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Objective : It can be assumed that the progression of scoliosis in the juvenile period will increase the asymmetry in the rib cage, 
and thus will contribute to an increase in the breast asymmetry (BA) in the future. We are looking for answers to the questions; “How 
will the breasts look with respect to each other and what is the possibility of developing BA in the early follow-up period following 
the early surgical treatment and final fusion surgery of juvenile idiopathic scoliosis (JIS)?” For this reason, in this study, we aimed to 
evaluate the breast asymmetries of patients in the period after the final fusion.
Methods : Following growing rod treatment, final fusion was achieved in 12 females with JIS. We used the anthropomorphic 
measurement of the modified BREAST-V formula to assess whether there was an asymmetry between the breasts after an average 
of 4.8 years (2–11) following final fusion.
Results : In comparison, the mean volume of the left breast (222.4 mL [range, 104.1–330.2]) was larger than the mean volume of 
the right breast volume (214.5 mL [range, 95.2–326.7]) (p=0.034). The left breast was larger in 75% of the patients. BA was observed 
in 50% of the patients. No correlation was detected between the Cobb angle of the patient after final fusion and BA (p=0.688).
Conclusion : In the late follow-up period, BA was detected in 50% of the patients with JIS who achieved final fusion after 
treatment with growing rod. In majority of the patients, left breast was larger. The patients with JIS and their families can be 
informed prior to the operation about the probability of BA seen in the follow-up period after fusion.
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INTRODUCTION

Scoliosis is a 3-dimensional torsional deformity of the 

spine14,15,17,27), and is frequently seen with unilateral protrusion 

of the ribs on our back especially in the scoliosis of the thorac-

ic region7,18,26). Both in historical and modern-day treatments, 

correction of the clinical scoliotic deformity in early-onset 

scoliosis (EOS) has been the main focus of posterior interven-
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tion, in deformity correction during spinal fusion after treat-

ment with growing rod for EOS. The thoracic curve is suc-

cessfully treated with final fusion performed with posterior 

pedicle screw instrumentation following the treatment of EOS 

with growing rod. Previously, the spine surgeons had concen-

trated only on the posterior deformity, rather than the defor-

mity of the anterior chest wall1,2,5,33,35). However, when scoliosis 

patients look in the mirror, they can face cosmetic problems 

as they encounter asymmetry in the breast and anterior wall 

of the chest. Recently, in addition to the cosmetic appearance 

of the back of the body in scoliosis, the appearance of the front 

of our body has begun to gain importance. Many studies have 

focused on objectively demonstrating the presence of breast 

and chest wall asymmetry in scoliosis patients8-10,22,24,28,29,31,34). 

Shape of the anterior chest wall is highly variable in scoliosis 

patients with similar Cobb angles. Correction of the thoracic 

scoliosis after surgical treatment may lead to anterior chest 

wall deformity, but in some cases the deformity may continue 

unchanged, or the existing protrusion may increase and wors-

en. Although the protrusion on the anterior costal projection 

on concavity does not lead to an important complaint like the 

rib hump on the back; this unpleasant anterior costal projec-

tion leads to cosmetic chest wall deformity which distorts the 

appearance of the body and causes a cosmetic concern in pa-

tients by contributing to breast asymmetry (BA)21).

The positive or negative effects of prevention of the defor-

mity progression with early treatment both on the differential 

changes of the anterior chest wall and on the breast mass in 

the late follow-up period can be an issue of concern for juve-

nile idiopathic scoliosis (JIS) patients. 

Since the effect of managing the deformity on breast devel-

opment and BA is not known in patients with scoliosis oper-

ated with the growing rod technique, in this study, we aimed 

to evaluate the possibility of developing BA and the condition 

of the breasts with respect to each other in the long follow-up 

period following the prevention of the scoliosis progression in 

JIS patients treated with the growing rod method. 

MATERIALS AND METHODS

The study was approved in advance by the Institutional Re-

view Board (RY-2019-18) and all patients signed an informed 

consent form. Growing rod technique was used in 12 female 
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patients with EOS due to juvenile idiopathic etiologies, betwe-

en the years 2007 and 2012 in institution. Criteria for inclusion 

in the study, respectively : 1) girl patients with right JIS, 2) fi-

nal fusion patients, 3) patients with structural thoracic curve, 

4) tanner stages of breasts : 4 and >4, 5) photographied pa-

tients with body erect, arms on the side at follow up period af-

ter final fusion, 6) no additional malfarmation on the anterior 

chest wall (such as pectus excavatum and pectus carinatum), 

7) no operation relation to the anterior chest wall and BA, and 

8) patients with risser sign 4 and 5 and >2 years postmenarche. 

The following exclusion criteria were applied : 1) patients with 

a history of augmentation mammaplasty or any other breast 

surgery. Clinical results are presented in Table 1. Mean age 

was 8.6 years (range, 6–11) preoperatively. The mean followup 

age after final fusion was 16.5 years (range, 14–22). The mean 

follow-up period after the final fusion was 4.8 years (range, 

2–11). Dual growing rod technique was performed in eight 

patients and single growing rod technique was performed in 

four patients. The mean number of lengthening was 4.8 (ran-

ge, 3–7). Twelve patients were followed until definitive surgery, 

and finally treated with posterior segmental instrumentation 

and fusion.

In anteroposterior radiographies, major curve Cobb angle 

was measured preoperatively, early postoperatively and during 

the last follow-up after final fusion (Fig. 1).

In order to perform morphological measurements of the 

breast in the follow-up period after final fusion, anterior, pos-

terior and lateral photographs of the patients were taken in 

erect position and with their arms on the side and clothing 

off. A total of three morphological parameters were employed 

for the estimation of breast profile and symmetry by selecting 

a number of anthropological points. The measured parame-

ters were the following : sternal notch-nipple distance (SN-N), 

breast projection (BP), and nipple-inframammary fold dis-

tance (N-IMF) (Fig. 2). Breast volume (BV) was calculated us-

ing the modified BREAST-V formula : BV =  -231.66 + 0.5747 

Fig. 2. Three morphological parameters on breasts profile : 1) sternal notch-nipple distance (SN-N); 2) nipple-inframammary fold distance (N-IMF); and 
3) breast projection (BP) (patient No. 12).

Fig. 1. A : Preoperative anteroposterior and lateral radiography. B : Early postoperative anteroposterior and lateral radiography (patient No. 12).

A B
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Table 2. Coronal and sagittal radiological parameters result

Min–max Median Mean±SD p-vlaue* p-value†

Cervical lordosis (C2–C7)

Preoperative 10–44 28.5 26.5±12.5

Postoperative 7–43 25.0 22.5±12.1 0.414‡

Last follow-up 3–59 16.0 21.7±18.4 0.271‡ 0.480‡

Thoracic kyphosis (T1–T12)

Preoperative 33–72 48.0 50.8±12.7

Postoperative 23–59 40.0 40.9±11.0 0.014‡

Last follow-up 21–55 38.0 37.4±11.9 0.021‡ 0.182‡

Lumbar lordosis (L1–S1)

Preoperative 35–67 46.5 50.3±11.4

Postoperative 29–64 47.0 45.1±12.0 0.530‡

Last follow-up 23–62 46.0 44.0±10.8 0.230‡ 1.000‡

Pelvic tilt

Preoperative -4–23 4.0 5.9±8.2

Postoperative -7–29 7.0 7.3±9.3 0.624‡

Last follow-up 0–23 6.5 7.9±7.9 0.221‡ 0.919‡

Sacral slope

Preoperative 21–50 40.5 39.5±10.1

Postoperative 24–49 39.0 37.5±8.0 0.263‡

Last follow-up 19–74 36.5 36.9±14.3 0.386‡ 0.959‡

Pelvic incidance

Preoperative 28–67 46.0 45.7±12.4

Postoperative 28–69 43.5 45.2±12.2 0.799‡

Last follow-up 28–74 41.5 45.1±14.5 0.937‡ 0.799‡

Torakal scoliosis Cobb angle

Preoperative 28–72 51.0 52.7±13.4

Postoperative 7–56 31.0 31.4±14.4 0.002‡

Last follow-up 7–52 26.5 27.7±12.0 0.002‡ 0.476‡

Sagittal balance (cm)

Preoperative -7–4 -1.2 -0.7±3.5

Postoperative -7–6 -1.9 -1.3±3.5 0.505‡

Last follow-up -7–3 -3.0 -2.4±3.0 0.084‡ 0.755‡

Coronal balance (cm)

Preoperative 0–4 1.2 1.4±1.2

Postoperative 0–3 1.0 1.1±0.7 0.270‡

Last follow-up 0–2 0.5 0.7±0.7 0.116‡ 0.259‡

T1-S1 distance (cm)

Preoperative 27–36 30.9 31.1±2.4

Postoperative 30–37 33.2 33.4±2.3 0.002‡

Last follow-up 31–40 36.3 35.9±3.2 0.002‡ 0.002‡

*Compared with preop period. †Compared with postop period. ‡Wilcoxon test. SD : standard deviation, C : cervical, T : thoracic, L : lumbar, S : sacral
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× (SN-N)2 + 18.5478 × BP + 14.5087 × (N-IMF)16). A differ-

ence of over or below 5% between the volumes of two breasts 

were considered as BA.

Statistical analysis
SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, 

USA) was used for statistical analysis. Descriptive statistics; 

number and percentage were used for categorical variables; 

mean and standard deviation were used for numerical variab-

les. Mann-Whitney U test were used for comparison of two 

groups for variables without normal distribution. The rate of 

the categorical variables among the groups was tested by the 

Fisher’s exact test. The Wilcoxon signed-rank test were used 

for comparision of two related samples without normal distri-

bution. Statistical significance level of alpha was accepted as 

p<0.05.

RESULTS

The data of patients are presented in Tables 1 and 2. Mean 

age was 8.6 years (range, 6–11) preoperatively. The mean en-

dest follow-up age was 16.5 years (range, 14–22). The mean 

treatment time was 3 years (range, 2–4.1). The mean lengthe-

ning number was 4.8 (range, 3–7). The mean lengthening in-

terval was 7.7 months (range, 6–12).

The mean preoperative major curve Cobb angle, which was 

51° (range, 28°–72°) improved to 31° (range, 7°–56°) in the ini-

tial postoperative period (p<0.05). In the follow-up period, it 

was measured as 26.5° (range, 7°–52°) (p<0.05).

The follow up after final fusion, average morphological bre-

ast parameters are summarized in Table 3. The mean left BV 

(222.4 mL [range, 104.1–330.2]) was larger than the mean right 

breast volume (214.5 mL [range, 95.2–326.7]) (p=0.034). No as-

sociation was detected between the Cobb angle of the thoracic 

scoliosis patient in the preoperative, postoperative baseline and 

the late follow-up period after final fusion and BA (p=0.092, 

p=0.873, p=0.688).

In right thoracic scoliosis, BA (5% or more in percentage) 

was present in six of the 12 patients (50%). The left breast was 

larger in nine of the 12 patients (75%).

BA was present in two of the six patients (33.3%) with a pre-

operative thoracic scoliosis Cobb angle of >50° and four of the 

six patients (66.7%) with a Cobb angle of <50° (p>0.05).

BA was present in three of the six patients (50%) with a tho-

racic scoliosis Cobb angle of >25° in the late follow-up period 

after fusion and three of the six patients (50%) with a Cobb 

angle of <25° (p>0.05). No statistically significant difference 

Table 3. Scoliosis and breast measurements of patients

No.

The mean 
preoperative 
major curve 
Cobb angle 

(°)

The mean 
initial 

postoperative 
period  major 

curve Cobb 
angle (°)

The mean 
follow-up 

period major 
curve Cobb 

angle (°)

Breast morphological parameters (endest follow-up period)

Left SN-N 
(mm)

Left BP 
(mm)

Left 
N-IMF 
(mm)

Left 
breast 

volume 
(mL)

Right 
SN-N 
(mm)

Right 
BP 

(mm)

Right 
N-IMF 
(mm)

Right 
breast 

volume 
(mL)

Breast 
asymmetry

1 45 30 17 233 71 82 330.2 234 68 81 326.7 No

2 70 56 25 214 90 78 311.6 217 90 74 313.2 No

3 62 32 40 228 49 86 282.4 227 50 83 277.6 No

4 65 35 28 200 66 91 252.7 196 61 86 227 Yes

5 59 24 33 195 63 67 200.9 186 65 72 192.2 No

6 28 12 25 214 45 84 222.3 196 47 88 204 Yes

7 40 23 15 187 49 42 121.1 190 47 47 131.2 Yes

8 48 7 7 201 49 77 203.1 207 47 73 207.7 No

9 54 49 36.6 180 47 43 104.1 180 46 41 95.2 Yes

10 41 34 30 201 49 53 168.4 198 44 48 144.9 Yes

11 72 47 52 223 71 60 272.9 225 67 58 267.7 No

12 48 28 24 201 52 70 198.5 199 51 66 186.3 Yes

SN-N : sternal notch-nipple distance, BP : breast projection, N-IMF : nipple-inframammary fold distance
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was detected between the BVs of the right and left breasts with 

a thoracic scoliosis Cobb angle of >25° or <25° in the late fol-

low-up period after fusion (p>0.05).

The thoracic apical vertebra was the T6 vertebra in one pa-

tient (8.3%), T8 in two patients (16.7%), T7 in three patients 

(25.0%) and T9 in six patients (50%). There was no statistical-

ly significant difference regarding BA between the patients 

whose thoracic apical vertebra was the T9 vertebra versus tho-

se with a thoracic apical vertebra above T9 (p>0.05).

DISCUSSION

Breast is a very difficult organ to measure due to its various 

sizes, contours, width, length, depth, projection, nipple level 

and volume. In evaluation of the BA, parameters such as 

breast mound volume, inframammary fold position, nipple-

areola complex size and position, scoliosis, pectus excavatum/

carinatum, rib aring and kyphosis/lordosis are affected and 

makes the evaluation complex30). Various methods have been 

used to measure breast volume.

There are different methods of measuring the breast volume 

such as three-dimensional (3D) laser scans, nuclear magnetic 

resonance imaging (MRI), computed tomography (CT), ther-

moplastic casting and anthropomorphic methods4,16,19,20,32). 

Although 3D modelling and MRI measuring methods are 

more reliable in comparison to mathematical modelling 

methods, unfortunately, 3D laser scan, CT, and MRI are too 

costly for routine assessments. Thus, anthropomorphic meth-

od is suggested as a simple way of evaluating and estimating 

breast volume4). The ideal measurement technique should be 

comfortable for the patient, radiation-free, non-invasive and 

low-cost, and most reliable close to reality9,20). The closest one 

to this purpose was the anthropomorphic measurement tech-

nique using photographs, and we preferred this technique in 

evaluating our cases.

BA is defined as the difference in the shape, position or the 

volume of the breast or nipple (nipple-areola complex) com-

plex. Following the curve progression of the spine at early 

ages, the axial plane and the rib cage also undergo torsion and 

gains a structural deformity; and an asymmetrical contour 

develops on the anterior wall surface of the rib cage at ad-

vanced age6,13,15,23,31). Increased asymmetry in the thoracic cav-

ity, seen concurrently with the progression of the deformity in 

scoliosis patients, causes an increase in the size of the breasts 

as well as a change in their position9,15,17,24,31). In right thoracic 

scoliosis patients, a protrusion of the rib is seen on the anterior 

surface of the chest wall, on the concave side24). This develop-

mental phase is accompanied by the bilateral development of 

mammary glands. Spontaneous bilateral BA is widely ob-

served22). The left breast is located more caudally and is larger 

in female adolescents with right thoracic idiopathic scolio-

sis28,34). In Shi et al.’s study31), the incidence of BA in surgically 

treated female right thoracic idiopathic scoliosis is notable, 

with the concave breast being larger, more extroversive, and 

more concentrated than the convex breast. In our study, we 

established that left breast was larger in 75% of the patients.

In the beginning, the coronal spinal curvature is more prom-

inent in the posterior part of the scoliosis35); whereas in later 

stages the posterior spinal sagittal plane begins to gain impor-

tance2,3). Ignorance of the anterior side of the rib cage leads to 

postoperative cosmetic failure, physiological distress and in-

creased asymmetry of the breast. For this reason, attention is 

now focused on the BA in scoliosis patients11,12,21,22,25,28,31,34). It 

can be necessary to inform and evaluate the scoliosis patients 

both posteriorly and anteriorly. Scoliosis patients and their 

families can be informed about the possibility of having a BA 

before and after surgery.

Ramsay et al.28) reported a weak positive correlation be-

tween the BA and Cobb angle in girl patients with idiopathic 

scoliosis but also stated that the difference was statistically in-

significant. The authors also found no statistically significant 

correlation between BA and thoracic rib hump. Similarly, in 

the study of Shi et al.31), it was reported that there was no sta-

tistically significant difference between the BA and the Cobb 

angle. In another study, Tsai et al.34) found that the severity of 

scoliosis showed significant correlation with the breast volume 

asymmetry differences. The authors discovered that, when 

untreated, each degree in the Cobb angle created a volume 

difference of approximately 3 mL in scoliotic children. The 

authors determined that the imbalance on the shoulder and 

posture, together with scoliosis, caused asymmetrical differ-

ences in the inframammary fold level34). It was shown that the 

prevalence of psychopathology in patients with scoliosis was 

significantly increased in comparison of those with a Cobb 

angle above 10 degrees with the normal population7). In Duri 

et al.’s study10), BA was correlated with the preoperative curve 

size. In our study, we could not establish a statistically signifi-
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cant relationship between the Cobb angle and BA measured 

in the preoperative period and the late follow-up period after 

final fusion (p>0.05). Obviously, these results may be due to 

the small number of our patients.

Regardless of the amount of curve correction achieved and 

the surgical technique, the improvement in the BA perception 

of the patients developed positively in the postoperative two 

years after spinal fusion. The authors suggested that this find-

ing was important in enlightening the patients and their fami-

lies about what could happen in the future10). In our study, 

while the mean follow-up period after the final fusion was 4.8 

years (2–11), 50% of our patients had BA.

This study is the first study focusing on evaluating the BA 

after growing rod treatment of JIS. As for the limitations of 

the study; first, we could not prospectively evaluate the chang-

es in BA of the patients since we did not have their unclothed 

photos before initial surgery, after initial surgery and before 

fusion. As a result, it was not possible to evaluate whether the 

BA and the breast mass gave an adaptive remodeling response 

to the changes in the rib cage with intermittent extensions. 

We used a less reliable method than other methods as the 

measurements were performed using photographs. The ab-

sence of a control group and the small number of patients 

were the other limitations of our study. It can be concluded 

that further randomized, controlled trials with high method-

ological quality and large number of patients are required to 

evaluate efficacy of growing rod application on BA of patients 

with JIS.

The BA seen in 50% of the EOS patients in the late period 

after the final fusion points out to the need that the patients 

and their family can be advised about this issue.

CONCLUSION

BA was detected in 50% of the patients with JIS after end of 

treatment with growing rod. In 75% of the patients, left breast 

was larger. JIS patients and their families can be informed 

about the possibility of having a BA after end of treatment 

with growing rod.
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