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ABSTRACT

Deep learning-based classification of diseases from Chest X-
ray has been shown to use implicit information about the sub-
jects’ self-reported race, which could result in diagnostic bias.
In this paper, we describe and compare two approaches to in-
vestigate where racial information is located in the image:
first leveraging non-linear registration and computing atlas
differences and second using saliency maps. We compute
a map visualising the racial information between black and
white subjects and discuss whether those maps are consistent
with the model explanation.

Index Terms— saliency maps, eXplainable Al (XAl),
chest, x-ray, deep learning, atlas-based registration.

1. INTRODUCTION

Chest X-ray is a common and relatively inexpensive medical
exam for investigating many disorders and is well suited for
automated analysis using deep learning [1]. However, a recent
study indicates that a deep learning model trained to classify
diseases also learns information about the self-reported race
of the subject [2]. Naturally, this raises concerns due to the
potential consequences of racial bias during diagnosis.

Recent investigations did not reveal where the model ex-
tracted racial information in the image, something that human
experts could not visually reproduce [2], despite investigating
all available covariates and many image features. In this pa-
per, we expand on those investigations, and try to identify
where in the chest X-ray racial information is located using
explainable methods.

We use the Gichoya et al. [2] trained deep learning model
that classifies the subjects’ race with an accuracy of 97%. We
then compared 2 approaches. First, by building a race-specific
registration atlas (for white and black subjects) and compar-
ing them using bootstrap statistics. Second, we compare av-

eraged saliency maps generated by four recent interpretability
methods.

We show that both approaches provide consistent results
and point towards a similar area of the image that could hold
racial information about the subjects. We first explain our
data and methods before describing the experiments that we
conducted. Finally, we discuss the main results.

2. METHODS AND EXPERIMENTS

2.1. Data

The data from the RSNA-CXR dataset [3] was used for
comparing saliency methods. An EfficientNet Model was
trained [4] to classify no-finding from lung opacity, using 500
images in each class. For the race study, the data was sourced
from the MIMIC-CXR open-source chest X-ray dataset [5].
It includes information about race and other relevant clinical
information. We randomly selected 1000 scans from black
subjects (BS) and 1000 scans from white subjects (WS) for
testing. Racial information was self-reported by subjects. All
images that included foreign objects (wires, tags, implants,
etc.) were manually excluded from this study.

2.2. Saliency maps

Several saliency methods were employed using the TorchRay
package [6], and we selected 3 with the best qualitative re-
sults after experimentation: Gradcam [7], Extremal Pertur-
bation [6], and Rise [8]. The perturbation method required
selecting the proportion of the image to be perturbed, and we
used 10%.

We also used the RankPix method, which was imple-
mented with a slight modification [9].

RankPix requires to arbitrarily define the layers of a
model where multiplicative binary masks are computed. Each
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Fig. 1. Comparison of 4 saliency methods (lines) for 3 chest
X-ray cases (columns) for healthy subjects with negative di-
agnosis but that included foreign objects (wire, devices,...).
Most methods highlight the expected location, with GradCam
and RankPix providing superior results.

mask defines the layer features that are passed through to the
next layer. In our experiments, we used 8 layers distributed
along the depth of the model.

Starting with the deepest layer (closer to the classifier
head), the mask is initialised with “1”, meaning all the pixels
of that layer are used to compute the model output. Then,
each pixel is visited and changed to 0 while calculating the
change in the model output. The pixel with the most dif-
ference is selected and kept at O, interpreting it as the most
important pixel to explain the model’s prediction. Then, the
second most important pixel is selected using a greedy ap-
proach on the remaining “1” pixels. This process is repeated
for that layer until the model output changes its prediction
(i.e. from Black to White or vice versa).

Once a mask for a layer is computed, it is interpolated
to the previous layer using transpose convolution taking into
account the kernel size of the layers (all 1s). A similar process
of visiting pixels and retaining the ones changing the model
output is repeated for the new layer, except that the pixels
being visited are only the ones within the interpolated mask

of the previous layer.

Finally, all the masks are up-sampled to the full image
resolution (still using transpose convolution with the corre-
sponding kernel size) and averaged together to build the fi-
nal saliency map, showing the most important area of the im-
age that changes the model’s prediction (explaining the model
output). More details can be found in the original paper [9].

2.3. Comparison of saliency methods

Using the RSNA-CXR dataset, training of a ResNet34
reached an accuracy of 97.99% to classify images with no-
finding from lung opacity. For training, the no-finding class
excluded any images with visible objects (wires, tags, de-
vices, ...). We then tested images with no finding where
inorganic objects were present to investigate whether the
saliency maps would show those objects not included in the
training. Typical qualitative results are shown in Fig. 1. The
RankPix method showed sharper, smaller, and more accurate
localisation of the object(s) assessed visually by the authors.

2.4. Population atlases

We then investigated race localisation using the MIMIC-CXR
dataset. Our goal was to compare the averages of saliency
maps between WS and BS, but for that a resampling of all the
saliency maps to a common template was needed. We thus
built a population template.

First, all images were registered to a randomly selected
image using affine registration and averaged to build an initial
population template. Then all images were registered again
to this template using non-linear registration, and averaged to
construct a new population template. This process was re-
peated 5 times to yield the final population template. The
registration method was a diffeomorphic technique from the
Advanced Normalization Tools (Ants) package [10]. All reg-
istered images were assessed visually for obvious unrealistic
deformation or clipping.

2.5. Group difference and statistical normalisation

The images for the two groups of subjects (WS and BS) were
averaged independently after the previous step, to yield the
average WS and BS templates. Fig 2 illustrates the results, in-
cluding the difference between the two (as a difference map),
revealing some areas with higher and lower intensity between
the two groups. However, since the X-ray intensity is relative,
it is challenging to draw any conclusion. We thus proceeded
to normalise and quantify statistically such differences.

We randomly created 2 groups of images with exactly
half WS and half BS images, and computed the difference.
Under the null hypothesis, that there is no intensity differ-
ence between WS and BS, this should result in a flat im-
age. To account for expected variation, we repeated this 100
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Fig. 2. Average of the WS scans (left), BS scans (centre), and
the difference between the two (right).

times and computed for each pixel the mean I and stan-
dard deviation 1 of the 100 difference maps. Finally, the
difference map between WS and BS Dyy-g was normalised:
Dw-=s = (Dw=s | )=I . Asaresult, each pixel can now
be interpreted as a z-score against the null hypothesis. The re-
sults are shown in Fig 3, revealing significant differences be-
tween WS and BS (more than 5 standard deviations) around
the sternum and the shoulders.

Fig. 3. Mean (left), standard deviation (centre) of difference
maps of 100 random groupings with 50% WS and 50% BS.
The difference map between WS and BS normalised as a z-
score is shown on the right.

2.6. Population atlas of saliency maps

A second approach using saliency maps could then be used,
leveraging the same population template technique as de-
scribed above.

A model with a ResNet34 backbone was trained to clas-
sify self-reported race, yielding an area under the curve of
0.97 and 0.97 for BS and WS, respectively. More details
about the data, similar model, and the results about race clas-
sification can be found in Gichoya et al. [2].

Saliency maps were computed using the 4 methods de-
scribed in Section 2.2. The non-rigid deformation described
in Section 2.4 resulted in a diffeomorphic deformation field
that could be inverted to deform the saliency map of each
subject, originally computed in the native image space, to the
template space. Saliency maps for each group could then be
averaged to yield group specific saliency (Fig 4).

Fig. 4. Average of saliency maps for black subjects (left) and
white subjects (right) for the 4 saliency methods.

3. RESULTS AND DISCUSSION

We have described two approaches to investigate where racial
information is located within a chest X-ray. The first method
showed the calibrated difference between the 2 group tem-
plates, whereas the second method averages saliency maps
per group. The results are consistent but also present some
differences. Indeed, both approaches suggest that the X-ray
intensity of the sternum and clavicle areas are different (more
dense for white subjects).

Saliency maps are prevalent techniques to explain a deep
learning model output. Various methods exist, and we tested
4 of the more promising ones. All aim to “explain” the model
output. It is challenging to compare different saliency maps
as no ground truth is available, and all optimise the map dif-
ferently. We first qualitatively compared saliency methods by
excluding any X-ray that showed devices and wires from the
dataset during training. During testing on the X-ray that had
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been removed, we expected the saliency map to highlight the
abnormal objects. They all did, but with various usefulness.
Extremal Perturbation tended to provide a circular area and
was challenged when multiple objects were present (Fig 1,
middle column). The RISE method resulted in diffuse and
mostly uninformative maps. Gradcam and Rankpix provided
the most informative results, with Rankpix providing sharper
and more defined areas.

We also described a method comparing atlases between
the two groups. Averaging X-rays of each group and looking
at their difference ought to show where the intensity is differ-
ent. This kind of approach is routinely used for brain anal-
ysis, such as voxel brain morphometry (VBM) [11]. How-
ever, in VBM, the average of segmentations is analyzed (in-
stead of the intensity), which requires compensating for the
anatomical deformation introduced by the registration. For
chest X-rays, the X-ray absorption (x-ray intensity) was in-
vestigated instead of the anatomical differences, which pre-
sented too much dissimilitude to be meaningful in our exper-
iments. Further analysis of the anatomical variation between
groups using careful non-rigid registration will be the subject
of future work.

Comparing group intensity averages could be achieved
in a statistically meaningful way by bootstrapping the null
hypothesis to compute the z-score for each pixel. We did
not correct for multiple comparisons because the results were
very large homogeneous areas (as opposed to noisy or patchy
output).

The results using two different approaches are consistent
and point to the sternum and clavicle as candidate sources of
information. The actual physiological, anatomical, or con-
founding reasons to account for this difference remains to be
elucidated, but our work present an important first step to-
wards this goal.
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