigation

J Med Assoc Thai 2014; 97 (6): 629-34
Full text. e-Journal: http://www.jmatonline.com

Acetabular component alignment has been
shown to be critical in regard to the overall success of
total hip arthroplasty (THA). Variables such as age,
sex, soft tissue quality, surgical approach, component
bearing material and fixation methods play role in
THA failure but malalignment may be one of the
most important variable”. Malalignment of the
acetabular component has been linked to increased
rates of dislocation, impingement, pelvic osteolysis,
cup migration, leg length discrepancy, and polyethylene
wear in patients undergoing THA®.
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Lewinnek et al® had defined a “safe zone”
for the acetabular component placement, which they
postulated would decrease the incidence of these
complications. The safe zone widely accepted by
various authors is abduction 0f40°+£10° and anteversion
of 15°£10°. Freehand techniques rely on manual guides
or the surgeon’s ability to estimate the cup orientation
in relation to the patient’s position on the operating
table. Using conventional techniques, placement
within the safe zone, as described by Lewinnek et al®,
remains a challenge even for experienced surgeons.
Callanan et al® determined the percent of optimally
positioned acetabular cups in 1,823 hips, and
demonstrated that 1,144 (63%) acetabular cups were
within the abduction range, 1,441 (79%) were within
the anteversion range and 917 (50%) were within the
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range for both. Digioia et al® demonstrated that 78%
of cups in freehand technique were placed outside the
safe zone.

Several researchers®® had reported that
imageless navigation was a safe and reliable technique
and resulted in more precise cup placement compared
to conventional freehand techniques. The accuracy of
imageless navigation relies on accurate digitization of
bony landmarks (anterior superior iliac spine (ASIS)
and pubic tubercle) using a metal pointer. The
imageless navigation uses the acquired landmarks to
calculate an anterior pelvic reference plane (APP), yet
overlying soft tissues, especially in obese patients, can
obscure these landmarks and potentially introduce
systematic error resulting in a tilting of the reference
plane. Therefore, imageless navigation may not result
in a significantly more precise cup placement compared
to freehand techniques. Therefore, the purpose of the
present study was to compare the acetabular component
positioning in two consecutive short-stem cementless
THA series by single surgeon without and with using
an imageless navigation.

We hypothesized that navigation would
significantly increase cup placement within the safe
zone and significantly reduce outliers.

Material and Method

The present study was approved by the
Ethic Committee of Maharat Nakhon Ratchasima
Hospital. In late 2010, we started to perform short-stem
cementless THA (Metha and Plasmacup SC; B. Braun
Aesculap, Tuttlinggen, Germany) in our hospital with
conventional freehand technique and in early 2012,
navigated hip system was introduced. Because of
the encouraging results in the literatures, we began
managing our patients with navigator. We corrected
the patients who were performed short-stem
cementless THA with conventional freehand
technique between March and December 2011 to
compare the cup alignment with the patients who were
performed THA with navigator between May and
October 2012 by single surgeon (YS). The inclusion
criteria were all patients who received short-stem
cementless THA with or without navigation with
appropriate postoperative CT scan in these periods. To
reduced bias, we excluded patients during the first
four months in both groups for early learning periods.

In non-navigated group, all procedures were
performed in lateral decubitus position with modified
Hardinge’s approach. The short-stem cementless
THA (Metha and Plasmacup SC; B. Braun Aesculap,
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Tuttlinggen, Germany) were used in all patients. Cup
orientation was aimed at 40°£5° of abduction and
15°£5° of anteversion in all cases.

In navigated group, the short-stem cementless
THA (Metha and Plasmacup SC; B. Braun Aesculap,
Tuttlinggen, Germany) were used in all patients.
All cases were performed in semilateral decubitus
position with OrthoPilot THA plus 3.2 (cup only)
software (Aesculap AG). A screw was inserted into
the ipsilateral ASIS through a stab incision. The pelvic
navigation tracker was attached to the screw. Bony
landmarks (both ASIS and pubic symphysis) were
determined and digitalized with a metal pointer to
define anterior pelvic plane (APP). All patients were
performed with modified Hardinge’s approach. After
removal of the femoral head, the deepest point of
the acetabular fossa was registered as an additional
reference point. Then using the trial cup, the natural
abduction and anteversion of the acetabulum were
determined. During reaming, the position of the
reamer was acquired by the navigation system and
surgeon was provided with real-time information about
the resulting position of the reamer (medialization,
cranialization, and antero-poserior direction) and its
orientation (abduction and anteversion) in relative to
APP as well as to the previously acquired acetabulum.
After reaching the design reaming position, the final
cup was put in place, the surgeon was provided with
real-time information about the cup position and
orientation. Cup orientation was aimed at 40°+5° of
abduction and 15°+5° of anteversion in all cases.
The final cup position was saved by the navigation
system. After finishing the cup, the femoral stem was
inserted by conventional freehand technique as in
non-navigated group.

Postoperatively, a multislice computed
tomographic (CT) scan was obtained at two months or
later for abduction and anteversion angle measurement.
The largest cup diameter on the coronal plane was
identified and the abduction angle was measured
(Fig. 1A). The anteversion angle was measured by
identifying the largest cup diameter on an axial plane
(Fig. 1B). All measurements were performed three
times and averaged by PC who was not involved with
the surgery. The demographic data such as age, gender,
body mass index (BMI), diagnosis, and operative time
were recorded and compared between two groups.

Statistical analysis

According to the results of previously
published data®, standard deviation of abduction
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Fig. 1

Postoperative CT-scan evaluation of final cup
alignment A) abduction and B) anteversion.

and anteversion measurements are expected to be
about 4° and 6° for navigation and about 7° and 14°
for freehand technique methods. Power calculations
revealed that a group sample size of 30 patients
would be sufficient to detect such a clinically
relevant difference in variability with 80% power
using Levene’s test for equality of variance at a
two-sided 0.05 level of significance.

Mean cup abduction and anteversion
between two groups were compared using t-test.
The percentage of cup placement (abduction,
anteversion and both) within the safe zone in each
groups were compared using Chi-square tests. Means
and SDs of the demographic data in both groups
were calculated and compared using t-test. A level of
p<0.05 was selected as the level of significance in
all analyses.

Table 1. Demographic data

Results
Non-navigaged group

Thirty-one cases were in the present study
group. The mean patient age was 45.5 years (range,
24-59,SD 10.4), 64.5% were men. The main indication
was osteonecrosis of the femoral head (ONFH)
(83.9%). The mean BMI was 23.63 (range, 18-32.3,
SD 4.05). The mean operative time was 107.09 minutes
(range, 80-120, SD 11.8) (Table 1).

The mean cup placement for abduction was
43.97 (range, 33-52, SD 4.44). According to the criteria
of Lewinnek et al®, 30 (96.8%) from 31 cups were
placed within the safe zone for abduction. The mean
cup placement for anteversion was 22.58 (range, 2-39,
SD 10.68). According to the criteria of Lewinnek
et al®, 16 (51.6%) from 31 cups were placed within
the safe zone for anteversion. Taking both abduction
and anteversion into consideration, 15 (48.4%) from
31 cups were placed within the safe zone (Table 2)

(Fig. 2).

Navigated group

Thirty cases were in the present study group.
The mean patient age was 45.03 years (range, 23-68,
SD 12.9), 86.7% were men. The main indication was
osteonecrosis of the femoral head (ONFH) (86.7%).
The mean BMI was 21.4 (range, 16.2-28.3, SD 3.17).
The mean operative time was 110.67 minutes (range,
80-210, SD 26.2) (Table 1).

Non-navigated THA (n = 31) Navigated THA (n = 30) p-value
Operating period March to December 2011 May to October 2012
Male 64.5% 86.7% 0.04
Age (years), mean (SD) 45.50 (24-59, 10.4) 45.03 (23-68, 12.9) 0.87
Mean BMI (range, SD) 23.63 (18-32.3,4.05) 21.40 (16.2-28.3,3.17) 0.02
Diagnosis 83.9% ONFH 86.7% ONFH 0.76
Mean operative time (minutes) (range, SD) 107.09 (80-120, 11.8) 110.67 (80-210, 26.2) 0.49
THA = total hip arthroplasty; BMI = body mass index; ONFH = osteonecrosis of the femoral head
Table 2. Overview of results
Non-navigated THA (n = 31) Navigated THA (n = 30) p-value
Mean abduction and anteversion
Mean abduction (range, SD) 43.97 (33-52,4.44) 41.37 (37-45,2.01) 0.004
Mean anteversion (range, SD) 22.58 (2-39, 10.68) 13.57 (7-18, 3.28) <0.001
Safe zone placement
Abduction 30/31 (96.8%) 30/30 (100%) 0.32
Anteversion 16/31 (51.6%) 30/30 (100%) <0.001
Abduction and anteversion 15/31 (48.4%) 30/30 (100%) <0.001
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Fig.2  The percentage of safe zone placement for

abduction, anteversion and both for non-navigated
and navigated groups.

The mean cup placement for abduction was
41.37 (range, 37-45, SD 2.01). According to the criteria
of Lewinnek et al®, all cups were placed within the
safe zone for abduction. The mean cup placement
for anteversion was 13.57 (range, 7-18, SD 3.28).
According to the criteria of Lewinnek et al®, all cups
were placed within the safe zone for anteversion.
Taking both abduction and anteversion into
consideration, all cups were placed within the safe
zone (Table 2) (Fig. 2).

There was significant difference of mean
abduction (p =0.004) and mean anteversion (p<0.001)
between two groups. Chi-square test revealed no
significant difference in the proportion of correctly
placed cups for cup abduction (p = 0.32; 96.8%
non-navigated and 100% navigated) but significant
difference in the proportion of correctly placed cups
for cup anteversion (p<0.001; 51.6% non-navigated
and 100% navigated) and both abduction an anteversion
(»<0.001; 48.4% non-navigated and 100% navigated).
There was no significant difference between mean
operative time between two groups (p = 0.49; 107.09
in non-navigated and 110.67 in navigated).

Discussion

Acetabular component malalignment has
been implicated for various complications of total hip
arthroplasty including impingement, dislocation, early
wear and loosening®. Lewinnek et al® had defined a
“safe zone” for the acetabular component placement,
which they postulated would decrease the incidence
of these complications. Previous studies had reported
a significant increase in accurate cup placement
with imageless navigation system. In this respect,
Kalties et al® demonstrated that safe zone placement

632

was increased from 14 of 30 acetabular cups with
conventional technique to 28 of 30 acetabular cups
with imageless navigation. Parratte and Argenson”
demonstrated that 57% of conventional technique and
20% of navigation were placed outside the safe zone.
This difference was significant. Hohmann et al®
demonstrated a significantly increased the percentage
of correctly placed cups within the safe zone, overall
placement for navigated cups for both abduction
and anteversion increased to 76.6% compared to
only 20% with conventional technique. Similarly,
Najarian et al” demonstrated a significant reduction
in variation from desired cup position with imageless
navigation.

Gandhi et al!'”, in a meta-analysis,
demonstrated that the number of acetabular
outliers in the navigation group was 15/140 (10.7%)
compared to 46/110 (41.8%) in the freehand group,
this difference was statistically significant. They
concluded that navigation in total hip arthroplasty
improved the precision of acetabular cup placement
by decreasing the number of outliers from the
designed alignment. Moskal and Capps'?, in an
evidence-based analysis, demonstrated that there
was a statistically significant difference in the
incident of acetabular component placement in the
safe zone, with navigated having significantly more
“safe placement” than non-navigated. In addition,
navigated had significantly fewer dislocations than
non-navigated.

Consistent with our results, we demonstrated
that 30 (96.8%) from 31 cups of non-navigated
(NNAV) group were placed within the safe zone for
abduction, 16 (51.6%) were placed within the safe zone
for anteversion and 15 (48.4%) were placed within
the safe zone for both abduction and anteversion.
In navigated (NAV) group, all 30 cups (100%) were
placed within the safe zone in abduction, anteversion
and both. Chi-square test revealed significant
differences in the proportion of cup placement within
the safe zone for anteversion (p<0.01; 51.8% NNAV
and 100% NAV), for both abduction and anteversion
(p<0.01; 48.4% NNAV and 100% NAV) but no
significant for abduction (p = 0.32; 96.8% NNAV
and 100% NAV).

Several researchers demonstrated that
imageless navigation increased the operative time when
compared with conventional freehand technique.
Kalties et al® demonstrated that the operative time was
increased by eight minutes with imageless navigation
(» = 0.11). Parratte and Argenson” demonstrated
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that navigation took a mean of twelve minutes longer
than freehand technique. Lin et al!® demonstrated
that navigation resulted in an average additional
21 minutes of surgical time. Consistent with our
results, we demonstrated that the mean operative
time was 107.09 (range, 80-120, SD 11.8) and 110.67
(range, 80-210, SD 26.2) minutes for NNAV and
NAV group respectively, this difference was not
significant (p = 0.49).

There were some limitations of the present
study. (1) There were limit number of patients and
(2) the present study was retrospective which
compared two cohorts rather than two randomized
groups. Despite these limitations, the results were of
value because the present study included patients
treated by single surgeon at a single institution
using the same implants and we used CT-scan for
evaluation the cup alignment postoperatively, which
was the gold standard.

Conclusion

The present study demonstrated a significant
increase in the correct placement of acetabular cups
within the safe zone using imageless navigation
compared to freehand technique, especially anteversion
angle. The navigation took longer in the operation,
but it did not made a significant difference.

What is already known on this topic?

Malalignment of the acetabular component
has been linked to increased rates of dislocation,
impingement, pelvic osteolysis, cup migration,
leg length discrepancy, and polyethylene wear in
patients undergoing THA®. Lewinnek et al® have
defined a “safe zone” for the acetabular component
placement that should decrease the incidence of
these complications. The safe zone widely accepted
by various authors is abduction of 40°+10° and
anteversion of 15°£10°. Freehand techniques rely on
manual guides or the surgeon’s ability to estimate the
cup orientation in relation to the patient’s position on
the operating table. Using conventional techniques,
placement within the safe zone, as described
by Lewinnek et al®, remains a challenge even for
experienced surgeons.

What this study adds?

This study demonstrated a significant
increase in the placement of acetabular cups within
the safe zone using imageless navigation compared to
freehand technique, especially the anteversion angle.

J Med Assoc Thai Vol. 97 No. 6 2014

Potential conflicts of interest
None.

References

1. Wera GD, Ting NT, Moric M, Paprosky WG,
Sporer SM, Della Valle CJ. Classification and
management of the unstable total hip arthroplasty.
J Arthroplasty 2012; 27: 710-5.

2. Kennedy JG, Rogers WB, Soffe KE, Sullivan RJ,
Griffen DG, Sheehan LJ. Effect of acetabular
component orientation on recurrent dislocation,
pelvic osteolysis, polyethylene wear, and
component migration. J Arthroplasty 1998; 13:
530-4.

3. Lewinnek GE, Lewis JL, Tarr R, Compere CL,
Zimmerman JR. Dislocations after total hip-
replacement arthroplasties. ] Bone Joint Surg Am
1978; 60: 217-20.

4. Callanan MC, Jarrett B, Bragdon CR,
Zurakowski D, Rubash HE, Freiberg AA, et al.
The John Charnley Award: risk factors for cup
malpositioning: quality improvement through a
joint registry at a tertiary hospital. Clin Orthop
Relat Res 2011; 469: 319-29.

5. Digioia AM III, Jaramaz B, Plakseychuk AY,
Moody JE Jr, Nikou C, Labarca RS, et al.
Comparison of a mechanical acetabular alignment
guide with computer placement of the socket.
J Arthroplasty 2002; 17: 359-64.

6. Kalteis T, Handel M, Bathis H, Perlick L, Tingart
M, Grifka J. Imageless navigation for insertion of
the acetabular component in total hip arthroplasty:
is it as accurate as CT-based navigation? J Bone
Joint Surg Br 2006; 88: 163-7.

7. Parratte S, Argenson JN. Validation and usefulness
of a computer-assisted cup-positioning system in
total hip arthroplasty. A prospective, randomized,
controlled study. J Bone Joint Surg Am 2007; 89:
494-9.

8. Hohmann E, Bryant A, Tetsworth K. A
comparison between imageless navigated and
manual freehand technique acetabular cup
placement in total hip arthroplasty. J Arthroplasty
2011; 26: 1078-82.

9. Najarian BC, Kilgore JE, Markel DC. Evaluation
of component positioning in primary total hip
arthroplasty using an imageless navigation
device compared with traditional methods.
J Arthroplasty 2009; 24: 15-21.

10. Gandhi R, Marchie A, Farrokhyar F, Mahomed N.
Computer navigation in total hip replacement:

633



a meta-analysis. Int Orthop 2009; 33: 593-7. 12. Lin F, Lim D, Wixson RL, Milos S, Hendrix RW,

11. Moskal JT, Capps SG. Acetabular component Makhsous M. Limitations of imageless computer-
positioning in total hip arthroplasty: an evidence- assisted navigation for total hip arthroplasty.
based analysis. J Arthroplasty 2011; 26: 1432-7. J Arthroplasty 2011; 26: 596-605.

= =l =l 4 =l 4 "9 ¥ a d o I 1] 1 o
msanyufsovneyysveatnaz Inaesuvylsuas lulsnaunnesinsesvigndn

v av

a N [ ::l 7 a
YNYN guLanys, IYITIN qULanys, Usiuyg vo35au

a9

a o

¥ o~ a o 1~ J 4’ = I Y =
SANHEN: JqJZJ‘UFJ\Hﬂm]ﬂﬂ:’[ﬂlﬂl,WflllNﬂﬁHlWWJJWﬁﬁ)ﬂinlﬂﬁflu%ifjﬂlm;‘ffniﬂﬂﬂ5(”]1!"1/80‘1/(”]?75[WﬂlWEIJJ

£

agiszavd: AnpuifSeuisuysveadnazInnioulugthensuas Wlsneununesiisesvenen

(o)

]
Jaquas3sms: Anvnlugtherdauuylilsneununesinges 31 n1g uazlsneniumeniges 30 e lagufeuiigy
ya abduction uaz anteversion YeuhasIwniien
Namsfany: ﬂ'uﬂfi"mgﬂ abduction 1417y 43.97 84m ?unqhﬁ?:ﬂ%'ﬂ@yﬁat@afu"n’aa wazimAy 41.37 aam lungu
Fnouiiumofinos Fhmﬁayﬂ anteversion (W1AY 22.58 841 Yunqhﬁ'?:i?%’ﬂaﬂﬁamafzﬁi’m uazimAy 13.57 849
unguilldnouiiamesinios An anteversion 1$19291/a0aelunguiilsnouiiunesiniosnnniingui iy
Aeumme i asesheiied ey
asi: mslspeuiunennsessgrdarliiaium anteversion vouthazmaisuinyiaoadesnnnililsneununes

115849

634 J Med Assoc Thai Vol. 97 No. 6 2014



