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Introduction: Loss of bone stock is one of the most difficult problems to
solve in revision surgery of a total knee replacement (TKR). Particularly
behind the anterior flange of the femoral component, the bone is often too
weak to support a revision component. To improve prosthetic stability,
cemented or press-fitted intramedullary stems are often used in these revision
cases [1, 2]. However, these stems may give rise to even more bone loss by
increased stress shielding. The aim of this study was to determine the
influence of (a) the presence of a stem, (b) the stem diameter and (c) interface
bonding on the resorption patterns in the distal femur.

Methods: Computer simulations, based on finite element (FE) analysis and
strain-adaptive bone remodeling theory, were used. An FE model of the distal
femur with the femoral part of a revision TKR in place was created (Fig. 1).
Three prosthetic configurations were considered: a component without stem,
reported earlier [3], and with either a thick, canal-filling stem, or a thinner
one. The distal component was cemented to the bone, but the stem was not.
Three bonding configurations of the prosthesis were studied: fully bonded,
partly bonded and fully unbonded. In the partly bonded case, the stem-bone
interface was unbonded while the distal component was bonded. All
unbonded interfaces were assumed frictionless.

Long-term prediction of apparent bone density was based on a strain-
adaptive bone remodeling theory [4]. According to this theory bone cells are
assumed to react to local deviations in strain energy per unit of mass, relative
to the intact situation. The amount of bone resorption calculated was
characterized by the gradual changes in bone mineral density (BMD) in 5
regions of interest (ROI’s) from simulated DEXA scans (Fig. 2).
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Fig. 1: FE model of
operated femur.

Fig. 2: Simulated DEXA scan
with 5 regions of interest.

Results: In all cases, bone loss occurred particularly at the most distal part of
the femur (ROI 1 and 2 in Fig. 2 and in Table 1). Presence and thickness of
the stem did hardly affect bone resorption in those regions. The amount of
bone resorption adjacent to the stem (ROI 3 and 4) depended on the thickness
of the stem and the interface characteristics. For the fully bonded
configurations, bone loss occurred in both regions, most severely in the case
of the thick stem. In the proximal region (ROI 5) no changes in BMD were
predicted for any configuration.

Considering the total amount of bone resorption (Fig. 3), a dramatic bone
loss was calculated for the fully bonded prostheses, where more than half of
the total mass would resorb in the case of the thick stem. The mildest bone
resorption was found for the fully unbonded configurations.

Table 1: Predicted bone resorption per ROI.
BMD in remodeling equilibrium is compared to BMD directly post-operative.
Results of the prostheses with a canal-filling stem (thick) and a thinner one
(thin) and the results of the stemless design are presented.
o  no change (± 3%) --  strong decrease (30 - 60%)
-  decrease (3 - 30%) --- very strong decrease (> 60%)

unbonded partly bonded bonded
ROI stemless thin thick thin thick stemless thin thick

1 --- --- --- --- --- --- --- ---
2 - - - -- -- -- --- ---
3 o o o o o o - ---
4 o o - o - o -- ---
5 o o o o o o o o

Fig. 3: Predicted total bone resorption as percentage of the initial mass.

Discussion: Our results indicate that a solid, bonded stem produces excessive
bone loss due to stress shielding. Bone resorption could be limited to the
amount expected to disappear under a stemless component if the stem itself
could easily slide axially with respect to the bone (the unbonded and partly
bonded case in Table 1). The thickness of the stem would hardly matter in this
case.

Stems are commonly added to femoral TKR components in revisions to
improve the initial stability of the implant, which is compromized by the loss
of bone stock. However, fixation of the stem promotes stress shielding, which
increases the amount of bone resorption. It is expected that bone resorption
will jeopardize the stability in the long term. Therefore, stems may promote,
eventually, what they were intended to prevent.

References: [1] Whiteside, Clin. Orthop. 286: 160,1993; [2] Murray et al.,
Clin. Orthop. 309: 116, 1994; [3] Van Lenthe et al., J. Bone Joint Surg. 79B:
117, 1997; [4] Huiskes et al., J. Biomech. 20:1135, 1987.

 One or more of the authors have received something of value from a commercial or other party related directly or indirectly to the subject of my presentation.

 The authors have not received anything of value from a commercial or other party related directly or indirectly to the subject of my presentation.

964


