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introduCtion
The primary stability of uncemented implants can 
be evaluated in experimental set-ups by monitoring 
bone-implant micromotions. Digital image correlation 
(DIC) is a relatively novel tool, which previously has 
been applied mainly to explore full-field displacements 

and strain fields, but is also very useful to calculate the 
relative displacements between bone and implant. 
In the current study, we aimed to assess the primary 
stability of an uncemented femoral knee implant 
using DIC, under two different loading configurations.

Figure 1:  A) Gait set-up. ROIs at the posterior condyles are indicated. B) Speckle pattern and displacement distribution.

materiaLs and methods
Six femora were prepared following the normal 
surgical procedure. Calibrated CT-scans of 
the bones were obtained to measure bone 
mineral density (BMD). After implantation of the 
appropriate size uncemented LCS® femoral knee 
component (DePuy Synthes, IN, USA), a black-
and-white speckle pattern was applied to each 
specimen (Fig.1). The micromotion measurement 
was repeated three times in nine regions of interest 
(ROIs): the medial and lateral condyles from the 
posterior view; anterior, distal, and posterior regions 
from the medial and lateral views; the proximal tip 
of the anterior flange. The reconstructions were 
subjected to a gait load (2223N, 16 ° of flexion, 
35–65 % lateral-medial ratio, Fig.1A) and a fraction 
of the peak force of a deep knee bend (DKB) to 
prevent fracture of the proximal femur (either 40 % 
or 50 % of 2156 N based on the implant size, 90 ° 
of flexion, 45–55% lateral-medial ratio). The loads 
were derived from the Orthoload database using 

implant-specific inverse dynamics [Fitzpatrick et al., 
2012]. To compare micromotions under gait and 
DKB loads, the micromotions under gait load were 
determined under load levels that were equally 
reduced to the DKB load fraction by capturing 
videos from three ROIs.

resuLts
A wide range of micromotions was found  
(2–442 μm) due to the variation in the BMD  
[89–200 mg/cm3] and differences between ROIs. 
A non-linear correlation was found between the 
load and micromotion for the gait load, while a 
linear relationship was found for the DKB load 
(Fig.2A). Significantly higher micromotions on 
either the medial or lateral sides were found for the 
gait and DKB loading configurations, respectively 
(Fig.2B). Only in the lateral side significantly higher 
micromotions were found under DKB load in 
comparison with the gait load.
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Figure 2:  A) The correlation between micro-motion and load 
for one bone (anterior and medial-posterior views) 
B) Regional micro-motions for the two loading 
conditions.

disCussion
Preclinical assessment of the primary stability 
of orthopaedic implants is essential. This study 
has shown that DIC is a suitable technique to 
investigate the stability. We have found that to 
capture the complex behaviour of the implant, it is  

important to measure micromotions in multiple ROIs. 
Depending on the loading configuration different 
correlations between load and micromotion were 
found, possibly due to the lower level of the DKB 
load. We have also found that the higher medial 
load during gait resulted in a higher range of 
medial micromotions, while this was not the case 
for the DKB load, which indicates the differences 
as a result of loading configuration. In addition, 
the significant effect of BMD on the micromotion 
indicates the role of patient bone quality on the 
implant primary stability. The regional micromotion 
results as measured can serve as validation data for 
micromotion simulations based on finite element 
analysis.

This research was sponsored by DePuy Synthes Joint 
Reconstruction, Leeds, UK.

reFerenCes
•  Fitzpatrick et al, Comput Methods Biomech Biomed 

Engin, p. 360, 2012.


