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Background: Interbody fusion devices (IFDs) have been in widespread clinical use for a number of years. 
While the early outcome reports contained high clinical and fusion success rates, more recently 
complications such as cage migration, subsidence and loosening have been described. We hypothesize 
that a loss of mechanical integrity results from trabecular damage accumulation, in the form of 
microdamage or trabecular fracture, occurring adjacent to an IFD subjected to load. This study seeks to 
quantify trabecular damage and its effect when adjacent to IFDs under load. 

Purpose: 1) To determine the quantity and distribution of acute, local in-vitro trabecular damage resulting 
from the presence of IFDs when subjected to load and 2) to determine the loss in mechanical properties 
due to the trabecular damage accumulation surrounding an IFD. 

Methods: Fifteen cadaveric human thoracolumbar spines were obtained for this evaluation. QCT scans of 
each spine were obtained prior to specimen preparation and bone mineral density (BMD) for each 
vertebral body was determined using a calibration phantom.  

Twenty-four vertebral pairs were cleaned of all soft tissue and potted in polymer resin following the 
removal of the posterior elements. Each vertebral pair was mounted into a fixture and attached to a 
materials test machine. Four treatment groups consisting of six specimens each were evaluated in this 
testing. Generic IFDs of two cross-sectional shapes, square and round, and mechanical damage at two 
strain levels, 1% and 2.5%, defined the four treatments. Each vertebral pair was randomly assigned to a 
treatment group and implanted with two bilateral IFDs. The mechanical testing sequence was applied 
using a trapezoidal waveform (load ramp, hold, unload ramp) and included the application of a diagnostic 
cycle to 0.4% strain before and after application of the damage cycle. The mechanical properties obtained 
from the diagnostic cycles included loading stiffness (LS), secant stiffness (SS) and stress relaxation (SR). 
Ratios of the second to the first diagnostic cycle (i.e., post-damage/pre-damage) for each property were 
compared within strain levels using unpaired t-tests and correlations between these parameters and BMD 
were performed using the Pearson correlation coefficient.  

Before and after the mechanical testing sequence, vertebrae were labeled with the fluorescents alizarin 
complexone and calcein, respectively. Following mechanical testing, vertebral halves were embedded in 
polymethylmethacrylate, sectioned, glued to acrylic slides, ground and polished to 150-200µm thickness. 
One longitudinal and two transverse sections from each vertebra were examined histologically under 
ultraviolet light to measure tissue area (T.Ar), trabecular bone area (B.Ar), and diffuse damage area 
(Dx.Ar). Bone area fraction (B.Ar/T.Ar) and damage area fraction (Dx.Ar/B.Ar) were compared within 
strain levels using unpaired t-tests and correlations between these parameters and BMD were performed 
using the Pearson correlation coefficient.  

Results: Vertebral BMDs ranged from 43.8 to 135.9 mg/cc although there was no significant difference 
between the mean BMD for each treatment group within each strain level.  

Mechanically, damage is evidenced by a degradation in the mechanical properties, i.e., a property ratio < 
1. At 1% strain, no mechanical damage was detected in any of the three mechanical parameters for any of 
the square IFD specimens. Ratio means (sd) for the square IFD group were: LS = 1.48 (0.29), SS = 1.33 
(0.26) and SR = 1.26 (0.30) and for the round IFD group were: LS = 0.93 (0.11), SS = 0.91 (0.11) and SR 
= 0.87 (0.12). There was a significant difference between the type of IFD for each ratio mean (p<0.02). At 
2.5% strain, the ratio means for the round IFD group were greater than those for the square group, 
however these differences were not significant. There was no statistical correlation of any of the 
mechanical parameters and BMD for either IFD group or strain level.  
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The types of physical damage identified in cancellous tissue include complete trabecular fracture, linear 
and cross-hatched microcracks and regions of diffuse damage. Histologic analysis of the specimen 
sections revealed the existence of each of these, however diffuse damage was, by far, the most commonly 
occurring and occurred in all specimens. Due to an histology error, all of the sections from some of the 
specimens were lost to analysis; two of the 1% round, three of the 2.5% square and one of the 2.5% round 
specimens could not be analyzed. In the remaining specimen sections, all labeled damage occurred within 
3 or 4mm of the bone-implant interface. Unfortunately, with the loss of specimen sections, little statistical 
power remained and group comparisons were not performed. Across IFD type and strain level, BMD was 
significantly correlated to B.Ar/T.Ar (p<0.001) but not to Dx.Ar/B.Ar. 

Conclusions: At the lowest strain level, significantly more mechanical damage occurred in the IFDs with 
round versus square cross-sections, although this was not repeated at the higher strain. It may be that at 
the onset of load, a consolidation of bone is facilitated by the flat bone-implant interface. In this series 
however, this effect was mitigated with additional strain. Even at the higher strain, both devices showed 
only small mechanical effects of damage. Histologic damage was found in all specimens, including those 
that did not demonstrate mechanical damage. The predominant form of physical damage to the vertebral 
bone implanted with IFDs was that of diffuse damage and this was located in close proximity to the bone-
implant interface. In this study, we did not find a relationship between BMD and either the mechanical 
properties or histologic measures associated with damage. 
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