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Abstract
Objective: To evaluate the competence of senior medical students in diagnosing tuberculosis (TB) based on their
reading of chest X-rays, as well as to identify the factors associated with high scores for the overall interpretation
of chest X-rays. Methods: In October 2008, a convenience sample of senior medical students who had undergone
formal training in radiology at the Federal University of Rio de Janeiro School of Medicine, in the city of Rio de
Janeiro, Brazil, were invited to participate in the study. Six chest X-rays (three of TB patients and three of patients
without TB) were selected. Participants were asked to choose one of the three probable radiological interpretations,
and one of the four subsequent suitable clinical approaches. They also completed a questionnaire designed to
collect data related to demographics, career of interest, time spent in emergency rooms and year of study. The
sensitivity and specificity related to competence in the radiological diagnosis of TB, as well as a score for the overall
interpretation of chest X-rays, were calculated. Results: The sensitivity of the probable radiological diagnosis of
pulmonary TB, based on the three chest X-rays of patients with TB (minimal, moderate and extensive) was 86.5%,
90.4% and 94.2%, respectively, and the specificity was 90%, 82% and 42%. The only factor associated with a
high score for the overall radiological interpretation was the year of study. Conclusions: In this sample of medical
students, who had received formal training in radiology early in their medical school course, the competence in
interpreting the chest X-rays of TB patients was good. The year of study seems to influence overall chest X-ray
reading skill.
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Resumo
Objetivo: Avaliar a competência de estudantes de medicina seniores na interpretação de radiografias de tórax para
o diagnóstico de tuberculose (TB) e determinar fatores associados com altos escores na interpretação de radiografias de tórax em geral. Métodos: Em outubro de 2008, uma amostra de conveniência de estudantes de medicina
seniores da Faculdade de Medicina da Universidade Federal do Rio de Janeiro (RJ), que receberam educação formal
em radiologia, foi convidada a participar do estudo. Seis radiografias de tórax foram selecionadas, das quais três
eram de pacientes com TB. Os participantes escolheram uma entre três possíveis interpretações radiológicas e uma
entre quatro condutas clínicas a serem seguidas. Eles também responderam um questionário relativo a dados
demográficos, carreira de interesse, tempo de treinamento na emergência e ano de estudo em medicina. A sensibilidade e especificidade para a competência no diagnóstico radiológico da TB, assim como um escore de acertos
em radiografia do tórax em geral, foram calculados. Resultados: A sensibilidade para o diagnóstico radiológico
provável de TB pulmonar, baseado nas três radiografias de tórax de pacientes com TB (lesões menos extensas,
moderadas e mais extensas) foi de 86,5%, 90,4% e 94,2%, respectivamente, e a especificidade foi de 90%, 82% e
42%. O único fator associado a um alto escore no diagnóstico radiológico geral foi o ano de estudo em medicina.
Conclusões: A competência na interpretação de radiografias de tórax de pacientes com TB entre esta amostra de
estudantes de medicina, que tiveram treinamento formal em radiologia no início do curso médico, foi boa. O ano
de estudo médico parece contribuir com a habilidade geral de leitura de radiografias de tórax.
Descritores: Tuberculose pulmonar; Radiologia; Educação médica.
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Introduction
Tuberculosis (TB) is a major health problem
in Brazil. The TB incidence rate in the state
of Rio de Janeiro is one of the highest in the
country.(1)
In a large number of patients with respiratory symptoms, the presumptive diagnosis of
TB is based on symptoms and abnormalities on
chest X-rays.(2) Therefore, being able to interpret
chest X-rays is an important and attainable skill,
and its instruction should be pursued by medical
institutions.
For many years, organizations and institutions in the United States and in the United
Kingdom have assessed the issues on medical
curricula related with teaching the interpretation of X-rays.(3–12) In addition, with the
worldwide challenge posed by TB, the issue of
the interpretation of chest X-rays for the diagnosis of TB reappears in national programs for
TB control.(13)
In Brazil, the TB challenge has yet to be met,
and, to our knowledge, neither physicians nor
medical students have been surveyed on their
chest X-ray interpretation skills. The objective of
the present study was to evaluate senior medical
students who have received formal education on
the interpretation of chest X-rays and to determine their competence in diagnosing TB based
on their reading of chest X-rays, as well as to
identify factors associated with high scores for
the overall interpretation of chest X-rays.

Methods
In October of 2008, we recruited a convenience sample of senior medical students who
had received formal training in radiology at the
Federal University of Rio de Janeiro Medical
School, in the city of Rio de Janeiro, Brazil. The
study was conducted at the Federal University of
Rio de Janeiro Clementino Fraga Filho University
Hospital, also in the city of Rio de Janeiro. The
research ethics committee of the institution
approved the study, and all of the participants
gave written informed consent.

Selection of chest X-rays
From among 200 chest X-rays of patients
with respiratory symptoms who had sought
assistance at a publicly funded primary-care
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clinic, a case set of 6 was selected by three radiologists specializing in chest radiology. Although
an actual clinical history was provided for each
chest X-ray,(14,15) the radiologists were blinded to
the final diagnoses. In 3 of the 6 cases selected,
TB was confirmed by microbiological testing,
whereas it was ruled out in the remaining cases.
The non-TB cases presented with respiratory
symptoms commonly seen at primary care clinics.
The confirmed TB cases represented a spectrum of the disease, from minimal to extensive
(Figures 1a, 1b and 1c). In two of the comparative cases, the chest X-rays were normal, one
being of an overweight patient (Figures 2a and
2c). The remaining comparative case was a case
of bronchiectasis that was confirmed with a CT
scan (Figure 2b). The chest X-ray findings were
classified according to the American Thoracic
Society standards.(16)
In Brazil, medical schools share a core curriculum without specific instruction in radiology.
A medical undergraduate course takes six years,
which are organized into semesters.

Selection of medical students
and teaching hours
The study population consisted of a convenience sample of 60 senior medical students on
rotation in the Department of Internal Medicine
(DIM), one and a half years before they applied
to the national residence programs. All of the
medical students had undergone a mandatory
formal training course in radiology during the
fourth (ten hours of chest radiology) and fifth
(twelve hours of chest radiology) semesters. In
the sixth semester, they received an eight-hour
training course on TB diagnosis only (lectures
and discussion of clinical TB cases). The students
were also expected to have completed emergency rotational training, including off-campus
experience.

Competence evaluation
During the study period, one of the authors
was responsible for the application of the test
to the medical students, in small groups. The
medical students initially completed a questionnaire regarding their age, gender, career interest,
years of emergency training and year of study.
The participants were then presented with each
of the 6 chest X-rays, one at a time, with a time
J Bras Pneumol. 2010;36(2):190-196
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Figure 1 - Chest X-rays of patients with pulmonary tuberculosis. In a), a 24-year-old male, weight loss in the
last three months and current fever (38°C). In b), a 25-year-old female, dry cough for the last three months
and recent worsening of health status. In c), a 38-year-old male, previously treated for tuberculosis, malaise
for the last three weeks.

limit of 4 min to interpret each image, and were
asked to choose among three possible interpretations: normal image, probable diagnosis of TB
and probable diagnosis of another pulmonary
abnormality. In an attempt to evaluate coherence for a given chest X-ray interpretation, the
medical students were also asked to choose
among four possibilities for the subsequent clinical approach: discharge with counseling; request
for a sputum smear test; prescription of a course
of antibiotics (not specific for TB); and request
for a new chest X-ray or other diagnostic tests.
The medical students were expected to request
a sputum smear test for a coherent subsequent
approach to a suspected case of TB. Regarding
non-TB cases, we considered it acceptable to
discharge the patient with a previous common
cold and dry cough with a normal chest X-ray. In
the case of the patient with bronchiectasis, we
considered it acceptable to prescribe antibiotics

or to continue the diagnostic investigation, and
we considered it appropriate to continue the
diagnostic investigation in the case of the overweight patient with respiratory symptoms and a
normal chest X-ray.

Data analysis
The distribution of the choices made by the
medical students regarding the individual chest
X-rays was evaluated. In addition, the proportions of their choices toward an appropriate
clinical approach based on the history and the
chest X-ray of each patient were computed. The
group was also split into high scorers (5-6 correct
answers) and low scorers (all other scores) in an
attempt to determine the factors that could be
associated with a higher score in the interpretation of chest X-rays, using Pearson’s chi-square
test. The sensitivity and specificity of the

Figure 2 - Chest X-rays of non-tuberculosis patients. In a), a 21-year-old male, dry cough for the last three
weeks after a common cold. In b), a 72-year-old female, productive cough for the last 10 years and recent
worsening of health status. In c), a 36-year-old female, dull dorsal thoracic pain and dry cough for the last
four weeks.
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performance indexes were calculated considering the three TB confirmed cases as positive
cases and the other three pulmonary conditions
as negative cases.
Values of p < 0.05 were considered statistically significant. Analyses were performed using
the Statistical Package for the Social Sciences,
version 13.0 (SPSS Inc., Chicago, IL, USA).

Results
Eight students were excluded for providing
incomplete answers on the questionnaire. Therefore, the final sample comprised
52 students. The median age was 24 years, and
the sample was relatively homogeneous in terms
of the future residence program (DIM, other) and
time spent in emergency training. The gender
distribution was nearly equal. Over half of the
medical students were sixth-year students on
DIM rotation. The only factor associated with
a higher score for the overall interpretation of
chest X-rays was the year of study (Table 1).
As shown in Table 2, the proportion of correct
diagnoses of TB based on the chest X-rays
was high. Sensitivity was, respectively, 86.5%,
90.4%, and 94.2% according to the severity of
the disease (minimal, moderate and extensive).
The coherence between the correct interpretation of the chest X-rays of TB patients and a
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suitable clinical approach was 100% (minimal
and moderate) and 91.8% (extensive).
Very few medical students were able to
interpret the chest X-ray of the overweight
patient (5.8%). Most considered it a probable case of TB (false-positive), which lowered
the specificity. However, in the interpretation
of the other two non-TB chest X-rays (normal
and bronchiectasis), the performance improved,
with a specificity of 90.4% and 82.7%, respectively. The coherence between the interpretation
of the non-TB chest X-rays and a suitable
clinical approach was 71.4%, 89.1% and 0%,
respectively, for the (normal) chest X-ray of the
non-overweight patient, the X-ray of the patient
with bronchiectasis and the (normal) chest X-ray
of the overweight patient.

Discussion
In the present study, the competence of senior
medical students in interpreting chest X-rays
showed a sensitivity that was higher than was
its specificity. The medical students performed
better when the TB was extensive than when it
was moderate or minimal. Therefore, the sensitivity was lower when there was minimal TB, as
would be expected when a disease spectrum is
used in diagnostic tests.(17) Regarding the two
normal chest X-rays, the sensitivity was consider-

Table 1 - Characteristics of the medical students according to the correct interpretation score.
Characteristic
Total
Score
1 to 4
5 to 6
(n = 29)
(n = 23)
n
%
n
%
n
%
Age, years
24
46.2
15
51.7
9
39.1
≤ 24
>24
28
53.8
14
48.3
14
60.9
Gender
Male
24
46.2
11
37.9
13
56.5
Female
28
53.8
18
62.1
10
43.5
Future residence program
Internal medicine
23
44.2
12
41.4
11
47.8
Other
29
55.8
17
58.6
12
52.2
Emergency training
31
59.6
18
62.1
13
56.5
≤ 1 year
> 1 year
21
40.4
11
37.9
10
43.5
Semesters of medical school
10
14
26.9
10
34.5
4
17.4
11
18
34.6
4
13.8
14
60.9
12
20
38.5
15
51.7
5
21.7

p

0.366

0.182

0.642

0.686

0.002
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Table 2 - Interpretation of the set of chest X-rays, selected subsequent clinical approach, sensitivity and
specificity for the correct interpretation of cases.
Final diagnosis Interpretation
Proposed subsequent clinical approach, n
of chest
Answers Discharge Sputum Antibiotics
Another
Se or Sp
X-rays
with
smear (not specific X-ray or
n (%)
(95% CI)
counseling
test
diagnostic
for TB)
test
RUL TB
Probable TB
45 (86.5)
0
45
0
0
Se = 86.5%
OPC
4 (7.7)
1
1
2
0
small cavity
Normal
3 (5.8)
2
1
0
0
(75.2%-93.9%)
(apex)
Total (%)
52 (100.0) 3 (5.8)
47 (90.4)
2 (3.8)
0 (0.0)
RUL TB
Probable TB
47 (90.4)
0
47
0
0
Se = 90.4%
OPC
5 (9.6)
0
0
3
2
pneumonia
Normal
0 (0.0)
0
0
0
0
(79.9%-96.3%)
with cavitation Total (%)
52 (100.0) 0 (0.0)
47 (90.4)
3 (5.8)
2 (3.8)
LUL + LLL
Probable TB
49 (94.2)
0
45
1
3
Se = 94.2%
cavities
OPC
3 (5,8)
1
1
0
1
bilateral alveolar Normal
00,0
0
0
0
0
(85.1%-98.5%)
infiltration
Total (%)
52 (100,0) 1 (1,9)
46 (88,5)
1 (1,9)
4 (7,7)
Normal
Probable TB
5 (9.6)
0
4
1
0
Sp = 90.4%
X-ray
OPC
5 (9.6)
1
1
1
2
Normal
42 (80.8)
30
3
0
9
(79.9%-96.4%)
Total (%)
52 (100.0) 31 (59.6) 8 (15.4)
2 (3.8)
11 (21.2)
Bronchiectasis
Probable TB
9 (17.3)
0
8
1
0
Sp = 82.7%
OPC
37 (71.2)
4
0
16
17
(lower lobes)
Normal
6 (11.5)
4
0
0
2
(70.6%-90.2%)
Total (%)
52 (100.0) 8 (15.4)
8 (15.4)
17 (32.7)
19 (36.5)
Normal X-ray
Probable TB
30 (57.7)
0
29
1
0
Sp = 42.3%
OPC
19 (36.5)
0
1
7
11
(overweight
Normal
3 (5.8)
0
0
3
0
(29.5%-55.9%)
patient)
Total (%)
52 (100.0) 0 (0.0)
30 (57.7)
10 (19.2)
11 (21.1)
Se: sensitivity; Sp: specificity; TB: tuberculosis; OPC: other pulmonary conditions; RUL: right upper lobe; LUL: left upper
lobe; and LLL left lower lobe.

ably lower for the chest X-ray of the overweight
patient. Earlier studies have shown that readers do
not perform well when interpreting normal chest
X-rays, providing false-positive readings mostly
due to parenchymal densities.(6,12,18) Accordingly,
in our study, we found more false-positives than
false-negatives. However, this finding is not in
the same range as that reported in one study
of the accuracy of chest X-ray interpretation
among radiologists and residents.(19) The higher
proportion of false-positives in our study might
reflect the fact that the medical students, who
were aware of the purpose of the study, might
have considered abnormal parenchymal densities as a probable TB feature.
The coherence following the interpretation
of the chest X-rays as representing suspected
cases of TB was reasonable, probably due to
J Bras Pneumol. 2010;36(2):190-196

the intensive TB education that was provided
in this setting. However, the overall interpretation of chest X-rays and the subsequent clinical
approach were disappointing.
In settings where radiological evaluation
is not provided in real time, a longer interval
between the evaluation of chest X-rays and the
medical decision-making could hamper the entire
diagnostic work-up. In Brazil, it could impair TB
control. In this sense, formal training in chest
X-ray interpretation, in addition to formal TB
courses, is crucial.
Since all of the medical students received
formal training in radiology as well as formal
TB education during their first medical years, we
found that the only factor associated with higher
scores in the interpretation of chest X-rays was
the year of study. As demonstrated in earlier
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studies, our results suggest that training might
play a role in improving the performance of
medical students in interpreting chest X-rays.(5,7)
Recently, in a report about learning and
teaching activities among third-year medical
students in the United States, the perceptions
of the students regarding high-quality teaching
were associated with learning how to interpret
chest X-rays, among other factors.(4) In addition, a survey involving practicing physicians
in the United States revealed that they believed
that formal instruction in radiology should be
mandatory in medical schools.(20)
In Brazil, unlike in countries with higher
income, radiology training is not mandatory
in undergraduate medical courses. According
to the Brazilian National Accreditation System
for Undergraduate Medical Schools, the curriculum guidelines, in its fifth and sixth articles,
emphasizes that: “. . . medical students, prior
to graduation, must demonstrate competence in history taking, physical examination
(. . .) evidence-based prognosis, diagnosis and
treatment of diseases”. The lack of the specific
nomination of diagnostic procedures gives rise
to the enormous variety of curricula offering less
than what is required.
Our study has several limitations. Because
senior medical students were invited to take part
in this study, those who were more comfortable
with diagnosing TB or interpreting chest X-rays
would be more likely to self-select for the study
and consequently inflate the proportion of correct
answers. In addition, the power was not enough
to discriminate other possible factors associated
with the high scores. However, we did not use
the teaching files for chest X-ray sampling, and,
by doing so, we guaranteed our sample of chest
X-rays to be unknown to the students.
Regarding the instrument used to discriminate interpretation skills, the multiple choice
approach was chosen for operational reasons.
Unfortunately, it has not been validated and
it certainly represents a methodological weakness. Written descriptions of images have more
support from earlier studies, although they also
lack validity.(5–7)
Due to the purposely arranged bias related
to the spectrum and the context, our estimates
cannot be generalized to chest X-rays obtained
from the general population treated at primary
care clinics. The context bias could have inflated
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false-positive identifications of TB cases.(17,21) A
wider sampling of chest X-rays, representing a
more reliable TB prevalence, could be of help in
future studies.
To our knowledge, this is the first time that
medical students in Brazil have been evaluated
in terms of their competence in interpreting
chest X-rays. This study could represent the first
step for implementing radiology, as well as TB
diagnosis, as formal specialties in all medical
schools in Brazil.
In conclusion, the competence in interpreting
chest X-rays of TB patients was high among
senior medical students who had received formal
training in radiology and TB in their first years
of medical school. The year of study was the
only factor associated with a high score for the
overall interpretation of chest X-rays.
Although undergraduate medical curricula
vary widely in Brazil, our study provides preliminary data regarding the possible benefits of
formal training in TB and of teaching chest
X-ray interpretation in a country with a high
incidence of TB.
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