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Background

Hypothesis: Computed tomography (CT) technologies available in the clinical setting may be used to identify key landmarks of the
ossicular chain, facilitating production of ossiculoplasty prostheses adapted to individual patient’s anatomy.

Background: Ossiculoplasty is a technically demanding procedure. One limiting step of this surgery is the intraoperative sizing of
the prosthesis to the patient. Improper sizing of a prosthesis places patients at risk for poor sound conduction or prosthesis
extrusion. High resolution CT (HRTCT) and cone beam CT (CBCT) technologies offer rich detail of a temporal bone anatomy, may
diagnose the degree of ossicular chain necrosis and perhaps predict the proper sizing of prosthesis to be used in ossiculoplasty.

Methods: A total of 4 cadaveric temporal bones were used for this study. Each bone was imaged with micro-CT, HRCT, and CBCT
scanners. Three dimensional models were generated using Slicer 4.63. Validity of landmarks identified in high-resolution CT and
cone beam CT was confirmed through comparison to micro-CT models.

Results: Both high-resolution CT and cone beam CT scans may be used to accurately predict prosthesis size for ossiculoplasty.

Conclusions: High resolution CT and cone beam CT technologies offer surgeons foresight into the prosthetic requirements of a
patient’s ossiculoplasty. By utilizing such technology, physicians may decrease intraoperative times and surgeon-related error of
such procedures.
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Validity of Predicting Prosthesis Size for Ossiculoplasty from either High 
Resolution CT or Cone Beam CT Scans

Ossiculoplasty is a technically demanding procedure involving the repair of a disrupted ossicular chain. In cases with a damaged
incus and preserved stapes superstructure, a partial ossicular reconstruction prosthesis (PORP) is commonly utilized for repair.
After implantation, a PORP bridges the stapes superstructure directly to the malleus handle or tympanic membrane, thereby
improving sound conduction in instances of disruption at the incus.

Ossiculoplasty hearing outcomes are subject to numerous factors, including prosthesis sizing. PORP size is chosen
intraoperatively through inspection of middle ear anatomy, making prosthesis sizing dependent on the subjective judgement of the
surgical team. A shortened prosthesis will have inadequate sound conduction while lengthened prosthesis may cause sound
frequency shifts. Additionally, incorrect sizing may lead to suboptimal hearing outcomes and increased risk of extrusion
(Schmerber et al. 2005).

Preoperative planning has been enhanced with advancements of imaging technologies. Improvements in both high resolution
computed tomography (HRCT) and cone beam computed tomography (CBCT) allow for greater clarity of patient’s internal
structures providing surgeons the opportunity to better prepare for an operation. CBCT provides exciting opportunities in
comparison to HRCT due to its decreased examination time, reduction in image distortion from patient movement, decreased
costs and greater than 50% reduction in radiation exposure at the temporal bone (Faccioli et al. 2009). Additionally, CBCT has
shown success in its ability to predict the continuity of the ossicular chain in 25/25 patients, including detection of long process
necrosis (Dalchow et al. 2006).

Our team has developed a novel incus prosthesis which recreates the normal anatomy of the ossicular chain with hopes of
reproducing sound conduction better than conventional prosthesis. The prosthesis must be sized to fit between the stapes and
malleus as a substitution for a normal incus. We would like to assess the utility of sizing this prosthesis via HRCT and CBCT.

Patients with conductive hearing loss may undergo ossiculoplasty to improve their hearing. PORPs have unreliable hearing
outcomes, especially long term. Our team has developed a novel prosthesis as a replacement of PORPs, which may be
customized to a patient’s middle ear anatomy. In this study we looked at the utility of measuring incus anatomy with both HRCT
and CBCT. Although the sample data set was small, we are pleased with the accuracy of both imaging modalities, especially
CBCT. An exception to this is the lenticular process length, which could not be well determined. This may be overcome in future
endeavors with more accurate imaging machinery or a modular prosthesis. We believe in the future we will be able to accurately
predict the proper sizing of a custom prosthesis preoperatively to improve ossiculoplasty hearing outcomes.
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High Resolution CT

4 left temporal bones were received from the Lewis Katz School of Medicine anatomy lab. All
temporal bones were trimmed down to accommodate the microCT scanner. After trimming, the
bones were imaged with HRCT, CBCT and microCT. The DICOM files from all imaging modalities
were then analyzed utilizing the same methodology. First, a 3D render of the incus and stapes super
structure was extracted. Using Slicer 4.63 (https://www.slicer.org), a render may be extracted with
the Volume, Volume Render, Volume Crop, and Editor modules. From the 3D render, the following
measurements could be taken with the Q3DC module: Articulating surface height (1), Short process
length (2), Long process length (3), Long process angle (4), and Lenticular process length (not
shown). The measurements from the HRCT and CBCT were then compared to the microCT. The
data taken from the HRCT and CBCT was also used to generate simulation prostheses with the
appropriate sizing which were subjectively compared against the microCT 3D render.

Imaging Resolution
MiicroCT: 26 um HRCT: 670 um CBCT: 200 um

Methods and Materials

Cone Beam CT Micro CT

Measured Distance Mean Relative 
Difference

Percent 
Difference Min Difference Max 

Difference S.D.

Articulating Surface Height 2.94 -0.052 -1.84% 5.55% 21.51% 16.00%
Short Process Length 4.43 0.51 10.54% 2.78% 17.00% 6.58%
Long Process Length 6.50 -0.27 -4.31% 2.31% 15.86% 8.34%
Lenticular Process Length 0.70 0.32 27.11% 1.55% 62.25% 27.26%
Long Process Angle 54.22 1.87 3.30% 0.77% 10.78% 5.17%

High Resolution CT vs. Micro CT

Measured Distance Mean Relative 
Difference

Percent 
Difference Min Difference Max 

Difference S.D.

Articulating Surface Height 2.98 -0.09 -3.26% 1.78% 11.40% 8.89%
Short Process Length 4.69 0.25 5.26% 0.45% 12.44% 7.04%
Long Process Length 6.34 -0.10 -1.63% 2.60% 6.03% 4.95%
Lenticular Process Length 0.50 0.52 49.03% 32.20% 52.02% 13.03%
Long Process Angle 54.71 1.39 2.48% 0.48% 4.21% 2.09%

Cone Beam CT vs. Micro CT

Both tables above compare the results measured from four left temporal bones by the various imaging modalities. All lengths are
measured in mm and angles are described in degrees. Mean is the arithmetic mean of all calculated lengths found by either
HRCT or CBCT. Relative difference is the arithmetic mean of the difference of the calculated length and microCT measurements,
while percent difference is the mean of the percent difference in relation to microCt measurements. Min and Max difference are of
the absolute percent differences. Standard deviation is calculated from the percent differences

High Resolution CT vs. Cone Beam CT
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Discussion

The graph above is a comparison of the accuracy of HRCT and CBCT in regards to recording the lengths of incudes in a left
temporal bone. Data is expressed as the average percent difference between measurements found by the stated imaging modality
and that of microCT in relation to microCT. Standard error of the mean is shown by the error bars. Lenticular process length was
not included in the graph for scaling purposes.

In this study we compared the utility of detecting incus anatomy from HRCT and CBCT for the purpose of predicting the sizing of a
novel prosthesis to be used in ossiculoplasty. Measurements of the articulating surface height, short process length, long process
length, long process angle and lenticular process were measured. With the exception of lenticular process length, all
measurements were found to be in an acceptable range of error in comparison to our control, microCT. Articulating surface height,
short proses length, long process length, and long process angle had an average absolute percent difference within ~10% for
HRCT and ~5% for CBCT. Lenticular process length average percent difference was 27% and 49% for HRCT and CBCT,
respectively.

Unfortunately for this study, only a small sample set of data could be collected. Limited by costs and availability, only 4 temporal
bones could be analyzed. As a preliminary study, we verified the possibility of utilizing these technologies for the pre-operative
design of a custom ossicular prosthesis. With such a small sample set, statistical significance could not be achieved in the
differentiation of HRCT and CBCT as which is the more accurate imaging modality in this setting. For both arms of this study,
lenticular process length could not be accurately determined. With a decreased ossification and microscopic anatomy, both the
lenticular process and capitilum head would be difficult to detect by most imaging modalities. Thus these results could be
expected.

In the future, we would like to continue to collect more data on the accuracy of these imaging modalities. We believe CBCT will
have significant utility for this developing project. With minimal radiation, costs and image acquisition time and potentially higher
accuracy then HRCT, CBCT can be an effective method for prosthesis planning. Future studies will analyze the hearing outcomes
and biocompatibility of implanted prostheses.


