
Introduction

Scoliosis is a three-dimensional deformity, affecting the
shape of the back. It is a deformity mostly seen in females
[38]. In the adolescent age group, after the diagnosis, both
the parents and the child seek the best treatment for al-
lowing the patient to return to their daily activities without
any residual deformities.

Scoliosis can cause deformities in the coronal plane in
different magnitudes correlated with the Cobb measure-

ments, and it can also deform the vertebral column in the
sagittal plane, presenting as typical loss of kyphosis in
scoliosis or kyphotic curves. This is especially the case in
those who are susceptible due to an underlying defect in
the connective tissue like Marfan syndrome [29]. It also
has a deforming feature in the transverse plane due to the
rotation of the vertebral bodies, and it was thought that
this rotation in the vertebral column causes the deformity
in the upper back known as the rib hump [1, 9].

However, there are several studies questioning the role
of vertebral rotation in the development of the rib hump.
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Some researchers think that the development of the rib de-
formity in the back is not closely related to either the de-
gree of vertebral rotation or the magnitude of the curve
[11, 12, 16, 27, 35, 36, 37]. Some studies indicate that
there are changes in the posterior elements of the vertebral
column causing the rib deformity, which may be indepen-
dent of the rotation in the vertebral column [11, 32, 33,
34].

The persisting deformity of the ribs after scoliosis sur-
gery results, in some patients, in dissatisfaction with their
self-image. Although most of the orthopedic surgeons are
well aware of this deformity nowadays, it is a common
occurrence that, after a combined successful thoracoplasty
and scoliosis surgery, a deformity may remain in the up-
per back due to residual rib deformity.

There is some evidence to indicate that rib deformity
may not be closely related to the Cobb measurements or
the amount of rotation in the vertebral column. This study
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Fig. 1 A scanogram is used to determine the level of the rib that
corresponds to the exact vertebral level

Fig. 2 Three-dimensional (3D)
computed tomography (CT) re-
constructions of the spine of
the same patient as in Fig. 1 
is used for checking to see
whether the level of the rib
measured in the scanogram
matches the measured vertebral
level



is designed to see whether this assumption is true, and to
show the relation between scoliosis and rib hump.

Materials and methods

Patients with scoliometer measurements of over 10° [14], who
were candidates for scoliosis surgery and also needed thora-
coplasty for correction of the deformity in the back, were recruited
for the study. There were eight female, and three male recruits,
with an average age of 15 years.

All of the patients were properly informed about the radiation
exposure and gave their consent, and standing anteroposterior
(AP) T1–S1 radiographs were obtained. From the AP radiographs,
the type of curve according to King [15] and the apical vertebra
was defined, and the Cobb angle for the major curve was mea-
sured, with the most rotated vertebra being defined according to
Nash and Moe’s method [23].

Computerized tomography (CT) scans of the vertebral column
from each patient were obtained with the recruits lying supine on
the table. Determination of the exact level of the rib that corre-
sponds to a certain vertebral level is difficult from transverse CT
slices alone, due to the downwards sloping of the ribs. Two tech-
niques were therefore used to determine the exact level of the ver-
tebra that corresponds to the measured rib deformity.

First, from each CT scan, a scanogram was taken, and from
these scanograms, the level of the rib that was going to be mea-
sured for the rib deformity was matched with the exact corre-
sponding vertebral level (Fig. 1).

In addition, three-dimensional (3D) reconstructions were done
to detect and check to see whether the level of the rib deformity
corresponded exactly to the level of the vertebra obtained from the
scanograms (Fig. 2, Fig. 3).

The rib deformity was then measured at the pre-defined level
of the corresponding vertebra on the transverse plane slices of CT
scans, by the angle formed between a horizontal line drawn paral-
lel to the table, and the line drawn tangential to the rib deformity.
This angle, which shows the magnitude of the rib deformity at
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Fig. 3 Different views of 3D
reconstructions are used to
confirm that the predetermined
level of the rib exactly matches
the measured vertebral level in
the same patient



each corresponding vertebral level, is called the angle of trunk ro-
tation (ATR). In this way, the maximum ATR and the correspond-
ing vertebral level was found for the scoliotic curve (Fig. 4).

The amount of vertebral rotation about the longitudinal axis
relative to the sagittal plane was measured at each vertebral level
using the technique described by Aaro and Dahlborn [2]. A per-
pendicular line starting from the posterior central aspect of the ver-
tebral foramen is drawn to the horizontal, and the angle formed be-
tween this line and the line drawn starting from the posterior cen-
tral aspect of the vertebral foramen, crossing the middle part of the
vertebral body, gives the angle of vertebral rotation at each verte-
bral level about the longitudinal axis relative to the sagittal plane
(AVR) (Fig. 5). This information allowed us to establish which
was the most rotated vertebra on CT scan.

Statistical analysis, using the Mann-Whitney-U test in the
SPSS 9.0.0 (Statistical Programs for Social Sciences) statistical
package, was performed to see whether the AVR correlates with
Cobb angle measurements, and the whether the ATR correlates
with either the Cobb angle or the AVR.

Results

There were three King type I, six type II, and two type III
curves, with an average Cobb angle of the major curve of
54.6°. The most rotated vertebra coincided with the apex
of the curve in all but one King type I and one type II
curve; in both these exceptions, the curve apex was lo-
cated at the disc space below the most rotated vertebra
(Table 1).

The average ATR for the whole group was 11.9°, and
the average AVR was 18.6°. When the levels of the most
rotated vertebra on the AP radiographs were compared to
those identified on the CT scans, they were found to be at
the same level on both imaging techniques in five pa-
tients. However, in four patients the most rotated vertebra
measured on CT scan was found to be located one level
lower, and in two patients one level higher than on the ra-
diographs (Table 1).

The corresponding vertebral level of the maximum
ATR measured on CT scan was compared with the level
of the maximum rotated vertebra as measured on CT scan.
They were found to be at the same level in two recruits,
while the maximum ATR was found to be one vertebral
level lower in five, two levels lower in three patients, and
three levels lower in one patient (Table 1).

The results showed that the AVR has a significant rela-
tion with the magnitude of the Cobb angle measurements
(P<0.05). However, the ATR has no significant relation to
either Cobb angle measurements or the AVR (P>0.05).

The results obtained from the whole study group can
be seen in Table 1.

Discussion

Scoliosis is a three-dimensional plane deformity, causing
changes in the transverse, sagittal and coronal planes.
Since it is a deformity mostly affecting the shape of the
body, and, after progression of the deformity, affecting
other parts of the body like pulmonary function, it has to
be treated. There are several methods of treatment, in-
cluding observation, bracing, casting, and eventually sur-
gical correction [22, 24, 26, 28, 38].

Surgical correction of the deformity is being continually
improved, as newer and better instrumentation systems are
manufactured for surgery. Although these newer systems
and better surgical techniques can correct the sagittal, coro-
nal and rotational deformities, there are still some decom-
pensational problems, residual deformities and persistence
of the rib hump in the upper back [5, 6, 17, 18, 19, 20].
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Fig. 4 Measurement of the angle of trunk rotation (ATR) on CT
scan. On transverse CT slices, the ATR is given by the angle
formed between a horizontal line drawn parallel to the table (a–c),
and the tangential line drawn to the rib deformity (a–b) (s sternum,
vb vertebral body, sp spinous process, r ribs)

Fig. 5 Measurement of the angle of vertebral rotation (AVR). On
transverse CT scan slices, a perpendicular line starting from the
posterior central aspect of the vertebral foramen is drawn to the
horizontal (b–c) and the angle formed between this line and the
line drawn starting from the posterior central aspect of the verte-
bral foramen, crossing the middle part of the vertebral body (b–a)
gives the AVR (s sternum, vb vertebral body, sp spinous process,
r ribs)



The deformity of the ribs in scoliosis has attracted the
attention of researchers because it is a deformity that can
aid in the diagnosis of the disease [7, 9]. Forward bending
in either standing or sitting position can amplify the rib
deformity, which can help the diagnosis to be made. The
scoliometer was invented in order to detect the deformity,
and it can also give an idea about the magnitude of the de-
formity [7].

This feature of the disease has made it possible to in-
troduce school screening programmes for early diagnosis,
either using forward bending alone, or using the Bunnell
scoliometer for exact measurement of the rib deformity
[8, 21].

However, there are debates about the rib deformity and
its use in screening, since it can change according to the
position of the patient [10, 25, 31, 36]. Some researchers
think that the forward bending test should be done in the
standing position, while others think that it should be
done sitting, and a third group think that there is no dif-
ference in the measurements according to the posture of
the child. Although there are debates about the position of
the patient during the Adam’s forward bending test, scol-
iometers are used to diagnose scoliosis using the rib de-
formity in the back. However, after these screening ef-
forts, it is apparent that some patients with a high degree
of rib deformity may have a very small Cobb measure-
ment, and vice versa [13, 35, 36]. In fact, some patients
with a severe deformity in the ribs may not even have a
scoliotic curve. So these findings have resulted in ques-
tions being raised about the effectiveness of school screen-
ing programs in diagnosing scoliosis.

Some researchers have also started looking at the rib
deformity, and questioning its correlation with Cobb mea-
surements. Some think that scoliometer measurements are
directly correlated with the magnitude of the curve,
whereas others think that they are not [1, 7, 9, 13, 16, 35,
36]. There are some studies showing that rib deformity is
a feature independent of both the Cobb measurements and
vertebral rotation [11, 12, 35].

Since the rib deformity is not well understood, there
are also problems in correcting the hump during scoliosis

surgery. Costoplasty was invented for this purpose: to cor-
rect the rib deformity by extracting the ribs causing the
deformity [4, 14, 27, 30]. Most surgeons extract the ribs at
the apex of the scoliotic curve, hoping to correct the rib
hump. However, in some cases there will be a persistent
rib deformity, causing dissatisfaction with the result of the
surgery.

As ribs slope obliquely downwards, it is difficult to
predict which vertebral levels one is making measure-
ments for. The complex technique of obtaining scano-
grams followed by 3D-CT reconstructions is used in an
effort to address this difficulty. First a scanogram is ob-
tained, then, using the scanogram, the rib and the corre-
sponding vertebral level are identified, and this is fol-
lowed by a second check using the 3D reconstructions.
Only once the level of the rib for a certain vertebra has
been identified by this technique is the ATR measured for
that vertebral level.

Although the number of recruits in this study was
small, the results clearly show that, in many patients, the
most rotated vertebra as identified on CT scan is not the
same as that identified on AP radiographs. Hence, it is
also found that the level of maximum ATR measurements,
reflecting the peak of the rib deformity, does not always
coincide with the level of the most rotated vertebra. This
feature of the rib deformity revealed in this study may
help to clarify why there are failures in some patients af-
ter thoracoplasty. The fact that the study was conducted
with the recruits lying in a supine position for the CT
scans could be argued to be limitation, because the maxi-
mum ATR can change in accordance with the position of
the patient. However, vertebral rotation can also change,
as shown by a study conducted by Acaroglu et al. [3]. It can
therefore be postulated that, while there may be changes
in the measurements made due to the patients’ supine ly-
ing position, this study is able to give an idea about rib de-
formity and whether it matches up with Cobb angles and
the amount of vertebral rotation. Consequently, in this
study it is shown that there is no relation between the ATR
and either Cobb angle measurements or the AVR. It
should also be noted that the most rotated vertebra differs
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Table 1 Results of the study
group(AVR angle of vertebral
rotation, ATR angle of trunk
rotation)

a Measured on anteroposterior
radiographs according the tech-
nique of Nash and Moe
b Measured on CT scan

Patient King Cobb Most rotated Apex Max AVR Max ATR 
type angle vertebraa and levelb and levelb

1 II 50° T8 T7-8 17° (T8) 12.5° (T9)
2 I 58° T7 T7 23° (T7) 11° (T8)
3 II 44° T8 T8 15° (T9) 16° (T10)
4 II 54° T8 T8 14° (T7) 9° (T8)
5 II 46° T9 T9 22° (T9) 13° (T10)
6 III 56° T10 T10 13° (T9) 10° (T12)
7 III 68° T9 T9 25° (T9) 15° (T11)
8 II 56° T9 T9 20° (T10) 7° (T12)
9 II 57° T8 T8 19°(T9) 14.5° (T9)

10 I 57° T7 T7-8 22° (T7) 10° (T9)
11 I 54° T7 T7 15°(T8) 13° (T8)



between standing radiographs and CT scans, and this
might be due to the fact that CT scans are taken with the
patient lying down. However, since both of the parameters
(ATR and AVR) may change due to the lying position of
the patient in CT scan, we think that a standardization is
obtained within the group, which enables a statistical
analysis.

Although the rib deformity is mostly noticed by the
parents while the child is bending forward for some rea-
son, both parents and child are more concerned about the
deformity in the back due to the deformity in the vertebral
column. They are not aware of the fact that the rib defor-
mity, when inefficiently corrected during surgery, may re-
sult in dissatisfaction with the results of the surgery.
Though, the scoliotic deformity is well corrected, it is a
common occurrence that the patient becomes aware of the
uncorrected or partially corrected rib deformity, and com-
plains about and questions the results of the scoliosis sur-
gery. In light of the findings obtained in this study, we
think that the scoliosis surgery and rib resection should be
evaluated and planned separately. In patients who have a
definite cosmetic deformity, and a rib deformity of >10º,
we think that a preoperative CT evaluation with a scano-
gram may be performed. The sole indication for this
should be to define the exact level of the ribs that are go-
ing to be resected in patients who are preoperatively

planned for thoracoplasty, and it is not advisable for use in
all preoperative scoliosis patients. The rib deformity can
recur after a scoliosis surgery, and a second operation for
rib resection may be needed [12, 14, 37]. Although there
is an increased risk of radiation exposure, the cost of ob-
taining a preoperative CT evaluation is lower than a sec-
ond operation for uncorrected or recurring rib deformity.
Therefore, the patient and the parents should be informed
about the rib deformity beforehand, and a CT scan should
be taken to effectively detect the levels of the rib defor-
mity, if a thoracoplasty is going to be performed.

Conclusions

Rib deformity seen in scoliosis is not related to either the
magnitude of the Cobb angle of the curve or the amount
of vertebral rotation. Since it is a deformity affecting the
shape of the back, it has to be treated effectively. For this
reason, a preoperative CT scan for determination of the
exact levels of the maximum rib deformity in patients
with a severe hump is necessary for effective planning of
the operative extraction of the ribs. A scanogram or a 3D
reconstruction of the spine and ribs will help define the
exact level of the rib deformity that corresponds to a cer-
tain vertebral level.
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