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Abstract

Introduction: Proximal bone loss in the revision surgery of the femoral stem is the main challenge surgeons are faced
with while carrying out artroplasthy revision. The aim is to get components’ stable fixation as well as restoration of the
joint kinematics.

Materials and Methods: We evaluated 37 patients (39 femoral revisions), between 2010 and 2014, who received distal
fixation non-cemented conical stems (28 modular ones and 11 non-modular ones). Average age was 63.5 years old. We in-
cluded 18 (48.64%) females and 19 (51.35%) males. We operated on 14 (35.89%) cases of aseptic loosening, 14 (35.89%)
infections, 7 (17.94%) peri-prosthetic fractures, 3 (7.69%) stem fractures and one (2.56%) instability. Average follow-up
was 42 months (24-74 range).

Results: The average Harris score improved from 37 (10-77 range) before the surgery to 81 (33-96 range) at last follow-
up. Four patients (10.2%) showed dislocation, one (2.5%) had deep infection; another one (2.5%), intra-operative fracture;
in three (7.6%) patients, there was subsidence and it was necessary to revise 2 (5.1%) femoral implants.

Conclusions: Conical stems have showed satisfactory results in 2 to 6-year follow-up, under diverse circumstances of
femoral revision. The procedure takes a simple and reproducible technique, with medical improvement widely published.
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REVISION FEMORAL CON TALLO CONICO DE FIJACION DISTAL

Resumen

Introducciéon: La pérdida de hueso proximal en la cirugia de revision del vastago femoral es el principal desafio que
enfrenta el cirujano al efectuar una revision. El objetivo es obtener una fijacién estable de los componentes, asi como la
restauracion de la cinemdtica de la articulacion.

Materiales y Métodos: Evaluamos a 37 pacientes (39 revisiones femorales), entre 2010 y 2014, a quienes se les coloca-
ron tallos cénicos no cementados de fijacion distal (28 modulares y 11 no modulares). La edad promedio fue 63.5 afios. Se
incluyé a 18 (48,64%) mujeres y 19 (51,35%) hombres. Se intervinieron 14 (35,89%) casos de aflojamiento aséptico, 14
(35,89%) infecciones, 7 (17,94%) fracturas periprotésicas, 3 (7,69%) fracturas de vastago y una (2,56%) por inestabili-
dad. El seguimiento medio fue de 42 meses (rango 24-74).
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Resultados: El puntaje medio de Harris mejoré de 37 (rango 10-77) antes de la operacion a 81 (rango 33-96) en el ultimo
seguimiento. Cuatro pacientes (10,2%) presentaron luxacién, uno (2,5%) tuvo una infeccién profunda; otro (2,5%), una
fractura intraoperatoria; en tres (7,6%) pacientes, se produjo un hundimiento y fue necesario revisar 2 (5,1%) implantes

femorales.

Conclusiones: Con el vastago cénico se han logrado resultados satisfactorios en 2-6 afios de seguimiento, en varias
condiciones de revision femoral. Requiere de una técnica simple y reproducible, con una mejoria clinica ampliamente

publicada.

Palabras clave: Revision de cadera; tallo de fijacion distal; revision femoral.

Nivel de Evidencia: IV

Introduction

Total hip arthroplasty (THA) has come as a break-
through for patients with terminal hip osteoarthrytis.
Indications and the absolute number of primary THAs
increase on a yearly basis and so does the number of pa-
tients that require revision surgery due to THA failure.
The main challenge that the surgeon gets faced with while
carrying out arthroplasty revision is to get stable fixation
of the components, as well as kinematics restoration of
the joint, considering deformity and, above all, the bone
stock deficit in this kind of patients.

Bone loss secondary to osteolysis, infection, fracture,
or to the need for sacrificing bone tissue during the re-
moval of the previous components has been managed by
means of different kinds of techniques and implants.'*
Impaction of bone graft by long cemented stems, mega-
prosthesis and proximal femur alloprosthesis are op-
tions, although they are technically demanding and are
associated with high complication rates; therefore, they
are spared for femur bone deficit where distal fixation is
not possible.

When it is possible to get diaphyseal fixation, non-ce-
mented revision stems represent a good choice;” they can
be cylindrical, conical, monoblock or modular implants,
or grooved stems designs. '*'* More than 90% of femoral
revisions can be dealt with using these kinds of implants
(fluted or porous-coated stems). These long non-cemented
stems are designed to overlap proximal bone deficit, with
minimal distal fixation of 4-7 cm to provide the system
with stability. Moreover, there are reports on low failure
rates, longer duration (5 to 10 years) and good functional
results. 16

Conical stems are designed following the Wagner’s
stem principles, with conical geometry for distal axial sta-
bility and three-point fixation, and longitudinal fluting for
rotation stability. '*!1> Modular designs offer the potential
advantages of fitting in and restoring limbs length, offset,
version, and proximal bone stocking. 118
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Objectives

The aim of this study is to report our experience in hip
arthroplasty revision with distal fixation conical stem and
a minimal follow-up of two years, and to assess the dura-
tion of the implants and the Harris hip score, as well as the
complications and re-surgeries associated with the use of
these stems in complex femoral revisions.

Materials and Methods

Thirty-seven patients were subject to revision surgery
(39 femoral revisions) between 2010 and 2014. We used
modular (28 cases) and non-modular (11 cases) distal fix-
ation non-cemented conical stems. All the patients had a
minimal follow-up of two years, with average follow-up
of 42 months (ranging from 24 to 74).

At the time of the surgery patients averaged 63.5 years
old (ranging from 30 to 81, standard deviation= 13.3). We
included 18 (48.64%) females and 19 (51.35%) males. In
14 revisions (35.89%) the indication was aseptic loosen-
ing, and in 14 (35.89%) it was infection (two-staged revi-
sion); revisions were performed after peri-prosthetic frac-
ture in seven cases (17.94%), stem fracture in three cases
(7.69%) and instability in one case (2.56%). As regards
pre-operative X-ray assessment, two patients (5.1%) had
a type II Paprosky defect; 15 (38.4%), a type IIIA; 11
(28.2%), a type IIIB; and four (10.2%), a type IV. Among
those cases operated on because of peri-prosthetic frac-
ture, four patients (10.2%) were Vancouver B2 and three
(7.6%), Vancouver B3. We carried out an arthroplasty
first revision in 23 hips (58.97%), a second revision in
14 (35.89%), and a third one in two (5.12%) (Table 1).
We used the modular stems ZMR® (Zimmer®), Previ-
sion® (Aesculap®), MPTM (Link®) and Arcos® (Biom-
et), and the non-modular stems VEGA® (Baumer). We
determined the pre-operative and post-operative average
Harris score.




Table 1. Baseline demographic and medical data about
the patients’ cohort

AVERAGE AGE 63.5 +13.3
Females 18 (48.64%)
Males 19 (51.35%)

INDICATION FOR REVISION
Aseptic loosening
Infection

14 (35.89%)
14 (35.89%)

Peri-prothetic fracture 7 (17.94%)

Stem fracture 3 (7.69%)

Instability 1 (2.56%)
PREVIOUS THA REVISIONS

First revision
Second revision

23 (58.97%)
14 (35.89%)

Third revision 2 (5.12%)
FEMORAL BONE DEFICIT (PAPROSKY)

Type I 0 (0%)

Type II 2(5.1%)

Type IITA 15 (38.4%)

Type 11IB 11 (28.2%)

Type IV 4 (10.2%)
PERI-PROSTHETIC FRACTURE (VANCOUVER)

A 0 (0%)

Bl 0 (0%)

B2 4 (10.2%)

B3 3 (7.6%)

C 0 (0%)

Surgical approach included extended throcanteric os-
teotomy in 20 (51.28%) cases. The femoral component
removed was a cemented stem in 20 (51.28%) cases, a
non-cemented stem in five (12.82%) cases and a cemented
spacer with antibiotic in 14 (35.89%) cases. The acetabu-
lar cup was revised in 24 (61.53%) of the cases.

Pre-operative planning included the X-ray assessment
of the previous implant and that of the femoral bone defi-
cit, which was classified as stated by Della Valle and Pa-
prosky.” We always carried out pre-operative planning
using the implant template, so as to make sure that distal
fixation was adequate; we required minimally 5-cm di-
aphyseal distal fixation. When such fixation was not pos-
sible, we decided to use another surgical technique. 73
All the patients were operated on in lateral position with
posterior-lateral surgical approach.

For fixed cemented and non-cemented stems, we usu-
ally perform extended throcanteric osteotomy for better
visualization and easier implant removal. Osteotomy is
extended up to plug level or the distal end of the stem. If
this procedure hampers minimal diaphyseal distal fixation
of 5 cm, osteotomy should be shorter, prioritizing remain-
ing fixation. We added at least one prophylactic wire loop
distal to the osteotomy. We started with progressive rigid
conic reamers until we reached fixed and stable resistance
at pre-established depth. In the case of modular implants,

after inserting the definite femoral stem and reaching fixa-
tion, we used proximal reamers for the implant body, in-
serting it at proper version and depth as outlined by the
stability verified with sample implants.

Immediately after surgery, patients were routinely al-
lowed weight bearing as tolerated with the aid of a walker.
The patient who had undergone an intra-operative peri-
prosthetic fracture was made to limit weight bearing par-
tially during six weeks until X-ray bone healing. All the
patients received antibiotic prophylaxis pre-operatively
and immediately after the surgery, and antithrombotic
therapy for 30 days.

Post-operative follow-up was at weeks 3, 6 and 12, at
month 6 and one year after the surgery; later on, patients
were seen once a year. Medical examination included
pre-operative and last follow-up Harris hip score. X-ray
checkup (anterior-posterior bi-lateral hip X-ray; anteri-
or-posterior and lateral femoral X-ray) was performed
before the surgery, immediately afterwards, at week 6,
at month 6 and one year after the surgery. The immedi-
ately post-operative X-ray series was taken as reference.
When early subsidence of the femoral component was
inferred, serial X-rays were taken six weeks apart until
verifying stem stabilization or deciding to revise the stem
instead. Subsidence was determined evaluating the dis-
tance between a landmark on the stem and a landmark
on the femur. Differences of 5 mm or greater between
them verified in the immediately post-operative X-ray
and comparatively at last follow-up were considered as
stem subsidence.?

For statistical analysis we used the Stata/ MP 14 pro-
gram (StataCorp, 2015, Stata Statistical Software; Re-
lease 14; StataCorp LP, College Station, TX, USA). We
used p <0.05 to establish statistical significance.

Results

Average follow-up was 42 months (standard error=
7.12); 25% of the patients were subject to follow-up up
to five years after the surgery or more (Table 2). The ave-
rage Harris score improved from 37 (ranging from 10 to
77) before the surgery to 81 (ranging from 33 to 96) at
last follow-up. Before the surgery, 75% of the population
showed values<55 and only 5%, >70. After the surgery,
this score shows different behavior, with distribution dis-
placed significantly (p<0.05) towards greater figures; this
way, the range between these scores (before and after the
surgery) was, on average, 44.23 (standard error= 3.36).
Table 2 shows that, as from percentile 10, the Harris score
following the surgery is already higher than 70 marks (in
other words: 90% of the patients showed scores>70). As
regards subsidence, the summarized statistical data show
homogeneous distribution around approximately 3 mm,
because only 5% of the patients studied showed figures
greater than 13 mm.
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Table 2. Summarized figures of the study and patients’ main characteristics

S N N O T B

Follow-up (month)

Previous Harris score 37.1
Post-operative Harris score 81.26
Difference between scores 44.23
Subsidence (mm) 2.88

2.82

3.23 16 19 55 70
1.97 71 75 89 95
3.36 16 24 61 73
0.72 0 0,3 3 13

P, P, P.y P, represent, respectively, the 10, 25, 75 and 95 percentile sample figures. SE= standard error.

In our series, the complications rate associated with
the use of this kind of implants was 25.3%.Three patients
(7.6%) had subsidence>12 mm. Average subsidence for
this series was 4.04 mm (ranging from O to 17). Two pa-
tients, with subsidence= 12 and 13 mm (showing symp-
toms), were subject to X-ray checkups until verifying
stabilization and bone ingrowth, throughout the first year
following the surgery. Only one case with subsidence= 17
mm required stem revision for this reason.

Four patients (10.2%) suffered dislocation events. One
case received closed setting with no recurrence, but the
other three cases required the acetabular component revi-
sion with constrained insert (one case) and replacement
of the femoral head for a longer one (one case), with no
recurrence of the episode either.

One patient (2.5%) received treatment for deep infec-
tion. Due to failure in surgical toilet, it was necessary to
remove the implants. Other patient (2.5%) suffered a non-
displaced and incomplete intra-operative fracture, dis-
tal to the stem, which healed with no incidents in X-ray
checkups. There were no cases of femoral false passages.
With respect to the stems that required revision (5.1%),
one patient suffered slow subsidence that reached 17 mm
and stem loosening, apart from pain and an increase in the
difference between limbs. In this case, the stem was re-
placed by a longer one that was cemented with impaction
bone grafting technique. Another patient suffered deep in-
fection and it was necessary to remove the femoral stem.
Implant duration of the femoral revision for any reason by
the Kaplan-Meier’s analysis was 92.3% (Figure 1). In our
series, surgical revision rates for any reason were 12.82%.
Implant duration was analyzed considering complica-
tions such as dislocation and subsidence> 12 mm. As
regards the latter, prosthesis duration showed associa-
tion with neither patients’ sex (p= 0.931) nor patients’
age (p=0.361). Moreover, the risk of subsidence>12 mm
was not associated with the pre-operative Harris score
(p=0.186), although there was a mild indirect range ten-
dency (p=0.094) between the pre-operative and the post-
operative Harris score, what suggests that, the greater the
range, the lower the probability of showing subsidence
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figures<12 mm. Implant duration, analyzed by dislocation
standards, followed a similar pattern, i.e. it was associated
neither with patients’ sex (p=0.414, nor with the pre-op-
erative Harris score (p=0.310), nor with pre-operative and
post-operative range differences (p=0.186). Probabilities
of implant duration following dislocation showed no as-
sociation with osteotomy (p=0.316). Figures 1 and 2 show
homogeneous behavior in (dislocation) duration curves in
the study population with respect to some traits asked for.
Finally, the correlation between pre-operative (and post-
operative) Harris score and the patients’ age was not sig-
nificant (p=0.919).

Discussion

This study reports a current experience in hip revision
with distal fixation conical stems and follow-ups between
two and six years. It shows high duration of the implants
considering functional traits, complications and re-surger-
ies.

The main challenge the surgeon gests faced with in re-
vision is to get stable fixation in both components. When
the proximal femur is significantly distorted by fracture,
bone stock deficit or lack of bone tissue following THA,
it is necessary to get prosthetic stabilization distal to the
area of the weakened bone so as to succeed in revision. ¢

There are reports on results with cemented femoral com-
ponents in failed THA revisions with failures rates= 17%-
60% at 2 to 8-year follow-up.*'> Therefore, revision with
non-cemented stems has become a better option (Table 3).
The main consideration at the time of choosing a conical
stem is to make sure that the great limb forces are reli-
ably transmitted. There is a vast contact area between the
reamed femoral surface and the conical stem.! Due to the
stem geometry, which implies greater proximal diameter,
the load bearing area by length unit of the proximal femur
contact area is greater than the distal one.?* This is why
conical stems guarantee high axial stability and the femo-
ral canal can be quite precisely prepared using conic ream-
ers and implementing techniques easily reproducible.
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In terms of medical results, this piece of research did
not find significant differences as compared to short- and
mid-term results already reported (Table 3). Jibodh et
al.» evaluated 54 femoral revisions with modular coni-
cal stems at five-year follow-up, with final average Har-
ris score of 81, with no peri-prosthetic infections and five
dislocation events. Kang et al.'® evaluated 39 revisions
with 2 to 5-year follow-up and improvement in Harris
score from 47 to 72—similar to our study.

It has been proved that modular stems are more pre-
cise at the time of restoring limbs length,?® but proximal
modular designs have not reduced dislocation rates as
compared to cylindrical or monoblock conical stems.
Modular conical stems show dislocation rates between
3% and 19%. *"*In spite of using modular design in all
cases, the Revision Total Hip Arthroplasty Study Group®
reported instability rates of 6%, similar to those seen in
both cylindrical and conical monoblock implants. ! 3
This study shows that patients subject to multiple sur-
geries, with likely deficit of the abductor system, run a
high risk of dislocation, even when hip biomechanics is
restored. In this high risk group there are options such as
big femoral heads or constrained implants. In this study,
10% of the patients suffered dislocation, which is consis-
tent with what we describe.

Out of the total number of revisions assessed in this
study, 36% of the results were good due to deep infec-
tion. Although medical history of deep infection can af-
fect negatively the prosthesis duration,*-?in this study
group failure rates due to infection proved low. Lakstein
et al.2evaluated 84 femoral revisions with 2-year follow-
up; deep infection rates were 2.4% with satisfactory solu-
tion at last follow-up. This study detected only one case
(2.5%) of peri-prosthetic infection.

Meek et al. found fracture rates of 18% (including
femoral perforation and diaphyseal fracture during stem
insertion) in a recent evaluation of 211 consecutive THA
revisions carried out with distal fixation stems. ** Other
authors have similar or even higher rates of intra-oper-
ative fracture, like 15% with porous-coated implants in
revision of hip arthroplasty. 3 Among our patients, there
was only one case of intra-operative fracture (during the
insertion of the stem).

Subsidence in distal fixation stems is a highly acknowl-
edged complication. With non-modular Wagner-type con-
ical stems, there are reports on >5 mm subsidence in 48%-
54% of the patients, with stabilization in high percentages
after 3-13 months.** Kang et al. reported >5 mm subsid-
ence in more than 15% of their cases;' in Lackstein et
al’’s series, only 3% of the subsidence cases was progres-
sive and associated with symptoms, and required revision
surgery.’’ In diverse studies, subsidence was related to a
smaller prosthesis, osteoporosis, insufficient metaphyse-
al support and extended femoral osteotomy. As in these
studies, most of the subsidence cases in our series (7.6%)
showed no symptoms and got stabilized within the first
year. Only one patient required revision. Our results to-
gether with the ones already published > '3 suggest that an
inadequate selection of the stem diameter and a smaller
prosthesis can often cause progressive subsidence.

This study has two limitations that are worth mention-
ing: patients were not selected randomly, and there is no
control group that can be used as reference. This, along
with the need of longer follow-up so as to evaluate long-
term complications (which are likely in this type of sur-
geries), could result in vagueness in our inferences and
reliability in the evaluation of the implant duration in case
of complications or relevant events.

Table 3. Results of published series about non-cemented femoral revision

Study Year Stem Number
type of revisions

Bohm and Bischel 2004  Non-modular conical stem
Kang et al. 2008 Modular conical stem
Krishnamurthy 2007 Non-modular porous-

et al.* coated cylindrical stem

Lakstein et al.”’ 2010 Modular porous-coated

cylindrical stem

Amanatullah et al.?® 2015 Modular conical stem

2016  Non-modular and modular

conical stem

Our series
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Follow-up Implant Functional
(years) duration score

8.1 (5.1-14.1) 95,20% Merle d’ Aubigné

7,7 — 14,4
39 (2-5) Harris 47 — 72
297 8.3 (5-13) 2,4% mechanical Merle d’ Aubigné

failure 4,8 — 10,2
72 7 (5-10) 93,10% Harris 39 — 72
92 6.4 (2-12) 97% Harris 38 — 69
39 3.4 (2-6.16) 92,30% Harris 37 — 81




Conclusions

Conical femoral stems come as solutions for diverse
femoral problems such as aseptic loosening, infection,
peri-prosthetic fracture and instability. They require a
technique simple and reproducible, with medical im-
provement widely published. It is necessary to have at

least 5-cm support at distal diaphyseal level. When such
support does not seem likely due to distal bone deficit or,
exceptionally, when the femoral canal’s diameter is great-
er than the largest conical implant’s, alternative therapeu-
tic approaches seem to be necessary, such as impaction of
bone graft, alloprosthesis or proximal femur replacement,
which is not free from further complications.
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