
ORIGINAL PAPER

Core decompression and osteonecrosis intervention rod
in osteonecrosis of the femoral head: clinical outcome
and finite element analysis

Thilo Floerkemeier & André Lutz & Udo Nackenhorst &
Fritz Thorey & Hazibullah Waizy &

Henning Windhagen & Gabriela von Lewinski

Received: 31 August 2010 /Accepted: 28 September 2010 /Published online: 24 October 2010
# Springer-Verlag 2010

Abstract The osteonecrosis of the femoral head implies
significant disability partly due to pain. After conventional
core decompression using a 10-mm drill, patients normally
are requested to be non-weight bearing for several weeks
due to the risk of fracture. After core decompression using
multiple small drillings, patients were allowed 50% weight
bearing. The alternative of simultaneous implantation of a
tantalum implant has the supposed advantage of unrestrict-
ed load bearing postoperatively. However, these recom-
mendations are mainly based on clinical experience. The
aim of this study was to perform a finite element analysis
and confirm the results by clinical data after core
decompression and after treatment using a tantalum
implant. Postoperatively, the risk of fracture is lower after
core decompression using multiple small drillings and after
the implantation of a tantalum rod according to finite
element analysis compared to core decompression of one
10-mm drill hole. According to the results of this study, a
risk of fracture exists only during extreme loading. The
long-term results reveal a superior performance for core
decompression presumably due to the lack of complete
bone ingrowth of the tantalum implant. In conclusion, core
decompression using small drill holes seems to be superior

compared to the tantalum implant and to conventional core
decompression.

Introduction

Core decompression (CD) represents an established tech-
nique for treatment of early stages of osteonecrosis of the
femoral head (ONFH). This therapeutic principle was
developed by Ficat and Arlet in 1962 during diagnostic
“functional exploration of bone” [6]. CD is supposed to
reduce the intraosseous pressure and accomplish reperfu-
sion [21]. However, other studies have not confirmed the
initially promising results. Thus, alternative methods have
been developed to prevent destruction of the joint.
Modifications such as additional implantation of bone-
marrow cells, growth factors, fibular grafting or implanta-
tion of a tantalum implant are described [4, 8, 10, 13–15,
17, 19, 21, 23, 24]. However, these additional procedures
are thought to be associated with an increased donor-side
morbidity [21]. Isolated CD on the other hand is associated
with a lack of structural support. This lack after CD using a
10-mm drill leads to the recommendation of non-weight
bearing postoperatively for several weeks, restricting patients’
daily activities for several weeks. The treatment of CD
combined with the implantation of a tantalum osteonec-
rosis intervention implant (TI) in addition to CD by
multiple 3.2-mm drill holes has been recommended to
reduce the risk of fracture after surgery. For both
techniques the advantages of conventional CD were
ensured. However, the postoperative recommendations
are mainly based on clinical experience.

Thus, this study performed a finite element analysis
(FEM) of CD using a 10-mm drill and CD via multiple
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small 3.2-mm drill holes as well as CD combined with the
insertion of a TI. Thereby, the postoperative risk of fracture
and the long-term behaviour of bone ingrowth after the
different techniques was simulated by FEM. Clinical
experience and MRI were used to confirm the FEM data.

Methods

Finite element analysis

Geometric modelling

A computer aided design (CAD) model of a left human
femur was generated from computed tomography data.
Segmentation and shape reconstruction techniques were
used. A necrotic area of 90° in antero-posterior and lateral
views within the stress-bearing area of the femoral head
were added according to Kerboul et al. [11]. For the
simulation of the TI, necessary dimensions were gained
from the manufacturer (Zimmer Germany GmbH, Freiburg,
Germany). A length of 95 mm with a 10 mm diameter and
14 mm threads was chosen. The entrance point was located
in the subtrochanteric lateral cortex of the femur. The apex
of the implant was placed 5 mm within the necrotic area.
This situation without the implant represents the situation
for CD using a 10-mm drill. For CD via multiple drill holes
a model was created according to Mont et al. [14]. This
technique was simulated with five drill holes of 3.2 mm
entering the lateral femur at the same point as the tantalum
implant.

Finite element model

Based on the CAD models, FEM models were constructed
using linear tetrahedrons. The models consist of 43,500
elements with 8,637 nodes (TI model) and 82,666 elements
with 14,418 nodes (CD model). All models were meshed
with linear tetrahedrons.

Loads and boundary conditions

This model was fixed at its distal end, which represents
equivalent physiological conditions. A so-called static-
equivalent load case was chosen. This long-term load
collective was obtained by an inverse simulation approach,
proposed and executed previously [7, 12]. This case
comprised nine major muscle forces and the joint force of
the femur.

A macroscopic continuum approach with a smeared
bone mass density was applied for describing the bone
material. The strain energy density for the linear elastic case
represented the stimulus for bone remodelling.

Computational study

Several situations were simulated. The preoperative state
was defined by physiological bone mass density. For
simulation of the postoperative state after insertion of the
TI, the region of the final implant was clarified by the
characteristics of tantalum. For the CD models the bone
mass for these drill regions was set close to zero. An initial
stage of ONFH was assumed so that for simulation no
changes of bone characteristics in the femoral head were
made. These conditions were presumed in order to evaluate
the risk of subtrochanteric fractures.

An analysis of postoperative stage, extreme loads during
stumbling and peak loads during walking down stairs were
simulated. Von Mises stresses were determined in order to
compare multidirectional stresses. The von Mises stress is a
scalar equivalent stress, which is used to compare the results to
the tensile strength of bone [22]. It can be used to predict
yielding of materials under any loading condition from
results of simple uniaxial tensile tests. Furthermore, the
simulation of remodelling and ingrowth behaviour for the
long-term state after the different treatments was performed.

Clinical analysis

Tantalum osteonecrosis intervention implant

In the Department of Orthopaedic Surgery of the Hanover
Medical School between 2003 and 2007, 23 ONFH in 19
patients were treated with CD combined with the implan-
tation of a TI (Zimmer Trabecular Metal Technology,
Warsaw, IN, USA) (Fig. 1). This TI has a porous structure
with stiffness similar to physiological bone. The implant
shows a good biocompatibility. Details were described in
previous studies [2]. The diagnosis of ONFH was estab-
lished by clinical and MRI diagnosis. A follow-up was
performed by MRI and clinical assessment including the
Harris hip score [8]. Furthermore, the MRIs were analysed
to gain information about possible bone ingrowth in the
implant and such radiological phenomena as a liquid seam
around the implant were determined. The advantage of the

Fig. 1 A tantalum osteonecrosis intervention implant (Zimmer
Germany GmbH, Freiburg, Germany)
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TI was supposed to be a structural support allowing full
postoperative weight bearing as tolerated. High-impact
loading such as jumping was not permitted for 12 months.
During clinical follow-up the rate of complications includ-
ing fractures was assessed.

Core decompression via multiple drill holes

In addition, in the same department CD by multiple drill holes
using a K-wire (3.2 mm, Aesculap AG, Tuttlingen, Germany)
was performed over several years. This type of treatment was
replaced temporarily because of the initially encouraging idea
of the TI. From 2007 the postoperative procedure included
partial load bearing at approximately 50% weight for five to
six weeks using crutches according to the recommendation of
Mont et al. [14]. In case of bilateral CD, two crutches were
used for a four-point gait. After five to six weeks, the
patients were advanced to full weight bearing as tolerated.
High-impact loading such as jumping was not permitted for
12 months. Since then, 25 patients with 29 ONFH were
treated by CD via multiple drill holes followed by the
Tantalum Implant procedure.

A clinical follow-up including a questionnaire was
performed, which included information about complica-
tions such as fractures. MRI follow-ups were conducted in
13 patients in order to determine possible effects of the CD.

Results

FEM analysis

Preoperative simulation

The preoperative simulation determined a von Mises stress
of approximately 10 MPa.

Postoperative simulation

After simulation of CD and insertion of a TI, all models
revealed an increase of stress at the regions of drill holes
and the implant. While the von Mises stress for CD using a
10-mm drill was 22.2 MPa and via multiple small drilling
21.5 MPa, the stress for the insertion of the TI was slightly
higher (22.6 MPa).

Furthermore, the peak loads while walking down stairs
were analysed. The maximum von Mises stresses were
73.5 MPa for the CD via single 10-mm drill hole, 59.7 MPa
for the CD model via multiple small drilling and 74.6 MPa
for the TI model (Fig. 2a, b).

In case of stumbling, von Mises stresses increased to
88.8 MPa for CD using a single 10-mm drill and to
86.0 MPa using multiple small drillings. The stresses for
the TI were slightly greater at 90.4 MPa.

Long-term simulation

The long-term remodelling revealed a completely recov-
ered subtrochanteric region after CD of a single 10-mm
drill hole and after multiple small drillings of 3.2 mm to
an almost preoperative status. Thus, the von Mises
stresses were similar to the preoperative stresses
(∼10 MPa). This differed from the results of the TI
simulation showing only partial bone ingrowth. The
long-term simulation revealed stresses of about
25.1 MPa at the former entrance point of the drill hole.
The simulation of walking downstairs in the long-term
state investigated for both CD models gave von Mises
stresses of about 28 MPa at the drilling entrance rising
to about 40 MPa in the ventral direction. The von
Mises stresses for the TI were 72.9 and 62.6 MPa in the
ventral and the dorsal part of the drilling entrance,
respectively.

Fig. 2 Lateral view on the
proximal femur illustrating the
von Mises stresses (MPa) after
core decompression via multiple
drills holes (a) and after
insertion of an osteonecrosis
intervention implant (b) for
postoperative simulation
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Clinical findings

Tantalum osteonecrosis intervention implant

The postoperative treatment of the TI patients allowed full
load bearing as tolerated. No fractures occurred apart from
one patient who suffered a subtrochanteric fracture due to
an adequate trauma (Fig. 3).

Analysing the MRIs with regard to the ingrowth
behaviour, in some cases a slight seam of liquid was visible
surrounding the implant (Fig. 4).

Core decompression via multiple drill holes

After CD via multiple 3.2-mm drill holes patients were only
restricted to 50% load bearing for five to six weeks.
Afterwards they were allowed unrestricted load bearing. In
no case did a subtrochanteric fracture occurred.

In MRI, former drill holes were hardly detectable
because of the bony ingrowth (Fig. 5).

Discussion

CD represents an established technique for ONFH in its
early stages. Variations of these methods exist. All of them
necessitate at least partial weight bearing to allow regener-
ation of the necrotic area. Nevertheless, depending on the
risk of postoperative fracture, differences in the postoper-
ative recommendations exist. The aim of this study was to
compare FEM data with clinical experiences and MRI of
these different techniques: CD combined with TI and CD
using a single 10-mm drill and via multiple small 3.2-mm
drill holes. The FEM determined a lower risk of fracture for
CD via multiple small drill holes, which may allow earlier

partial or full load bearing. Furthermore, the analysis of the
assumed long-term bone ingrowth behaviour showed
differences between CD and CD combined with the TI.
The long-term remodelling revealed a completely recovered
subtrochanteric region after CD. The simulation of the
implant showed only partial bony ingrowth. Due to
difficulties in transfering information from FEM analysis
directly to clinical application, the theoretical investigations
from the FEMwere compared to clinical experience andMRI.

Fig. 4 MRI of a patient 25 months after insertion of the tantalum
implant revealing a slight liquid seam around the implant

Fig. 3 Postoperative X-ray after osteosynthesis and increasing
consolidation of a subtrochanteric fracture after insertion of the
tantalum implant

Fig. 5 MRI of a patient two years after core decompression using
multiple drill holes without residues
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This study confirmed the FEM data regarding load bearing
and long-term bone ingrowth.

Load bearing

The FEM revealed that CD using multiple 3.2-mm drill
holes allowed postoperative unrestricted load bearing. For
activities such as walking and climbing stairs, neither for
the solitary CD via multiple drill holes nor for the TI do the
determined stresses imply a risk of fracture. Only in cases
of stumbling, did the stress peaks result in values of the
lower range of tensile strength so that a fracture could
occur. In the literature, variation within the ultimate stress
exists between 78 MPa and 150 MPa [3, 5, 16, 25].
Furthermore, for extreme loads during stumbling, the loads
were about four times greater than during normal walking.
The FEM simulated stumbling with a corresponding increase
to 800% body weight according to Bergmann et al. [1]. This
would lead to maximum von Mises stresses of 86.0 MPa for
CD via multiple small drill holes, 88.8 MPa for CD using a
10-mm drill and 90.4 MPa for the TI model. Thus, these
stresses were on the lower range of what in the literature may
be considered as ultimate stress.

The postoperative recommendation after insertion of TI
included unrestricted weight bearing as tolerated. Further-
more, the weakening of the femoral neck by CD via
multiple drill holes was estimated to be small enough to
allow full load bearing. In clinical routine patients were
maintained at approximately 50% weight bearing for five to
six weeks postoperatively using crutches according to the
recommendation of Mont et al. [14]. In case of bilateral
CD, two crutches were used for a four-point gait. After five
to six weeks, the patients were advanced to full weight
bearing as tolerated. High-impact loading such as jogging
or jumping was not allowed for 12 months.

In clinical observation of 23 ONFH treated with a TI,
one subtrochanteric fracture occurred after an adequate
trauma, which required treatment with an osteosynthesis
plate. In all other cases after insertion of the TI no fracture
was visible although the patients were allowed full-weight
bearing after two weeks. Similar experiences exist for CD
via multiple drill holes. No fracture in the subtrochanteric
region or the femoral neck occurred.

Thus, the FEM can be confirmed by clinical results. It
can be concluded that full-load bearing postoperatively is
possible for both methods of treatment without relevant
increase of the risk of fracture. Nevertheless, to encour-
age regeneration of the necrotic area partial-weight
bearing postoperatively should be recommended for the
initial weeks.

Comparing the complications after insertion of the TI
with previous literature, Nadeau et al. determined one

subtrochanteric fracture four weeks postoperatively within a
group of 18 ONFH [15]. A similar case of a subtrochanteric
fracture after insertion of the TI was described by Fung et
al. [9]. Two other studies analysing the treatment of TI
revealed no fracture [17, 21].

The risk of fracture after CD using a 10-mm drill ranges
between 0 and 10%. In most studies only rarely inter- or
subtrochanteric fracture were described (less than 2.5%)
[18–20]. Camp and Cowell [4] mentioned an incidence of
intra- and postoperative fracture (4 of 40 ONFH) exceeding
previously published reports. However, a study analysing
CD using multiple small drill holes revealed no fracture
[14], which described the supposed lower comorbidity of
this modified procedure.

Thus, summarising the results of this study, the TI and
CD via multiple small drill holes is associated with a lower
risk of fracture, so that earlier load-bearing is possible
compared to CD using a 10-mm drill. Thus, especially in
patients with bilateral ONFH, CD via multiple small drills
holes should be preferred to CD using a 10-mm drill.

Long-term evaluation

For long-term evaluation the CD, especially via multiple
small drill holes, seems to be superior compared to the TI
regarding the ultimate stress determined by FEM. The
reason for this is the complete replenishment of the drill
holes with new bone (Fig. 5). This is based on the defect of
the subtrochanteric corticalis which does not regenerate
completely in contrast to CD. Furthermore, the ingrowth
behaviour of TI is questionable. The FEM does not support
the assumed complete bony ingrowth. Thus, increased
stresses emerge throughout the treatment. This can be
supported by clinical data. In a few cases in the MRI after
implantation of the implant a slight seam of fluid could be
detected surrounding the implant (Fig. 5). This gives a hint
of absence of complete bone ingrowth.

Previously, FEM was used to evaluate treatments of ONFH
(e.g. intertrochanteric osteotomy, rotational osteotomy or
bone grafting). However, up to now no simulation was
performed to determine the stresses after CD or after
insertion of a TI. Up to now it was uncertain whether
FEM analysis can be directly transferred to clinical
practice. This study contributes insights because it
compares the simulation by FEM with clinical experience
and MRI. However, it must be noted that for the FEM
analysis only mechanical and no biological considerations
were considered. The number of cases treated with CD
using multiple small drill holes and the implant procedure
is small, because the recommendation of earlier load
bearing was indicated by the results of the FEM data.
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Conclusion

In conclusion, the FEM can be confirmed by clinical
experience and MRI. CD using multiple small drill holes is
preferable compared to CD using a 10-mm drill and
compared to the insertion of the TI for to two reasons:

1. For CD via multiple drills holes as well as for the
insertion of a TI postoperative load bearing is possible.
Thus, this technique seems to have a benefit especially
in patients with bilateral ONFH. (Nevertheless, a
restriction should be considered to allow regeneration
of the ONFH.)

2. Regarding long-term results CD seems to be superior
regarding the risk of fracture due to the probable lack of
complete bone ingrowth of the TI.
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