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BACKGROUND: Pectus excavatum (PEX) is a depression of the sternum in relation to the costal cartilages. Clinical and objective
measures for classifying the defect are rare and difficult to apply. The present study aimed to create an anthropometric index (Al)
for PEX as a method for diagnosis and for preoperative and postoperative assessment by comparing it to the Haller index (HI) and
to the lower vertebral index (LVI).

METHODS: From December 2001 to February 2004, 2 groups of patients were studied at our institution: a) 30 patients with
normal configuration of the thoracic cage, upon physical examination; b) 20 patients with PEX. The latter underwent surgery
according to the Ravitch technique modified by Robicsek, and they were evaluated in the postoperative period. All patients were
assessed by means of the Al (clinical), HI (tomographic), and LVI (radiographic) measures at the level of deepest deformity in the
case of the PEX patients, and in the distal third of the sternum in the normal patients. The patients who had undergone surgery
were once again measured between the 60th and the 80th postoperative days.

RESULTS: There was a high correlation between the Al and the HI (80% P < .001) and between the Al and the LVI (79% P <
.001). The accuracy of the 3 indices was similar, in that the following cut points were established: Al = 0.12, HI = 3.10, and LVI
=0.25. Upon analyzing the preoperative results, we verified that for the 3 indices, over 75% of the patients with pectus excavatum
were above the cut points and were confirmed as having the defect. In the postoperative results, the value of the indices found
below the cut point was considered within the normal standard, and this occurred in 100% for the Al in over 50% for the HI, and
in 50% for the LVI.

CONCLUSIONS: The AI allowed adequate measurement of the defect, maintaining a) a high correlation with the HI and the LVI
and a high accuracy, similar to the already acknowledged and published indices and b) an efficient comparison between the
preoperative measurement and the postoperative results.

KEY-WORDS: Anthropometry/methods. Thoracic wall/abnormalities. Funnel chest/diagnosis. Funnel chest/surgery. Follow-up.

INTRODUCTION

Since the 15th century, congenital deformities of the
thoracic wall have been described and discussed in the lit-
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erature." The malformations of the anterior thoracic wall
can be classified as deformities caused by the abnormal
skeletal structure growth that is secondary to the incom-
plete fusion of the sternal blades, Poland’s syndrome, and
mixed or complex lesions of the dorsal column and costal
arches.” Within the defects related to abnormal cartilage
growth, pectus excavatum (PEX), or funnel chest is the
most frequent deformity and is defined as the sinking of
the lower or medium portion of the sternal region in the
direction of the spinal column.’?

Among the most important consequences of the deform-
ity are the psychological issues, which cause patients not
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to go out in public and to avoid sports activities, relation-
ships, and contact with their peers. Relevant psychologi-
cal alterations have been described, among which are anxi-
ety, difficulty in participating in social relationships, lim-
ited working capacity, reduction in tolerance to frustration,
and depression.*

The treatment of PEX accepted by most authors is sur-
gical treatment,”® and indication for treatment is based on
functional findings,® psychological findings,* the patient’s
quality of life findings,” and aesthetic reasons.®

Few studies have objectively classified the degree of
anatomic distortion to enable the quantification of the de-
pression of the anterior thoracic wall, the comparison of
groups, and the assessment of postoperative results.’ In gen-
eral, the assessment of these patients has been carried out
only subjectively during clinical inspection.!” The objec-
tive evaluations found in the medical literature®!!"'* are still
not consensual, either due to the complexity of the meas-
urements or to conceptual controversies. The objectives of
this study were a) to propose an index that is easy to ap-
ply for measuring PEX and to compare it with the Haller
index and to the lower vertebral index; b) to enable com-
parison between the groups of patients of the preoperative
and postoperative periods, thus allowing the surgical results
obtained to be evaluated concretely and objectively.

METHODS

From December 2001 to February 2004, 20 patients
with PEX and 30 patients with a thorax considered mor-
phologically normal were studied at the Thoracic Surgery
Service, of the Hospital das Clinicas, School of Medicine,
University of Sao Paulo. The criteria for inclusion of pa-
tients with PEX were as follows: a) during the physical ex-
amination, the presentation of the depression of the cen-
tral portion of the anterior thoracic wall in relation to the
adjacent costal cartilage; b) discontentment with the de-
fect of the anterior thoracic wall; c) age ranging from 8 to
40 years; and d) body mass index lower than 25.% The fol-
lowing patients were excluded: a) patients with mammary
implants; b) breastfeeding patients; c) patients with no
clinical conditions for surgery; and d) presence of affec-
tions that might increase surgery morbidity. The patients
with PEX ranged in age from 9 to 31 years (mean, 16.3
years); 14 were male (70%) and 6 were female (30%). The
criteria for inclusion of normal patients were as follows:
a) absence of depression or protusion of the central por-
tion of the anterior thoracic wall in relation to the costal
cartilage during physical examination; b) recent radiogra-
phy and CT scan of the thorax due to another type of clini-
cal investigation; c¢) age ranging from 8 to 40 years; and
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d) body mass index lower than 25. Patients excluded in-
cluded patients with any affection that might interfere in
the normal morphology of the thoracic cage. Normal pa-
tients (30) were included with ages ranging from 15 to 36
years (mean, 24 years); 22 were male (73%) and 8 were
female (27%).

The sample was evaluated according to the clinical'
measurements of the external thorax and tomographic'® and
radiographic'® configuration, which were always carried out
by the same examiner at the level of maximum deformity
(MD) in the case of patients with PEX, or in the lower third
of the sternum (TD) in the case of patients with a morpho-
logically normal thorax. The patients with a thoracic de-
formity underwent surgical correction and once again were
measured between the 60th and 80th postoperative days.

The A and B clinical measurements were carried out
with the patient in a horizontal supine position on a flat
table parallel to the floor during deep inhalation. (Figures
1, 2, and 3). The A measurement was defined as the larg-
est anteroposterior diameter at the level of the distal third
of the sternum, and the B measurement was the largest
depth at the same level. The anthropometric index (AI)'
for PEX was defined as the B measurement divided by the
A measurement (Al = B/A).

Figure 1 - A Measurement = anteroposterior distance during deep inhaling,
at the distal third of the sternum.

Figure 2 - B Measurement = greater depth at the distal third of the sternum.
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The tomographic measurements were obtained from the
slice of the mediastinal window as follows: with the great-
est latero-lateral distance (A measurement) and the short-
est anteroposterior distance (C measurement). The Haller
index (HI)'¢ is the ratio between the A measurement and
the C measurement (HI = A/C). (Figure 3).

C-Haller

A-Haller

/

JE

Figure 3 - Anthropometric index = B clinical / A clinical (B= depth of the
deformity; A= anteroposterior distance. Haller Index = A Haller / C Haller
(A= maximum latero-lateral distance; C= shortest anteroposterior distance.
Both the indices calculated at the distal third of the sternum.

The radiographic measurements were obtained from the
simple thorax radiography, where the BC measurement was
equal to the sagittal diameter of the vertebra, and the AC
measurement referred to the sagittal anteroposterior diam-
eter of the posterior board of the sternum to the posterior
portion of the vertebral body. The lower vertebral index
(LVID)!® was defined as the ratio between BC and AC, (LVI
= BC/AC) (Figure 4).

———y

Figure 4 - Schematic representation of the lower vertebral index (LVI). BC=
vertebral sagittal diameter and AC = diameter of the posterior board of the
sternum to the posterior portion of the vertebral body. LVI= BC/AC

The patients with PEX underwent surgical correction.
The technique adopted was that of Ravitch?' modified by
Robicsek et al.?2

The proposed statistical study was as follows: sample
distribution tests (KS normality test; D’ Agostino & Pearson
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normality test; Shapiro-Wilk normality test). The correla-
tions between the Al versus the HI and the Al versus the
LVI were calculated according to the Spearman test. The
receiver-operating characteristic (ROC) curve between the
patients with PEX and normal patients for the Al, the HI,
and the LVI was determined. The comparisons between the
preoperative and postoperative periods of the Al, the HI,
and the LVI were determined by means of the Wilcoxon
test with signed ranks. The GraphPad Prism 4.2 statistical
program was used to calculate the statistical values. The
level of significance considered was P < .05. This proto-
col was approved by the Institutional Ethical Committee
for the Analysis of Research Projects.

RESULTS

There was no mortality in the sample of the patients
who underwent surgery. The morbidity found was as fol-
lows: 1 patient with a rotavirus infection, 7 patients with
the accidental opening of the right pleura with no need for
closed pleural drainage, 3 patients with skin dehiscence, 2
patients with occipital seroma, 2 patients with partial pul-
monary atelectasis, and 2 patients with pleural effusion.

The values found for the Al the HI, and the LVI did
not have symmetrical distributions, which led us to use
nonparametric statistical tests to analyze our data. The
mean values found for the PEX sample and the normal pa-
tient sample are shown on Table 1. Spearman’s correlation
test showed high correlation between the indices (0.80, P
< .001 for AI x HI and 0.79, P < .001 for Al x LVI). There-
fore, the Al is effective in the assessment of PEX.

Table 1 - Descriptive statistical analysis for patients with
for pectus excavatum and normal patients, considering the
Al, the HI, and the LVI

Normal PRE Normal PRE Normal PRE

Al Al HI HI LVI LVI

Minimum V. 0.01 0.08 1.75 2.28 0.15 0.22
P 25% 0.02 0.14 2.00 3.40 0.19 0.26
Mean 0.03 0.20 2.16 4.46 0.21 0.31
P 75% 0.04 0.25 2.34 5.40 0.23 0.41

Maximum V. 0.12 0.33 3.00 7.23 0.26 0.54

V, Value; P, Percentile; Al, anthropometric index; HI, Haller index; LVI,
lower vertebral index; Normal, patients with normal thoracic cage; PRE,
patients with pectus excavatum in the preoperative period.

By using the ROC curves for the 3 indices, the Al, the
HI, the LVI, separately in the PEX and normal groups, we
found the curve areas and the cut points for the indices to
prioritize the specificities. Above these cut points would
be patients with pectus excavatum and below them, nor-
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mal individuals (Tables 2 and 3). A high accuracy of the
Al is hence shown.

Table 2 - Values of the areas under the ROC curves and
their respective confidence intervals for the Al, the HI, and
the LVI for pectus excavatum

Curve Area Confidence Interval P
Al 0.99 0.96 to 1.01 <.001
HI 0.96 0.92 to 1.01 <.001
LVI 0.96 0.91 to 1.01 <.001

Al anthropometric index; HI, Haller index; LVI, lower vertebral index

Table 3 - Values of the cut points for the Al, the HI, and the
LVI for pectus excavatum, with the corresponding
sensitivities and specificities

Value Sensitivity Specificity
Al 0.12 80% 100%
HI 3.1 85% 100%
LVI 0.25 80% 96%

Value, cut point for the applied index; Al, anthropometric index; HI, Haller
index; LVI, lower vertebral index

To compare the result between the preoperative peri-
ods and postoperative periods, we applied Wilcoxon’s
nonparametric test with signed ranks, where statistical dif-
ference was observed among groups for the Al, the HI, and
the LVI with P < .001. The means, percentiles, and maxi-
mum and minimum values found in the descriptive statis-
tical analysis and the cut points obtained from the ROC
curves are shown in Figures 5, 6, and 7 for the 3 indices,
respectively, where it was shown that the Al was the one
that best expressed the transformations of the anterior tho-
racic cage after surgical correction.

0.35+
0.30+

0.25+
0.20+
0.15=

Al

0.10+
0.05+

0.00 T
Preoperative

—
Postoperative

Figure 5 - Al: anthropometric index for pectus excavatum pre and
postoperative; 0,12, value adopted as cut point among patients with pectus
excavatum and patients with normal thoracic configuration for the Al
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Figure 6 - HI: pre and postoperative Haller index; 3,1, value adopted as cut
point among patients with pectus excavatum and patients with normal
thoracic configuration for the HI.
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Figure 7 - LVI: pre and postoperative lower inferior index; 0,25, value
adopted as cut point among patients with pectus excavatum and patients
with normal thoracic configuration for the LVI.

DISCUSSION

Authors such as Welch,'” Backer et al,” Hiimmer and
Willital,'* Haller et al,’® and Derveaux et al'® created indi-
ces to quantify the deformity and/or to enable the compari-
son between the preoperative and postoperative periods
more objectively. However, the common point that can be
observed in the previously described indices is that all of
them are obtained with measurements that relate the ap-
proximation of the sternum to the thoracic column and not
with the unevenness of the sternal region in relation to the
costal cartilage in the direction of the column.

The internationally accepted HI is undoubtedly the most
divulged assessment parameter among surgeons who treat
this deformity. In the original study with 33 patients with
PEX and 19 normal individuals, the cut point was 3.25,
above which the patients were classified as having moder-
ate or severe PEX and were referred to surgery. Haller et
al'® did not identify differences in the index regarding age.
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This publication was more recently refuted by Daunt et al,*
upon studying 557 patients where the HI was measured
tomographically, showing that children under 2 years have
a lower HI than older ones, and that women have a higher
HI than men from 0 to 6 and from 12 to 18 years, thus
showing statistical differences regarding age and gender.

In our sample, the HI cut point considered was equal
to 3.10, very close to the cut point of the original study,
which was 3.25. This small difference is possibly due to
the fact that we prioritized the specificity of the HI in our
material, whereas Haller et al'é considered the sensitivity
of the method a priority. We would like to emphasize that
for the author, patients with an index higher than 3.25 were
considered as having moderate or severe PEX with indi-
cation for surgery, and below this value, the patients would
be in the range of patients with mild PEX or of normal
individuals. The HI considers, in one of its measurements,
the minimum internal anteroposterior distance of the ster-
num to the vertebral body, which causes this index not to
reflect the specific deformity (the depression of the ster-
num in relation to the costal cartilage), but rather to re-
flect one of its consequences, because it values the approxi-
mation of the sternum to the column, which not always
characterizes this deformity. In addition, this index does
not consider the tissues that cover the sternum and that also
participate in the aesthetics of the anterior thoracic wall.

In our sample, the cut point for the lower vertebral in-
dex of patients with PEX and of normal patients was equal
to 0.25, ie, within the means published by Derveaux et al.'®
Likewise, as has already been discussed for the HI, the LVI
also considers the sternovertebral sagittal distance in its
composition and does not consider the tissues that cover
the sternum, thus triggering the same concerns as those we
discussed for the HI.

We value the Al, since it is the ratio of the measure-
ments related to the external configuration of the thorax,
and this immediately leads us to the cosmetic aspect of the
thorax; the priority in this assessment is for the doctor to
estimate the real aesthetic defect and not the bone deform-
ity. This is a relevant issue, since the defect has strong aes-
thetic implications for the patient regarding the psychologi-
cal scope.**** The indices that are based on the internal
configuration of the thorax, as is the case with the HI, the
LVI, the frontosagittal index," and the Welch! index, do
not take into consideration the soft tissues that cover the
thoracic skeleton and are related to the minimum sagittal
anteroposterior distance of the posterior board of the ster-
num to the vertebral body.

Upon comparing the ROC curves of the 3 indices, it
was noticed that the areas under the curves are large and
similar (Al = 99%; HI = 96%, and LVI = 96%), thus show-
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ing good accuracy in the diagnosis of PEX for all the in-
dices tested. Upon associating the ROC curve for Al with
the high correlation between the Al and the other indices
applied in our sample, we can propose the equivalence of
the Al to the indices already accepted in the literature, as
is the case for the HI and the LVI, with the advantage that
we do not need imaging methods for the diagnosis of PEX,
and as has already been mentioned, we have been assess-
ing the external (aesthetic) configuration of the patient.

Differences were found for the 3 indices upon the ap-
plication of the Wilcoxon signed ranks test to the
preoperative and postoperative results as follows: Al (P <
.001); HI (P < .001), and LVI (P < .001). This statistically
confirms that through surgical correction, our preoperative
group is transformed into another group, the postoperative
one, comprised of the same individuals, however, with an-
other configuration that is aesthetically closer to normal.

The graphic representation of the descriptive statistics
of the preoperative and postoperative periods for each in-
dex with the added cut point obtained from the ROC curve
(Figures 5-7) showed similar results in the preoperative pe-
riod for the 3 indices; thus, it can be stated that for our
sample of patients with PEX in the physical examination,
over 75% were confirmed as having PEX. In the postop-
erative period, it was shown that for the Al, the HI, and
the LVI, the percentage of patients undergoing surgery who
presented results within normal standards was 100%, more
than 50%, and 50% respectively. Therefore, the Al can de-
tect normality standards of the external configuration of the
anterior thoracic wall not determined by the HI and the
LVL

The results obtained regarding the LVI are compatible
with those of Ohno et al,*® who studied 47 patients with
PEX and 210 normal children by means of assessments car-
ried out with the LVI and concluded that this index im-
proved in the postoperative period; however, it did not
present normal values, particularly in thin patients with a
flat thorax.

Based on our results, we are proposing the use of the
Al as an objective assessment method of patients with PEX
because of the following: a) the method is easy to apply
and has high correlation with the HI and the LVI, as well
as high accuracy in the diagnosis of PEX and b) it enables
an effective comparison between the preoperative and post-
operative periods for the patients with pectus excavatum
treated surgically.
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INTRODUCAO: O pectus excavatum (PEX) caracteriza-
se por depressdo do esterno em relagdo ao gradeado costal.
Medidas clinicas e objetivas para classificar esse defeito
sdo raras e de dificil aplicacdo. Este trabalho tem por ob-
jetivo criar um indice antropométrico para PEX (IA) como
método diagndstico e de avaliagdo pré e pds-operatoria,
comparando-o ao indice de Haller (IH) e ao indice verte-
bral inferior (IV).

METODOS: No periodo de dezembro de 2001 a feverei-
ro de 2004 foram estudados dois grupos de pacientes no
Servi¢o de Cirurgia Toracica do Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo (HC-
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FMUSP): a) 30 pacientes com a caixa tordcica com confi-
guragdo normal ao exame fisico; b) 20 pacientes portado-
res de PEX. Estes ultimos foram operados pela técnica de
Ravitch modificada por Robicsek e pelo Servigo de Cirur-
gia Toracica do HC-FMUSP, sendo estudados no pds-ope-
ratério. Todos os pacientes foram avaliados a partir do IA
(medidas clinicas), do IH (medidas tomogréficas) e do IV
(medidas radiograficas) no nivel da maior deformidade
(MD), no caso dos PEX e no terco distal do esterno (TD),
nos normais. Os pacientes operados foram novamente me-
didos entre o 60° e o 80° dia do pds-operatdrio.

RESULTADOS: Houve elevada correlacdo entre o IA e o
IH (80% p< 0,001) e entre o IA e o IV (79% p< 0,001). A
acurdcia dos trés indices foi similar, sendo que se estabe-
leceram os seguintes pontos de corte: IA= 0,12; [H= 3,10;
e IV= 0,25. Ao ser analisado o pré-operatério, foi verifi-
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cado para os trés indices, que mais de 75% dos portadores
de PEX encontravam-se acima dos pontos de corte e fo-
ram confirmados como portadores do defeito. No pés-ope-
ratério os valores dos indices encontrados abaixo do pon-
to de corte foram considerados dentro do padrdo normal e
isso ocorreu em 100% para o IA, em mais de 50% para o
IH, e em 50% para o IV.

CONCLUSOES: O IA permitiu mensurar adequadamen-
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te o defeito, mantendo: a) alta correlacdo com o [H e o IV
e elevada acurdcia, semelhante a desses indices ja consa-
grados; b) eficaz comparagdo entre o pré e pds-operatorio.
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