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ABSTRACT
Objective: To report the medium-term outcome of a

modular, cementless, proximal hydroxyapatite-coated, ana-
tomical femoral stem in total hip arthroplasty (THA).

Methods: 160 consecutive patients aged 42 to 92
years (average 70) years underwent 185 cementless arthro-
plasties for primary osteoarthritis or femoral neck fractures.
All procedures were performed by a single surgeon using
the same modular, cementless, proximally plasma-coated
with dispersed titanium powder and additionally superim-
posed hydroxyapatite, anatomical femoral stem, regardless
of age and bone quality. The clinical assessment (pain,
range of motion and walking ability) is based on the re-
sults of the Merle d’Aubigne and Postel scales. Stem fail-
ure is defined as revision or impending revision due to
aseptic loosening or pain. Of the 160 patients, 21 died, and
none were lost for follow-up. In 3 of the 21 patients, the
femoral stems were revised for periprosthetic fractures af-
ter a fall at 6 weeks, 10 months, and 3.8 years. 138 patients
(162 arthroplasties) completed a median follow-up of 7.8
(range, 5.5–10.4) years. Their overall average Merle
d’Aubigne and Postel scores increased from 7.09 before sur-
gery to 16.36 after surgery. There were 5 periprosthetic frac-
tures of the femur, 2 deep infections, 3 dislocations, and 2
aseptic loosenings (one each for the femoral stem and
acetabulum).

Conclusion: The MBA femoral stem provides pre-
dictably stable fixation with an excellent medium-term re-
sult.

Keywords:  endoprosthesis, hip joint, short anatomi-
cal modular stem,

INTRODUCTION:
Cementless total hip arthroplasty (THA) has devel-

oped significantly since 1979 [1]. Currently, various femo-
ral stems are used. The shape of the implant determines
cortical contact and primary stability. Porous surfaces al-
low osseointegration. We report the medium-term result
of the use of a modular, cementless, proximally hydroxya-
patite-coated, anatomical femoral stem (MBA; Groupe
Lepine - France) in primary hip arthroplasty.

MATERIAL AND METHODS:
We examined 160 patients aged 42 to 92 years

(mean 70) years who underwent 185 cementless arthro-
plasties between April 2009 and December 2013 for pri-
mary coxarthrosis (n=159), femoral neck fractures (n=22),
avascular necrosis of the femoral head (n=2),
pseudoarthrosis of femoral neck fractures (n=1) and sec-
ondary coxarthrosis after fracture (n=1). Fifteen of the pa-
tients underwent bilateral arthroplasty consecutively and
not simultaneously with one anesthesia. Of the 96 left and
89 right hips (in 93 men and 92 women), 137 had unilat-
eral and 48 had bilateral diseases, according to Charnley’s
functional categories [2]. All procedures were performed
by a single surgeon using the same modular, cementless,
proximal hydroxyapatite-coated, anatomical femoral stem
(MBA Groupe Lepine), regardless of age and bone qual-
ity. There are 5 modular stem neck variants available for
this endoprosthesis: standard neck with a 130° angle, va-
rus neck, valgus neck, anteverted neck and retroverted
neck with a 15° deviation from the standard cervical an-
gle in the respective planes. The articulation of the neck
and stem is through a hexagonal fit of the Morse cone.
The proximal part of the femoral stem is biconical in shape
and expands to fill the proximal femur and has a meta-
physeal-diaphyseal curve of 4º. The distal end is asym-
metrical and pointed anterolaterally to eliminate cortical
stress (Fig. 1).
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Fig. 1. a) MBA femoral stem and b) The proximal
part of the MBA stem.

steel with a high nitrogen content. They were either metal
on polyethylene or aluminum oxide on polyethylene. All
acetabular components had a hydroxyapatite coating. The
types of implanted acetabular cups are MBAs. Under the
protection of prophylactic antibiotics, the operation was
performed in a lateral position through a modified lateral
Bauer-Hardinge approach. Both the femoral and acetabu-
lar parts were fixed without cement. The implanted femo-
ral stems are 1 (n=1), 2 (n=24), 3 (n=33), 4 (n=54), 5
(n=52), 6 (n=13) and 7 (n=8). In 2 hip joints, the proxi-
mal femur was reinforced with a wire cerclage as a pre-
ventive measure against periprosthetic fractures due to
severe osteoporosis. Additional screw fixation was used
in 67 endoprostheses to further ensure the fixation of the
acetabular cup. An acetabular deficiency was compensated
in one patient with the help of autologous grafts. We usu-
ally allowed a full weight bearing 6 weeks after the op-
eration.

We evaluated patients before and after surgery (at
6 weeks, 3 months, one year, 2 years, 5 years, 10 years).
The clinical assessment (pain, range of motion and walk-
ing ability) is based on the results of Merle d’Aubigne
and Postel [3]. Patients were asked specifically whether
they had pain or discomfort in the hip, the type of pain
(hesitation at starting or delayed onset of hip discomfort)
and the activity causing the pain. AP and lateral radio-
graphs were standardized using a magnification marker.
The femoral stem was analyzed according to the 7 zones
of Gruen et al. [4] with regard to the presence of radiolu-
cent lines, osteolysis, annular condensation, cortical
hypertrophy or atrophy, reactive lines and pedestal for-
mation according to the criteria of Engh et al. [5]. Failure
after stem implantation is defined as revision or impend-
ing revision due to aseptic loosening or pain. Due to the
very small sample size, the Wilcoxon test was used to com-
pare different categories of results before and after sur-
gery. The Kaplan-Meyer survival curve was used to dem-
onstrate the survival rate of the endoprosthesis.

RESULTS:
Of the 160 patients, 21 died from causes unrelated

to surgery, and none were lost for follow-up. In 3 of 21
patients (22 arthroplasties), the femoral stems were revised
for periprosthetic fractures after a fall at 6 weeks, 10
months, and 3.8 years. One patient with resection arthro-
plasty was excluded from the analysis due to infection after
an abscess in the groin from coronary stenting 5.3 years
after surgery. 138 patients (162 arthroplasties) completed
a median follow-up of 7.8 (range, 5.5–10.4) years. Their
overall average Merle d’Aubigne and Postel scores in-
creased from 7.09 (standard deviation [SD], 3.02) before
surgery to 16.36 (SD, 0.68) after surgery. The scores of
all subcategories are also increasing (p<0.001), Wilcoxon
signed rank test (Table 1).

The femoral stem is made of titanium alloy. The
proximal part has a two-layer porous coating. The bottom
layer is made of pure titanium, which is deposited using
plasma under vacuum at a very high temperature. It is 100
ìm thick and creates micro roughness without changing
the surface of the alloy. The top layer is made of hy-
droxyapatite coating with a thickness of 50 to 100 ìm,
which is deposited in powder form through a plasma torch
under vacuum (Fig. 2).

Fig. 2. AP radiograph 9,9 years after endoprosthetic
replacement of the right hip joint and 6,4 years after
endoprosthetic replacement of the left hip joint.

There are 8 different sizes. The modular neck has a
double Morse cone design and is made of cobalt chrome
alloy. The hip heads used are 28 mm diameter stainless
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DISCUSSION:
In our study, the survival rate was equal to or bet-

ter than that of other series of hydroxyapatite-coated
femoral components [6, 7, 8, 9, 10]. Cementless arthro-
plasty is becoming more and more popular. The high rate
of osteolysis, aseptic loosening, and revision associated
with earlier cementless femoral components has been sig-
nificantly reduced with better-designed implants incorpo-
rating a peripheral porous coating to inhibit particle mi-
gration and osteolysis. In addition, the proximal femoral
fixation prevents stress concentration, and the conical
distal tip reduces hip pain.

In our series,  5 (3%) of the patients had
periprosthetic fractures of the femur after a fall. The aver-
age age of these 5 patients at the time of fracture was 80
(range 73–83) years. During revision surgery, it was noted
that the femoral stems were well fixed and difficult to ex-
tract, except for the one that underwent revision 6 weeks
after the primary endoprosthetic replacement. The inci-
dence of periprosthetic fractures has been reported to
range from 0.1 to 2.1% for postoperative fractures and from
0.3 to 5.4% for intraoperative fractures [11]. These rates
have increased due to the ageing of the patient popula-
tion [12]. None of our patients complain of pain in the
front of the thigh when asked specifically. This is com-
parable to other series involving femoral stems coated
with hydroxyapatite [5, 9].

The modularity of the neck of this femoral compo-
nent is useful in both primary and revision conditions. In
primary procedures after stem implantation, leg length
correction and dislocation can still be done. In revision
procedures, cervical modularity facilitates adjustments to
leg length, dislocation, and cervical version without the
need to remove a well-fixed femoral component and also
facilitates access to the acetabular component by remov-
ing the modular neck and head. In our study, in both types
of dislocation, the change of the modular neck and head
avoids a more extensive revision requiring the removal
of a well-fixed femoral stem. Contrary to the increased fre-
quency of revision of modular hip systems, based on some
literature sources, the modular, cementless, metaphyseal-
coated hydroxyapatite anatomical femoral stem provides
predictably stable fixation with excellent medium-term
outcome.

There are no cases of intraoperative proximal frac-
tures of the femur or postoperative paralysis of the sci-
atic nerve. Two hips suffered periprosthetic fractures of
the femur after a fall at 3.8 and 6.8 years, for which the
femoral stems were replaced (Table 2).

Table 2. Postoperative complications

Complications No of Hips

Aseptic loosening of the femoral stem 1

Aseptic loosening of the acetabular cup 1

Periprosthetic femoral fracture 5

Deep infection 2

Dislocation of the endoprosthesis 3

Two hip joints developed deep infections at 3.8
years and 3 weeks, respectively, as a result of infection of
venous leg ulcers and skin colonization. Both patients
were treated with early arthrotomy, washing, debridement,
and intravenous antibiotic treatment. In both patients, the
femoral stems and acetabular cups were preserved. One
patient had recurrent anterior dislocation, in which the
variant of the modular neck and head was altered 6 weeks
after surgery. The latter had recurrent instability, for which
the head and neck of the femur were replaced after 3.3
years. All three patients have a stable hip joint. All but
one of the patients had stable and well-integrated femo-
ral stems. Similarly, all but one of the patients had stable
acetabular capsules.

There are no reactive lines at the bone-stem inter-
faces, and there is no subsidence or osteolysis in any of
the X-rays (Fig. 2). Bone remodeling in the form of corti-
cal atrophy in zones 1 and 7 due to stress shielding and
mild cortical thickening of zones 2 and 6 have been noted,
especially in patients with larger stem sizes. The average
Engh score for fixation and stability was 24.9 out of 27.
The average femoral stem fixation score is 10 out of 10
and 14.9 out of 17 for femoral stem stability.

Femoral stem survival after 10 years is 99% (95%
confidence interval, 97%–100%), with revision second-
ary to aseptic femoral loosening being the endpoint.
Endpoints were 96% (95% confidence interval, 92%–
98%) for all-cause failures (infection, periprosthetic frac-
ture and aseptic loosening).

Table 1. Mean Merle d’Aubigne and Postel clinical scores

Category (full score) Standard deviation p Value of the Wilcoxon test

Preoperative Postoperative Change

Pain (6) 2.23 (0.92) 5.47 (0.51) 3.24 (0.56) <0.001

Walking (6) 2.18 (0.90) 5.89 (0.31) 3.71 (0.87) <0.001

Range of motion(6) 2.68 (1.25) 5 (0) 2.32 (0.87) <0.001

Total (18) 7.09 (3.02) 16.36 (0.68) 9.3 (2.54) <0.001
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CONCLUSION:
The modular, cementless, proximally plasma-coated

anatomical femoral stem with hydroxyapatite and tita-
nium coating demonstrates excellent medium-term clini-
cal and radiographic outcomes in total hip arthroplasty.
With a 99% survival rate at 10 years for aseptic stem loos-
ening and 96% for all-cause failures, this implant offers
durable fixation and reliable performance across a broad
patient population, regardless of age or bone quality[13].

Clinical improvements were significant, as evidenced by
a substantial increase in Merle d’Aubigne and Postel
scores, and complications were minimal and manageable.
These results confirm that the MBA femoral stem is a re-
liable option in both primary and complex hip arthro-
plasty scenarios, combining anatomical design with modu-
lar adaptability to enhance stability, patient function, and
long-term implant survival.

REFERENCES:
1. Afghanyar Y, Kutzner KP, Pfeil J,

Drees P, Rehbein P, Dargel J.
Cementless Short Stems in Total Hip
Arthroplasty: Chances and Limits. Z
Orthop Unfall. 2023 Aug;161(4):396-
404. [PubMed]

2. Valtanen RS, Hwang KL,
Amanatullah DF, Huddleston JI 3rd,
Maloney WJ, Goodman SB. Revision
Hip Arthroplasty Using a Modular,
Cementless Femoral Stem: Long-Term
Follow-Up. J Arthroplasty.  2023
May;38(5):903-908. [PubMed]

3.  Ko³odziejczyk K, Czwojdziñski
A, Sionek A, Czubak J. Assessment of
the endoprosthesis offset in a dysplas-
tic coxarthrosis. Acta Orthop Belg.
2022 Sep;88(3):541-548. [PubMed]

4. Mevorach D, Perets I, Greenberg
A, Kandel L, Mattan Y, Liebergall M,
et al. The impact of femoral bone qual-
ity on cementless total hip
preoperative templating. Int Orthop.
2022 Sep;46(9):1971-1975. [PubMed]

5. Moon JK, Lee S, Kim CH, Yoon
JY, Lee S, Lee KS, et al. Forte ceramic-
on-delta ceramic cementless total hip

arthroplasty: an 8- to 15-year follow-
up study. Arch Orthop Trauma Surg.
2023 Sep;143(9):5475-5483.
[PubMed]

6. Stadler C, Feldler S, Stevoska S,
Schopper C, Gotterbarm T, Luger M.
Gender differences in cementless short
stem total hip arthroplasty: signifi-
cantly higher femoral lengthening in
female patients. Sci Rep. 2024 Jan
11;14(1):1154. [PubMed]

7. Goosen JH, Swieringa AJ, Keet
JG, Verheyen CC. Excellent results
from proximally HA-coated femoral
stems with a minimum of 6 years fol-
low-up: a prospective evaluation of
100 patients. Acta Orthop.  2005
Apr;76(2):190-7. [PubMed]

8. Kheir MM, Drayer NJ, Chen AF.
An Update on Cementless Femoral
Fixation in Total Hip Arthroplasty. J
Bone Joint Surg Am.  2020 Sep
16;102(18):1646-1661. [PubMed]

9. Drobniewski M, Krasiñska M,
Synder M, Borowski A. Early Results
of Total Cementless Hip Joint Arthro-
plasty with the Anatomical Stem.

Ortop Traumatol Rehabil. 2021 Jun
30;23(3):167-180. [PubMed]

10. Hernández Cortés P, Nájera
Sagastume OO, Mesa Ramos F, Pajares
López M, Hernández Hernández MA.
Hydroxyapatite-coated stems with
metaphyseal and diaphyseal press-fit.
Eleven-year follow-up results. Acta
Orthop Belg. 2002 Feb;68(1):24-32.
[PubMed]

11. Holley K, Zelken J, Padgett D,
Chimento G, Yun A, Buly R.
Periprosthetic Fractures of the Femur
after Hip Arthroplasty: An Analysis of
99 Patients. HSS Journal.  2007;
3(2):190-197. [Crossref]

12. Abendschein W. Periprosthetic
femur fractures—a growing epidemic.
Am J Orthop (Belle Mead NJ). 2003
Sep;32(9 Suppl):34-6. [PubMed]

13. Fauré F, Batailler C, Foissey C,
Servien E, Lustig S. Does the use of
shortened stems reduce early femoral
complications in total hip arthroplasty
using the direct anterior approach? Ar-
throplasty. 2025 Jul 1;7(1):32.
[PubMed]

Address for correspondence:
Valeri Stavrev
Department of Orthopedics and Traumatology, Medical Faculty, Medical Uni-
versity – Plovdiv;
66. Peshtersko shose Blvd., floor 5. 4002 Plovdiv, Bulgaria
E-mail: vstavrev@yahoo.com,

Please cite this article as: Radev S, Petrichev H, Petrov V, Ganev P, Stavrev V. Medium-term results of the use of modu-
lar, cementless, proximally plasma-coated with dispersed titanium powder and hydroxyapatite, anatomical femoral stem.
J of IMAB. 2025 Jul-Sep;31(3):6376-6379. [Crossref - https://doi.org/10.5272/jimab.2025313.6376]

Received: 30/12/2024; Published online: 07/08/2025


