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Background:  The  direct  minimally  invasive  anterior  approach  (DMIAA)  in  total  hip  arthroplasty  (THA)  is
widely  accepted.  In our department  the  DMIAA  according  to  Rachbauer  together  with  the  Trident  cup
and  Accolade  stem  was  introduced  in  2004.  The  purpose  of  the study  was  to demonstrate  the five-year
results  and to  analyze  the learning  curve  of  a new  introduced  approach.
Patients  and  methods:  Between  July 2004  and  May  2006,  a consecutive  series  of  151  THA  in 147  patients
was  retrospectively  analyzed.  All patients  were  planned  to received  a THA  with  the Accolade/Trident
implant system  using  the DMIAA  without  traction  table.  Clinical  and  radiographic  data,  complications
and  survivorship  were  documented  with  a follow-up  of  at least  5 years.
Results:  Regarding  cup  implantation,  there  were  11  (7.3%)  failed  intentions  to treat  due  to  missing  press-
fit  (8  cases)  and  acetabular  floor  perforation  (3  cases).  No  failed  intentions  to  treat  occurred  during
stem  implantation.  Total  implant  survival  after  5 years  follow-up  after  exclusion  of  11  cases  with  failed
intention  to treat  (N = 140)  was  96.9%  (SD 1.4; CI  94.3–99.6).  After  exclusion  of  the  failed  intentions  to
treat  (N  = 140, N  =  4  in  the  first  20 cases),  there  was  significant  (p <  0.001)  difference  between  the  first  16
implants  with a 5 year-survival  of  83.2%  (SD  8.6;  CI  66.4–100)  and  95.7%  (SD  0.9;  CI 93.9–97.5)  for  the
following  124  implants.  Radiolucent  lines  were  observed  in  Gruen  zone  1  in  3.3%  and  in Gruen  zone  1
and  2 in  1.1%.
Discussion:  THA  with  Accolade/Trident  using  the  DMIAA  without  traction  table  according  to  Rachbauer

temporary  exposed  patients  to a higher  risk  of  implant  revisions,  which  was  normalized  after  the first
20 cases.  Results  of the  learning  curve are  comparable  to other  techniques  using  an  orthopaedic  traction
table.  After  the  typical  learning  curve,  the  rate  of 5 years  implant  failure  is  in  accordance  with  the  registry
data  for non-cemented  implants.  The  Accolade  stem  showed  minimal  radiographic  signs  of radiolucency.
Level  of evidence:  IV,  retrospective,  consecutive  case  series.

© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

The direct minimally invasive anterior approach (DMIAA) is the
nly approach to the hip joint that does not detach tendons either
y tenotomy or osteotomy respecting an internervous plane [1].
he DMIAA without traction table has been widely used and estab-
ished. However, there is still a debate about the best approach
egarding, safety, precision, patient outcome (clinical scores) and

fficiency. In recent studies the DMIAA showed an advantage in
linical outcome in the first 6 weeks, which seems to level out after
hat [2,3]. The learning curve of this nowadays popular approach

∗ Corresponding author.
E-mail address: stefan.rahm@balgrist.ch (S. Rahm).
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has been studied in several publications. It has been shown, that
the results are worse during the first 20 to 50 cases but not
thereafter [4,5]. Together with the introduction of the DMIAA,
according to Rachbauer [6]without a traction table in July 2004, the
Accolade/Trident TMZF

®
(Stryker Orthopedics; Nahawa NJ, USA)

implants were chosen in our department for most of the primary
THA.

The Accolade/Trident implants have shown good results using
posterolateral, transgluteal and/or anterolateral approaches with a
5-year implant survival ranging from 95% to 98% [7–9]. Unknown
is the 5-year survivorship of the Accolade/Trident implant system

using the DMIAA without traction table. Therefore, the aim of the
study to was to analyze the complication and revision rate such
as the clinical and radiographic outcome of primary THA with the
mentioned implant system through the DMIAA without traction

https://doi.org/10.1016/j.otsr.2019.05.008
http://www.sciencedirect.com/science/journal/18770568
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Table 1
Patients and Demographic data.

Patients and epidemiology

Time period July 2004–February 2006
Consecutive series
patients/hips (N = )

147/151

Lost to
follow-up

18 patients deceased
7 patients abroad
1 patient not able to contact

Final study cohort
patients/hips (N = )

121/125
91 with X-ray and scores
30 only WOMAC

Mean follow-up (months) 81 ± 8 (minimal 60 months)
Mean age (years) 64 ± 13
Mean BMI (kg/m2) 26 ± 5
Mean ASA score (points) 2.1
Surgeons
(N  = )

5
senior hip consultants: 3 (hips operated
n = 128)

=
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able. Furthermore, the learning curve was analyzed including the
ery first patient treated with this new introduced approach and
mplant system.

. Methods

One hundred and forty-seven patients undergoing 151 consec-
tive THA between July 2004 and May  2006 were retrospectively

ncluded. All patients were planned to receive Accolade/Trident
MZF

®
(Stryker Orthopedics; Nahawa NJ, USA) implants through

 DMIAA without traction table using the Innsbruck technique,
escribed by Rachbauer [6,10] at our institution with a minimal
ollow up of five years (mean 81 months (range, 60 to 100)). An
ccolade

®
stem and a Trident

®
cup together with a 28 mm CoCr or

eramic ball and a highly cross linked polyethylene inlay (Crossfire
olyethylene acetabular insert) were used in all patients. The Acco-

ade stem is made of Beta-Titanium alloy and has a tapered wedge
esign. It is hydroxyapatite coated and in the proximal portion
oated with a circumferential plasma spray. Indications for primary
HA in patients were to 84% osteoarthritis, 8% avascular necrosis
nd 8% other indications like secondary to rheumatoid arthritis.

.1. Surgical technique and postoperative treatment protocol

A modified Hueter approach in the supine position was per-
ormed [11] The surgical procedure was performed according to
achbauer et al. [6,10]. All surgeries were performed under a lam-

nar air flow system and 3 doses of cefuroxime 1.5 g in an 8 hours
nterval starting 30 minutes before incision were applied. Post-
peratively, Enoxaparin-Natrium on a daily dose for 6 weeks was
dministered to all patients except those with anticoagulation for
ther reason. Weight bearing as tolerated on two crutches was  rec-
mmended for two weeks and afterwards full weight bearing was
ncouraged.

.2. Clinical assessment (N = 109 hips)

Demographic parameters, perioperative (during surgery and
ospitalisation) and late (after hospital discharge) complications
ere recorded from patient‘s charts. Clinical outcome measures,

ncluding the Harris Hip Score (HHS) [12], Western Ontario and
cMaster Universities Osteoarthritis Index (WOMAC) [13] and the

ubjective hip value (SHV) were reviewed. Patients had routine
ollow-ups at 3 months, 1 year, and 5 years.

.3. Radiographic assessment

On the standardized antero-posterior pelvic X-rays acquired
mmediately after surgery, cup position in terms of cup inclination
nd anteversion was determined. The cup anteversion was deter-
ined by the method described by Widmer [14]. Cup position was

urther classified within or outside the safe zone of Lewinnek [15].
 cup was claimed to be within the safe zone if both, inclination and
nteversion were within the safe zones. Radiolucent lines around
he stem and the cup were assessed in the standardized antero-
osterior pelvic X-rays according to the classification of Gruen or
harnley and DeLee respectively at follow-up [16,17].

.4. Statistics

A biostatistician performed the statistical analysis. A statistical
oftware (SPSS Version for Windows) was used for the calculations.

istribution of continuous variables was assessed graphically. Nor-
ally distributed data were presented as means ± SD or mean and

onfidence intervals and non-parametric data with medians and
anges. Implant survivorship in the entire series (including the 18
junior hip consultants: 2 (hips operated n
23)

deceased) was  assessed using Kaplan–Meier curve analysis with
implant revision for any reason as endpoint. All p-values were 2-
tailed and the alpha level was set at 0.05.

2.5. Ethical approval

The presented study was  admitted by the responsible inves-
tigational ethical review board (KEK-ZH-Nr. 2011-0306) and was
performed in accordance with the ethical standards of the 1964
Declaration of Helsinki. All participants gave written informed con-
sent.

3. Results

3.1. Patients

The study cohort comprised of 147 (151 hips) consecutive
patients with a mean age of 64 (range, 20 to 92) years. At the time
of final follow-up 18 (12%) patients had died, One (0.7%) patient
was not possible to contact and seven (5%) patients migrated out
of the country. None of these patients had any complications or
revision surgeries based on our knowledge. The detailed patient
flowchart and information about the patients and the demograph-
ics are depicted in Fig. 1 and Table 1, respectively.

3.2. Implant survival (N = 140 hips)

Total implant survival after 5 years follow-up after exclusion of
11 cases with failed intention to treat (N = 140) was 96.9% (SD 1.4;
CI 94.3–99.6). The cup and the stem separately had a 5 year survival
of 98.2% (SD: 1.1%; 95% CI: 96.1–100%) and 97.6% (SD: 1.2%; 95% CI:
95.3–100%) respectively (Fig. 2).

3.3. Complications requiring implant revision: (N = 151)

There were five complications leading to implant exchange. Four
of these revisions were performed in our hospital and one patient
presented in another hospital and was revised (cup and stem)
because of unclear pain but refused to give further information.
The detailed information is depicted in Table 2.
3.4. Perioperative complications: (N = 151 hips)

There were 11 (7.3%) cases with failed intention to treat
regarding cup implantation due to missing pressfit (8 cases) and
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Fig. 1. Patient flowchart with detailed information about the patients during the follow-up period.

Table 2
Detailed information about the complications leading to revision surgery.

Time to revision 0 days 6 weeks 29 months 30 months 45 months

Patients Intraoperative
stem perforation
leading to stem
exchange

Cup revision
because of hip
instability

Infection with two
stage revision

Cup and stem
exchange external
hospital because of
unclear pain

Aseptic stem
loosening and
revision

1  1a

2 1
3  1a

4 1a

5 1b

 him.

a
t
e
a
w
fl
t
w
r
i

a The first 20 cases.
b The only patient not operated by the senior consultant alone but supervised by

cetabular floor perforation (3 cases). Four of the 11 failed inten-
ions to treat were within the first 20 cases all from the same very
xperienced senior hip consultant. All 11 cases were treated with
nother cup; (6 × titanium mesh cementless acetabular component
ith screws, 2 × cemented low profile cup), In the 3 cases with
oor perforation, an antiprotrusio cage was used. No failed inten-

ions to treat occurred during stem implantation. However, there
ere 5 (3.3%) metaphyseal femoral fractures. Four of them were

ealized during surgery and treated with a cerclage wiring during
ndex surgery and one was seen in the postoperative radiograph
and treated with restricted weight bearing for six weeks. One of
three stem perforations (2%) was  treated with revision surgery the
same day during a second surgery. One was treated with restricted
weight bearing for six weeks since there was  only a small cortical
interruption. This patient showed a good clinical and radiographic
result in the following controls. One other patient was treated with

restricted weight bearing for solely 3 weeks since the stem did
touch the posterior cortex but there was  no interruption of the
cortex and the patient showed a good clinical and radiographic
result without any special events. There was one early infection
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results of a study analyzing results of 20 different non-cemented
ig. 2. Survivorship curve with the endpoint implant revision for any reason after
xclusion of 11 failed intentions to treat.

ith Staphylococcus aureus requiring a debridement and a head
nd inlay exchange 10 days postoperatively. One superficial wound
ebridement was performed 18 days postoperatively because of a
elayed wound healing.

.5. Luxations: (N = 125 hips)

There were three hip dislocations. Two of them had an ade-
uate trauma 18 and 29 months after surgery and were successfully
reated with closed reduction. One patient had a cup revision
or inadequate cup placement six weeks after index surgery and
howed a good result afterwards.

.6. Clinical Outcome (N = 109 hips)

The median value at the 5 year follow-up for the WOMAC  (0
est; 10 worst) items pain, stiffness and function were: 0.00 (range:
–6.5); 0.00 (range: 0–7.5); 0.15 (range: 0–6.8). The difference
etween values before surgery and at 5 year follow-up was  sta-
istically significant for all items (p < 0.001).

The mean increase of the HHS was 49 and statistically signifi-
ant (p < 0.001). The median value of SHV at final follow-up was 90
range: 5–100).

.7. Radiographic Analyzation: (N = 79 hips)

A radiographic evaluation was possible in 79 hips. Localization
ithin the safe zone of Lewinneck were reached in 59% of the cups.
adiolucent lines of > 1.5 mm or more were observed in Gruen zone

 in 3.3% and in Gruen zone 1 and 2 in 1.1%. No radiolucency around
he cup was detected.

.8. Learning curve

The implant survival for the first 20 implants was  compared
o the following 131 prosthesis for learning curve analysis. 4 of
1 patients with failed intention to treat were within the first 20
ases. After exclusion of the failed intentions to treat (N = 140), the
earning curve was still significant (p < 0.001) with a 5 year survival
f 83.2% (SD: 8.6%; 95% CI: 66.4–100) of the first 16 implants and

5.7% (SD: 0.9%; 95% CI: 93.9–97.5%) for the following 124 implants
Fig. 3). A detailed listing of the surgeons and the complications and
evisions is depicted in Table 3.
Fig. 3. Comparison of survivorship curves of the first 16 and following 124 THA‘s
after  exclusion of 11 failed intentions to treat with endpoint revision for any reason
representing a learning curve.

4. Discussion

In this case series of 147 patients with 151 primary THA through
the DMIAA without traction table using the technique described
by Rachbauer, there were good to excellent results after a learn-
ing curve of 20 cases. For the anterior minimally invasive surgical
approach using a leg holder, a learning curve with a significant
increase of the 5 year survival between the first 20 implants and
the following 130 from 79% to 97% was suggested [4]. In our study,
a similar learning curve for the technique proposed by Rachbauer
with a 5 year survival of 83% of the first 16 (4 of the first 20
were failed intentions to treat) implants and 96% for the follow-
ing 124 implants was  shown. In both techniques, there were far
more complications in the first 20 cases. This is in line with other
learning curve studies for the DMIAA [5,18,19]. Therefore, it has
to be acknowledged that the change to the anterior approach to
the hip when implanting a THA is associated with a higher com-
plication rate in the first 20 cases. This applies to both techniques,
with or without traction table. To minimize these complications,
the DMIAA should be trained on cadavers. After feeling comfort-
able with the anatomy the first 20 cases may  ideally be performed
together with an experienced hip surgeon using the DMIAA to
avoid the typical complications like poor cup placement, over-
reaming and fracture of the greater trochanter or the metaphysis
[4,5,18–21]. However, it can be stated when analyzing our data
carefully, that the surgeon with the most experience still had the
most complications during the learning curve. The following sur-
geons, however, could profit from the learning curve of the first
surgeon and had fewer complications during their first 20 THA (see
Table 3). There were 11 (7.3%) cases with failed intention to treat
due to problems with the cup preparation or implantation. The
cup positioning was  implanted within the safe zone in 59%. These
results are comparable to the results of the Versafit/Quadra series
with 63% of cups positioned within the safe zone [4] but inferior to a
recently published study indicating 73% of conventional implanted
cups are in the safe zone [22]. One explanation is that we did not use
intraoperative fluoroscopy for the cup positioning regularly at that
time. But in our series, there was only one patient who underwent
revision surgery due to repetitive dislocation regarding poor cup
placement (0.7%). Therefore, our results are in line or even lower
than the dislocation rate ranging from 0.6%–2.2% proposed in the
literature of THA through the DDA [23–28].

The 5-year implant survival of the Trident cup after exclusion
of the failed intentions to treat with 98% is in accordance with the
acetabular components implanted between 1984 and 2004 in the
Mayo Clinic [29]. In our series, no radiolucency was  seen around the
cup at the latest follow-up. A previous study reported radiolucency
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Table  3
Detailed information about each surgeons complications leading to revision surgery and also intraoperative fractures and stem perforations.

THA
per-
formed
N =

Failed
intention to
treat cup:
N = 151

THA Revision
(any implant):
N = 140

Revision cup:
N = 140

Revision stem:
N = 140

Aseptic stem
loosening and
revision:
N = 140

Intraoperative
metaphyseal
fracture:
N = 151

Stem
perforation:
N = 151

Senior Consultant
(Head)

90 9 (4) 4 (2) 3 (2) 3 (2) 0 4 (3) 1 (1)

Senior  Consultant (vice
head)

10 1 0 0 0 0 0 1

Senior  Consultant 22 0 0 0 0 0 1 0
Junior  Consultant
under supervision

6 0 1 0 1 1 0 0

Junior  Consultant 1 8 0 0 0 0 0 0 1
Junior  Consultant 2 15 1 0 0 0 0 0 0
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[

[

[

[

Total  151 11 5 3 

umbers in () are during the first 20 cases.

n the zones I and II of Charnley and DeLee of 1.9% and 2.5% in
one III respectively [30]. Those authors combined the Trident cup
ith the Hipstar cementless stem and used the lateral transgluteal

pproach. The mean follow-up was only 3.4 years and in their series
.5% stem loosenings have been reported, what is almost 5 times
ore than in our series with 0.7% after a mean follow-up of 63
onths.
Especially for the Accolade stem, there was  a study indicating

ccurrence of radiolucency > 1.5 mm  in 3 zones in 10% of the stems
fter 2 years associated with lower questionnaire scores [31]. In
hat study of White et al. [31], the 5 year survival with revision for
septic loosening was 97% (95% CI: 95.6%–98.4%) with a mean fol-
ow up was 26.7 months with a range between 0.5 and 60.5 months.
herefore, the results are still in accordance with the Australian reg-
stry data. In their series, THA‘s were implanted through a Hardinge
pproach by 6 surgeons.

A new prospective multi-center evaluation indicates a 5 year
urvivorship of 99.4% (95% CI: 96.3%–99.9%) with revision for asep-
ic loosening and 97.9% (95% CI: 94.6%–99.2%) revision for any
eason [7]. These results are in accordance with another earlier
tudy indicating a 5 year survival with revision for any reason of
7.4% [8] and also with our results showing a 5 year survival of
7.6% (95% CI: 95.3–100%) of the Accolade stem. Furthermore, radi-
lucency of more than 1.5 mm around the stem after 81 months
ccurred in zone 1 in only 3.3% and in zone 2 in 1.1% and not in
ther zones. Therefore, the Accolade stem is a reliable implant with
ood radiographic results after 5 years.

This study has substantial limitations. First of all, it is a retrospec-
ive study with the typical problems including not having all data
vailable. Furthermore, some patients were disabled and therefore
ould not show up for the f-up appointment. Nevertheless, except
ne single patient, who was not able to trace (he was  treated in
nother hospital) we have information from all patients regarding
evision surgery. Therefore, we believe to have a valid case series
o make a sincere scientific statement.

. Conclusion

THA with Accolade/Trident using the DMIAA without traction
able according to Rachbauer temporary exposed patients to a
igher risk of implant revisions, which was normalized after the
rst 20 cases. Results of the learning curve are comparable to other

echniques using an orthopaedic traction table. After the typical
earning curve, the rate of 5 years implant failure is in accordance

ith the registry data for non-cemented implants. The Accolade
tem showed minimal radiographic signs of radiolucency.

[

[
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