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ABSTRACT

Introduction: Yearly around 21 thousand adult patients visit our tertiary hospital’s emergency department after suffering
from high or low energy trauma. Skeletal radiographs, being inexpensive and widely available, are the firstline imaging mo-
dality. Recent studies are showing encouraging results of the use of artificial intelligence in the detection of bone fractures.
The main objective of this study is to compare the diagnostic accuracy between a medical-grade artificial intelligence
(Al) software (BoneView®, Gleamer) and orthopaedic surgeons of various levels of expertise for the detection of bone
fractures in a tertiary hospital’'s emergency department.

Methods: Retrospective analysis of a series of posttraumatic radiographic examinations, including only adult patients
with plain radiographs of limbs or pelvis obtained after a recent trauma. Exclusion criteria were patients with cast
control radiographs, images with inadequate radiographic quality, and examinations showing only obvious fractures. The
diagnostic performance of the Al software and six orthopaedic surgeons was measured by sensitivity, specificity, and
area under the receiver operating characteristic curve [AUC]).

Results: The Al software had 91.3% sensitivity (95% Cl: 82.03-96.74) and 97.3% specificity (95% Cl: 93.22-99.26),
with 0.95 AUC [95% CI: 91.3-98.8; p <0.001). All six readers had inferior results in every measure obtained, with slight
differences between them.

Conclusion: Our study demonstrated that the BoneView® software has a high diagnostic capacity for fractures and, in
this regard, can be considered a useful tool in the emergency department.
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RESUMO

Introducéao: Anualmente cerca de 21 mil adultos recorrem a urgéncia do nosso hospital terciario por traumatismos
de pequena ou elevada energia. A radiografia, de acessibilidade imediata, € geralmente o primeiro exame diagnadstico
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realizado. Recentemente a inteligéncia artificial (IA) na salde expandiu-se para o diagnéstico de fraturas, com

resultados encorajadores.

O objetivo deste trabalho € comparar a acuidade diagndstica de fraturas de um software de |A (BoneView®, Gleamer)
com ortopedistas de diferentes graus de diferenciacdo no servico de urgéncia de um hospital terciario.

Métodos: Analise retrospetiva de uma amostra de radiografias realizadas no contexto de trauma, incluindo adultos

gue realizaram pelo menos 1 incidéncia radiografica do esqueleto apendicular. Excluidas imagens radiograficas de

seguimento, baixa qualidade ou com apenas fraturas ébvias. O desempenho diagnéstico do sistema IA e ortopedistas

incluidos foi avaliado através da sensibilidade, especificidade e area sob a curva ROC [AUC).

Resultados: O sistema IA demonstrou uma sensibilidade de 91,3% (95% Cl: 82,03-96,74) e especificidade de
97,3% (95% CI: 93,22-99,26), com uma AUC de 0,95 (95% CI: 91,3-98,8; p <0,001). Em média estes valores foram
ligeiramente inferiores para todos os ortopedistas, com pequenas diferencas entre eles.

Concluséo: O nosso estudo mostrou que o software BoneView® tem uma elevada capacidade diagnéstica para

fraturas e, nesse sentido, podera assumir-se como uma ferramenta Util no servico de urgéncia.

Palavras-chave: Fracturas Osseas,/ diagnéstico por imagem; Inteligéncia Artificial; Servico de Urgéncia Hospitalar

INTRODUCTION

Yearly, around 21 thousand adult patients visit the emer-
gency department (ED) of our tertiary referral hospital
after suffering from either high or low-energy trauma.
Skeletal radiographs are the first-line imaging modality to
diagnose traumatic skeletal injuries as they are inexpen-
sive, widely available, and expeditious.’® However, diagnos-
tic errors in the emergency department are the highest
when interpreting trauma radiographs.’ This can be ex-
plained by long or overnight shifts due to doctors’ fatigue,
distracting injury effect in multiple trauma patients, lack
of radiologic expertise or simply by the high volume of pa-
tients and exiguous time to consult each of them.* Missed
fractures can have a serious impact on patients’ outcomes
resulting in malunion or arthritis, for instance. Delayed
treatment can have a similar effect on patients’ morbidi-
ty.25 Computer-aided detection software has been around
for a couple of decades now and is widely used for breast
cancer screening, among other pathologies. Recent stud-
ies are showing encouraging results of the use of artificial
intelligence in the detection of bone fractures as well as
dislocations or joint effusions.28 Providing emergency de-
partment physicians with artificial intelligence (Al) fracture
detection tools could help reduce diagnostic error rates in
trauma settings. Consequently, this could aid reduce mal-
practice claims against physicians, a prominent concern in
developed countries nowadays.

The main objective of this study is to compare the diagnostic
accuracy between medical-grade Al software (BoneView®,
Gleamer) and orthopedic surgeons of various levels of exper-
tise for the detection of bone fractures in a tertiary hospi-
tal’'s emergency department.

MATERIAL AND METHODS

Study Design and Population

This is a retrospective analysis of a series of posttraumatic
radiographic examinations performed in the ED of a tertiary
hospital, during the first week of the BoneView® experimen-
tal period in the trauma setting.

Inclusion criteria were age 18 years or older and at least
one digital plain radiograph of limbs or pelvis obtained after
a recent trauma, with or without lesion. Exclusion criteria
were patients with cast control radiographs, images with
inadequate radiographic quality, and examinations showing
only obvious fractures (displaced, dislocated, or multiple
fragments). Examinations where the Al software was not
able to ascertain a diagnosis, either positive or negative,
were excluded as well.

All data was treated anonymously, and the entire study pro-
tocol was approved by the hospital's ethics committee.

Reading of the Data Set and Ground Truth
Definition

A total of six readers, two orthopaedic surgery specialists
(Specialist 1 and 2) with about 15 years of experience and
four orthopaedic residents (two sixth year residents - Res-
ident 1 and 2; two third year residents - Resident 3 and 4)
interpreted every view of patient’s radiographs. The readers
did not have access to patients’ clinical history nor to the
ground truth, they were also blinded to one another. Each
fracture was identified by the orthopaedic surgeons in at
least one view of every singular case. The reading time of
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each examination was not registered. The BoneView® soft-
ware analyzed the same sets of radiographs and when a
fracture was identified it would be highlighted with a box
on each radiographic view (Fig. 1).The ground truth was
defined by a complete agreement between Al and the two
senior elements composing the orthopedics team assess-
ing trauma patients at the time of presentation in the ED.
Disagreements were resolved by majority consensus with
a third senior orthopaedics specialist (A.S., with 25 years of
experience).

Figure 1. Example of examination of a true positive 5™

metacarpal base fracture by the Al software.

Statistical Analysis

The main outcomes measured were the sensitivity and
specificity of the Al software and every orthopedic surgeon.
Positive predictive value (PPV) and negative predictive value
(NPV) were also calculated. The performance of the Bone-
View® software was compared with the assessments made
by six independent orthopedic surgeons by using receiver
operating characteristic curves (ROC). IBM SPSS Statistics
version 29.0 software was utilized for statistical analysis.

RESULTS

Data Set Characteristics

A total of 217 sets of radiographs were included in this
study with 67 (30.87%]) identified fractures. All anatomic
regions were represented, apart from the spine, as previ-
ously stated. A summary of the examination location and
presence of fracture per anatomical area is given in Table 1.
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Tabela 1. Summary of examination location and presence of

fracture.
. Fractures, no. Examinations, no.
Anatomical area o 9
(% total) (%)

Shoulder girdle and

Elbow 9 (23.07) 39(17.97)
Forearm, Wrist and

Hand 22 (40.00) 55 (25.34)
Pelvis and Thigh 12 (46.15) 26 (10.59)
Knee and Leg 6 (16.68) 36 (16.58)
Ankle and Foot 18 (29.50) 61 (29.03)

Performance Analysis

The Al software was calculated to have a sensitivity of
91.3% (95% ClI: 82.03-96.74) and a specificity of 97.3%
(95% ClI: 83.22-99.26). When analyzing the six readers’ in-
dividual performances, sensitivity varied from 77.4% (95%
Cl: 66.00-86.54) to 86.3% (95% Cl: 75.69-93.57) with an
overall value 10 points lower (81.3%; 95% Cl: 77.17-85.07)
than the BoneView® software. A less than 6 points differ-
ence (5.4) is seen in the readers obtained specificity with
an overall value of 91.9% (95% CI: 89.96-93.62) in com-
parison with the Al's 97.3% (95% CI: 93.22-99.26). The
PPV and NPV were highest for the Al software as well, be-
ing 94.0% (95% Cl: 85.66%-97.65] and 96.0% (95% Cl:
91.78-98.10), respectively. Results of the Al software and
readers performance are detailed in Table 2.

Area under the receiver operating characteristic curve
(AUC) of the BoneView® software (0.95; 95% Cl: 0.913-
-0.988; p <0.001) was larger than that of any reader to diag-
nose patient’s fractures. It was followed by one of the most
experienced orthopedic surgeons (Specialist 1) with an AUC
of 0.89 (95% CI: 0.842-0.950; p <0.001). All four residents
showed substantial agreement in diagnostic performance,
with the less experienced ones (Resident 3 and 4] having
slightly smaller AUCs. Lowest-performing with an AUC of
0.83 (95% CI: 0.765-0.900; p <0.001) was the remaining
orthopedic surgery specialist. Fig. 2 shows the diagnostic
performance of the Al software and each reader. Table 3
includes the data presented in the figure.



Table 2. Diagnostic performances of Al software, orthopaedic residents, and specialists.

Sensibility (95% CI) Specificity (35% Cl) PPV (95%CI) NPV (95% CI)
0913 0973 0.840 0.960
Al software
(82.03-96.74) (93.22-99.26) (85.66%97.65) (91.78-98.10)
0.797 0918 0.820 0.906
Resident 1
(68,31-88.44) (86.27-95.74) (72.45-88.87) (85.86-93.96)
0.846 0.921 0.820 0.933
Resident 2
(73.52-92.37) (86.62-95.85) (72.50-88.85) (88.77-96.12)
0.774 0917 0.820 0.893
Resident 3
(66.00-86.54) (86.08-95.68) (72.43-88.88) (84.44-92.82)
0.776 0.840 0.852 0.803
Resident 4
(65.78-86.89) (88.92-97.22) (75.17-91.69) (85.73-93.63)
0.863 0.933 0.850 0.940
Specialist 1
(75.69-93.57) (88.16-96.78) (75.66-91.27) (89.50-96.64)
0.830 0.933 0.830 0.933
Specialist 2
(71.03-91.56) (88.08-96.76) (72.70-90.02) (88.82-96.10)
0813 0919 0.815 0918
All readers
(77.17-85.07) (89.96-93.62) (77.94-84.71) (90.14-93.25)
0.797 0.924 0.828 0.909
All Residents
(74.51-84.39) (90.03-94.44) (78.35-86.54) (88.77-92.70)
0.848 0.909 0.791 0.936
All Specialists
(77.29-90.59) (87.17-93.89) (72.52-84.45) (90.71-95.73)
PPV: positive predictive value, NPV: negative predictive value; Cl: confidence interval
Resident 4 0.858 0.000 0.795 0.821
R Lmrm Specialist 1 0.895 0.000 0.841 0.950
T — Lauree of tha P
— == Curve Specialist 2 0.832 0.000 0.765 0.800
== ey
(1 s
| B e 4 a. Null hypothesis: true area = 0.5
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5.4 DISCUSSION
Ii' To our knowledge, this was the first study to assess the per-
formance of an Al software for the diagnosis of appendicu-
lar and pelvic bone fractures in a Portuguese hospital. Our
= - — : results are comparable with several other mono and mul-
1 - Spes ity ticentric studies with high sensitivity (91.3%) and specifici-
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Figure 2. Receiver operating characteristic curves show

artificial intelligence and readers’ performance.

Table 3. Area under the ROC curve.

Area

P-value?®

95% Confidence

Interval
Lower
Bound

Upper
Bound

ty (97.3%) of the Al software, but also comparable results
for the orthopaedic surgeons and residents who were part
of the study."®*” However, not including obvious fractures
in the data set might have resulted in underestimating the
overall diagnostic capability of the readers.

The receiver operating curves (Fig. 2] allow us to assess
the success rate of each subject, by calculating the corre-
sponding AUC. A subject with a higher AUC is better at dis-

Al software 0.850 0.000 0913 0.988

Resident 1 0864 0.000 0804 0904 tinguishing between patients with a fracture and the ones
Resident 2 0877 0.000 0818 0936 without. Comparable recently published research articles
Resident 3 0857 0.000 07965 0918 have documented AUCs higher than 0.90 for various Al

software. Likewise, we report a BoneView® software AUC
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of 0.950. All six readers had lower AUCs, ranging from
0.832 to 0.895. As expected, there was performance var-
iation across readers with different experience levels. How-
ever, the lowest performing reader was one of the most
experienced ones, contrary to the expected. This could
be related, for instance, to a difference in allotted reading
time during the examination, which was not measured. One
strength of this study is the assessment of all appendicular
radiographs, as opposed to other published studies that
focus on single body parts.

Our study has several limitations. Firstly, the sample size of
the study was relatively small, when compared to other pub-
lished studies with several hundred patients.

Anather limitation was that the reading time of each exam-
ination was not recorded, even though we recognize that
time constraints can be a relevant factor in a frequently
busy ED. In everyday clinical practice, the sparse time to in-
terpret conventional plain radiographs may partially account
for the failed diagnoses. We note several studies that report
an improvement in reading time when readers have an Al
aid,3* and we recognize that it might make the best of the
limited time available to professionals.

As previously detailed in the literature, in more visually chal-
lenging anatomical areas, like the hand and foot, fractures
are more commonly missed.®5® A subgroup analysis, by ana-
tomical area, would be interesting in future work with larger
data sets. Furthermore, the readers not having access to
patient’s clinical history and making a diagnosis solely with
radiographic images creates a context bias, and the same
can be applied to the BoneView® software. Additionally, the
context of the research could have influenced the readers
to do a more rigorous review of the radiographs, creating a
Hawthorne effect.

Radiologists were not included in the establishment of
ground truth, nor were they part of the evaluated readers.
The purpose here was to emulate a real ED setting in our
tertiary hospital, where all appendicular and spine trauma is
assessed exclusively by orthopedic surgeons.

Previous studies suggest that the highest diagnostic per-
formance might be attained when clinicians have access to
Al reports.”#8® Subsequent research could benefit from in-
cluding an Al-aided assessment of radiographs by the ortho-
pedic surgeons, as well as analysis of imaging reading time
and inclusion of background clinical information.
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CONCLUSION

Our study demonstrated that the Al system has a high diag-
nostic capacity for fractures and, in this regard, can be con-
sidered a useful tool in the emergency department. By re-
ducing diagnostic errors, it assists orthopedic surgeons in
decision-making, thereby enhancing care for the population.

Al software like BoneView®, despite not having yet well-
-defined regulations established for their use, can be of
great value in the ED for physicians of different backgrounds
assessing trauma patients. Legal and ethical issues may
come to light, but the seeming benefit of Al fracture detec-
tion tools cannot be ignored. In the near future, we see Al
tools becoming a complement in the assessment of trau-
matic skeletal injuries, improving healthcare quality for the
population.
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