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Introduction

Based on design concepts of the proven cemented Müller 
Straight Stem (Zimmer Biomet, Winterthur, Switzerland) 
and uncemented fully hydroxyapatite (HA)-coated stems 
such as the Furlong HAC Stem (JRI Orthopaedics Ltd, 
Sheffield, UK) or the Corail Stem (DePuy Orthopaedics 
Inc., Warsaw, IN, USA), the uncemented Avenir Stem (the 
study device, Zimmer Biomet, Winterthur, Switzerland) 
was released in 2005. The stem is made from titanium 
alloy (Ti6Al4V) with a proximal macro surface structure, 
a titanium plasma pre-coating and is entirely coated with 
hydroxyapatite. It features a rectangular cross-section, a 
constant CCD angle of 135° and a 12/14 taper. It is 
implanted through a bone compaction technique that pro-
motes accurate line-to-line rasp/implant sizing designed to 
help align bone, rasp and implant resection lines. The stem 
is available in 9 Standard and 9 Lateral sizes, with smaller 

increments between small stem sizes to allow finer adjust-
ments in tight femoral canals.

A study was initiated in 2010 to enrol patients that had 
undergone total hip arthroplasty (THA) with the subject 
stem at a minimum 3 years post-op, after which they would 
be followed prospectively up to 10 years. In January 2016 
an interim study analysis was performed to evaluate the 
functional outcomes and radiographic results of the study 
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device at 7-year follow-up. The purpose of this study anal-
ysis was to evaluate the clinical and radiographic results of 
the study device at 7-year follow-up. We hypothesised that 
the subject stem will achieve similarly favourable out-
comes as compared to contemporary uncemented fully 
HA-coated stems.

Patients and methods

Between January 2006 and August 2008, 100 consecutive 
THAs in 92 patients were performed by 2 surgeons (the 
authors JMB, SB) in 2 hospitals using the study device.

The study cohort included 52 (57%) men and 40 (43%) 
women, at a mean age of 58.5 (27–87) years at the time of 
surgery. Mean body mass index (BMI) was 27.7 (21–44) 
kg/m2. No patients were excluded from analysis. 
Indications for surgery are listed in Table 1.

Operative information

Mini-incision (50%) and standard approaches (50%) were 
used to implant 22 Standard and 78 Lateral stems. The ace-
tabular components used included the Cedior press-fit cup 
in 55 hips, the Logos uncemented cup in 27 hips, the Allofit 
uncemented cup in 17 hips, and the Müller Low Profile 
cemented cup in 1 hip. All components are manufactured 
by Zimmer Biomet. A Metasul metal-on-metal bearing 
articulation (Zimmer Biomet, Winterthur, Switzerland) was 
used in 66 hips, metal-on-polyethylene articulation in 33 
hips, and a ceramic-on-polyethylene articulation in 1 hip.

Functional outcome and radiographic 
assessment

Pre- and postoperative clinical assessment was performed 
using the Harris Hip Score (HHS) by an independent 
observer. The results were classified as: excellent (90–
100), good (80–89), fair (70–79), and poor (<70).

The radiological evaluation was based on anteroposte-
rior (pelvis and femur) and lateral (femur) radiographs. 
Osteolysis and radiolucencies were recorded according 
to Gruen and Callaghan radiographic zone analysis.1,2 

Furthermore, femoral heterotopic ossification and 
changes in the stem position, including subsidence and 
loosening, were evaluated. Functional outcomes and 
radiological evaluation were performed preoperatively, 
at 3–4 years postoperatively and at 5 and 7 years, along 
with evaluation of the range of motion.

Patient satisfaction data were collected and summarised 
at the procedure level by an independent observer. At 7 years, 
82 patients (89 procedures) answered the satisfaction ques-
tion. 7 of the 82 patients underwent bilateral surgery.

Statistical analysis

Categorical data were summarised using counts and per-
centages. Continuous data were expressed as a mean and 
range. A p value of < 0.05 was considered statistically sig-
nificant. Kaplan-Meier (K-M) survivorship analyses with 
corresponding 95% confidence interval (CI) were per-
formed with the endpoints of stem revision for any reason 
and any component revision for any reason. Statistical 
analysis was performed with PASW 18 & IBM SPSS 20 
(SPSS Inc., Chicago IL).

Ethical approval

This study was approved by the French regulatory authori-
ties (CCTIRS n°10.595). Informed consent was obtained 
from all individual participants included in the study.

Results

At the time of this review in January 2016, of the 100 
THAs (92 patients) enrolled in the study, 2 patients (2 
hips) died and 2 patients (2 hips) were lost to follow-up. 5 
patients (6 hips) were revised. A total of 83 patients (90 
hips) were available for functional outcome and radio-
graphic assessment at a mean of 7 years (Figure 1).

Complications

Postoperative complications included 2 deep infections. 1 
hip was successfully treated with Rifadin and Batrim, and 
the other hip was revised at 51 months (the entire prosthesis 
was revised). Metallosis due to dislocation of the Metasul 
cup in 1 hip caused an exchange of a cup and head 6 years 
postoperatively. 2 cases of “bascule” [migration] of inlay 
(inserts not properly inserted in the shells) led both to acetab-
ular revision 6 days after the surgery. Cup pain in 1 patient 
after trauma led to a revision of the cup 3 years post-op.

Furthermore, 1 patient experienced hip instability at 1 year, 
followed by subluxation at 2 years that was successfully 
treated with traction. 1 intraoperative calcar crack was treated 
successfully with cerclage. Other complications included 1 
dislocation treated with closed reduction, 1 scar inflammation 
without reoperation, and 1 pulmonary embolism.

Table 1. Primary diagnosis.

Diagnosis n

Osteoarthritis 73
Osteonecrosis 17
Rheumatoid arthritis 3
Acute fracture 2
Post-traumatic arthritis 2
Subluxation of the hip 1
Other 2
Total 100
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Survival

The Kaplan-Meier survivorship at 7 years (Figure 2) was 
98.9% (95% CI, 92.9–99.8%; 90 hips at risk) with stem 
revision for any reason as endpoint and 94.7% (95% CI, 
87.9–97.8%; 87 hips at risk) with any component revision 
for any reason as endpoint.

Functional outcomes assessment

The mean HHS improved significantly from 50.6 points (17–
96; 98 hips) preoperatively to 93.1 points (60–100; 86 hips) at 
7-year follow-up (p < 0.0001; unpaired t-test) (Figure 3).

At the 7-year follow-up visit, in 56 cases (62.9%) 
patients reported no hip pain, in 26 cases (29.2%) slight 

Figure 1. Distribution of total hip arthroplasties at 7-year follow-up. (FUP).

Figure 2. Kaplan-Meier survival curve with 95% confidence intervals (CI), considering stem revision for any reason and any 
component revision for any reason as endpoints. 7-year survival was estimated at 98.9% (95% CI, 92.9–99.8%; 90 hips at risk) and 
94.7% (95% CI, 87.9–97.8%; 87 hips at risk) respectively.
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pain, in 4 (4.5%) mild pain, and in 3 moderate pain (3.4%). 
Mean range of motion significantly increased from 82.3° 
(30–120°) of flexion preoperatively to 104.4° (90–120°) at 
7 years (p < 0.0001; unpaired t-test). Patient satisfaction 
results showed all 82 patients (89 procedures) were satis-
fied with their hip surgery at 7 years.

Radiographic assessment

The 7-year radiographic results of 86 hips showed 6 cases 
of a non-progressive 1-mm radiolucency around the femo-
ral component in zones 1, 2, 7, 8, 11, and 14. Non-
progressive femoral osteolysis was observed in 1 patient 
on a lateral view at 7 years (3 mm in zone 8 and 2 mm in 
zones 12 and 13). Femoral heterotopic ossification was 
detected in 27 hips (31.4%) at 7 years: 23 were Brooker 
Classification grade I, none were grade II, 4 grade III, and 
none were grade IV. Stem position was 78% neutral, 18% 
in varus (2–4°) and 4% in valgus (2–8°) in the anteropos-
terior view, and 70% neutral, 15% anterior and 15% poste-
rior in the lateral view. No stem shift or subsidence was 
detected. There were no instances of stem loosening.

Discussion

The survival rate is 1 of the most important parameters to 
consider when evaluating THA outcomes.3,4 No studies 
have documented yet the results of the uncemented Avenir 
stem. However, the survival of this stem has been docu-
mented in 2 national registry reports. The 2016 report of 
the Australian Orthopaedic Association National Joint 
Replacement Registry documented a 3-year K-M revision 
rate, with revision of any component for any reason as 
endpoint, of 1.7% (95% CI, 1.0–2.9) for the Avenir Stem/

Continuum cup combination (882 THAs), and a 5-year 
K-M revision rate, with revision of any component as end-
point, of 1.0% (95% CI, 0.4–2.4) for the Avenir Stem/
Trilogy cup combination (555 THAs).5 The 16-year report 
of the New Zealand Joint Registry documented the results 
of THA performed with the study device in combination 
with 4 cups, for a total of 461 primary THA.6 The pooled 
number of revisions per 100 observed component years 
was 0.7 (Exact 95% CI, 0.4–1.2) at a mean implantation 
time of 3.6 years.

Our mid-term results of primary THA performed with 
the study device showed a 7-year K-M survival rate of 
98.9% (95% CI, 92.9–99.8), with stem revision for any 
reason as the endpoint. None of the subject stems were 
revised for aseptic loosening at 7-year follow-up review. 
The K-M survival rate of the study device is comparable 
with the 7-year survival rates of comparable contemporary 
uncemented fully HA-coated stems.

The mean HHS in the patients who reached the 7-year 
follow-up visit in our study was 93.1 ± 8.6 points, there-
fore corresponding to the excellent result category (90–
100 points).

The literature has reported good results for the simi-
lar Furlong HAC-Coated stem and Corail fully 
HA-coated stem (Table 2), and the cemented Müller 
Straight Stem.7–10

The Avenir system was designed to simplify femoral 
preparation using a broach only technique. The specific 
Avenir rasps were designed to subtly balance bone com-
paction and cortical contact where needed. Additionally, 
the rasps provide a precise size match between rasp and 
final implant, which allows the stem to seat in the same 
position as the last rasp used, thus helping to reduce ini-
tial gaps between implant and bone. We believe that this 

Figure 3. Harris Hip Score distribution by exam period.
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bone-conserving compaction broaching technique and 
the line-to-line rasp/implant sizing contributed to the 
stable fixation of the fully HA-coated stems in our study. 
Indeed, pure compaction broaching for femoral canal 
preparation has been reported in the literature for over a 
decade with early animal studies reporting improved ini-
tial stability and increased peri-implant bone density, 
including HA coated implants.11–13 The literature cites 
favourable mid- to long-term outcomes in primary THA 
using the pure compaction broaching technique.14–17 
Studies comparing outcomes of THA after use of the 
pure compaction technique in comparison to the conven-
tional broaching technique are few. A recently reported 
5-year randomised radiostereometric analysis and dual 
energy x-ray absorption study found increased migration 
of bone compaction stems compared to stems whose 
femoral canals were conventionally broached (mean 
0.34 mm vs. 0.13 mm (p = 0.01).18 Nonetheless, the 
authors cited similar complications and mean HHS 
scores at 7 years post-surgery, thus concluding that dif-
ferences in the evaluated parameters of pure bone com-
paction versus broaching were not clinically relevant. 
No stems were revised in either group.

Our study has a few limitations, including its relatively 
small study population and non-comparative study design. 
However, this is the first study documenting the results of 
this study device.

Conclusion

In conclusion, the 7-year results of THA performed with 
the uncemented Avenir stem are in line with those docu-
mented for similar stems. Longer term follow-up of this 
consecutive series needs to be performed.
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