
Contents lists available at ScienceDirect

The Journal of Arthroplasty

journal homepage: www.arthroplastyjournal .org

The Journal of Arthroplasty 36 (2021) e28ee29
Letter to the Editor
Response to Letter to the Editor on “Artificial
Intelligence to Identify Arthroplasty Implants From
Radiographs of the Hip”
In Reply

We thank the authors of the letter to the editor for their questions
and comments and appreciate the opportunity to further discuss our
work. We will respond to each paragraph individually.

In reply to the authors’ discussion regarding the sensitivity and
specificity of our results: As mentioned in our article, approximately
10% (206) of implants were used during the testing phase (approxi-
mately 80% used for training and 10% used for validation). These values
are approximations as not all implants were perfectly divisible by 10.
Using the example provided by the authors, our testing sensitivity for
DePuy Trilock was 66.7%, with two true positives and one false nega-
tive. The authors next cite our reported value for specificity (99.8%),
which is different than sensitivity and cannot be used to calculate false
negatives. Using the reported macro-averaged sensitivity value of
94.3% gives approximately 12 expected false negatives. The micro
average of sensitivity was 96.6%, which gives approximately 7 ex-
pected false negatives. The actual number of false negatives during
testing was 7. We reported the macro average of our metrics to err
on the side of caution and to avoid overstating our outcomes [1].
The largest difference between the macro and micro average of all
of our outcome metrics was for sensitivity with a difference of 0.023.

Our implementation, using TensorFlow, outputs probabilities as
correctly stated by the authors of the letter. It is correct to interpret
these softmax probabilities as how confident the model is in its
answer. There is a difference between confidence and credibility
(which implies the use of contextual information based on prior dis-
tributions), which iswhywe only used the former in our publication.

We thank the authors of the letter for suggesting vector convo-
luted neural network (CNN) outputs, which would allow us to clus-
ter output vectors into different higher-dimensionality clusters,
each of which should belong to an individual implant. This is an
interesting area of future work, although it has not been included
in our original study.

We feel that it is important to recognize that CNNs are no longer
completely opaque black boxes. While it is difficult to analyze infor-
mation flow through a CNN, it is possible to, on a large scale, deter-
mine which pixels in a given image are most important. It also is
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important to note that our implementation is a supervisedmachine
learning problem, which allows us to use class activation maps as
described in our methods [2]. We did not intentionally “focus”
the CNN on the femoral component. The model autonomously
made this decision as all of the important pixels for identifying im-
plants should reside in the area of the implant. While it is true that
other areas of the image are used by the model, using a large sam-
ple size and robust image processing techniques (e.g., augmenta-
tion) should make the model use features relevant to each unique
implant design. As stated in our article, 1.4% of images in our testing
set had gradients that were not focused on pixels containing the
implant and instead were spread throughout the image. Most
likely, these implants did not have satisfactory class activation
maps due to low number of implants in those groups. Based on
analysis of our activation maps, we do not believe that the model
was influenced by acetabular cup inclusion in this study. Future
work will focus on acetabular cups.

We thank the authors of this letter to the editor for their interest in
our work and hope that this discussion reinforces the findings out-
lined in our article and spurs interest for further study in this area.
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