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Changes in thoracic torsion in adolescent idiopathic scoliosis patients within a 2-

year postoperative period 

Yonggang Wang1,2#, Dongmin Wang3#, Xuewen Kang2，Zhanjun Ma2, Yingping Ma2, 

Xuchang Hu2，Bing Ma2, Yong Yang2, Xuegang He2, Shixiong Wang1 and Bingren 

Gao1 

Abstract  

Background: Scoliosis can cause deformities of the rib cage. The three-dimensional 

(3D) shape of the rib-vertebral-sternal complex matches that of the thoracic cavity and 

is visualized as an elastic structural model that is approximately cubic in shape. This 

study was performed to evaluate the changes in thoracic torsion by measuring 

radiological parameters. 

Methods: Forty-four patients with adolescent idiopathic scoliosis (AIS) with a main 

right thoracic curvature underwent posterior spinal fusion (PSF), and radiological 

parameters of the spine and thorax were evaluated.  

Results: The correction of preoperative, immediately postoperative, and 2-year 

postoperative MT-Cobb angles were 64% and 66%. The correction of T1–T12 heights 

were 10% and 12%. The correction of RVAD was 59% immediately postoperatively 

and 52% at 2 year postoperatively. The correction of RH was 59% immediately 
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postoperatively and 52% at 2 year postoperatively. The correction of AVB-R was 23% 

immediately postoperatively and 25% at 2 year postoperatively. From the above results, 

all radiological parameters were significantly different immediately and at 2 year 

postoperatively compared to preoperatively (p < 0.001). There were significant 

correlations between MT-Cobb angle and T1–T12 height (p < 0.001), RVAD (p < 

0.001), RH (p < 0.001), and AVB-R (p < 0.001). 

Conclusion: Most cases of mild and moderate scoliosis surgery also includes the 

correction of thoracic torsion. PSF appears to be effective at correcting scoliosis, and 

the correction of thoracic torsion also plays an important role.  

Keywords: adolescent idiopathic scoliosis; AIS; posterior surgical fusion; PSF; 

thoracic torsion  

Introduction 

Adolescent idiopathic scoliosis (AIS) is a three-dimensional (3D) spine deformity that 

comprises vertebral axial rotation, lateral frontal deviation, and sagittal intervertebral 

lordosis[1]. It can cause deformities of the rib cage, which is a primary concern for the 

patient and their family as it causes significant cosmetic issues, and severe scoliosis can 

also result in cardiopulmonary dysfunction. 

In scoliosis, deformities in any plane do not develop in isolation, and the type and 

severity of the deformity may depend on the concurrent development of curvature, 

translation, and rotation in other planes[2,3]. Coronal deformity is the main problem in 

scoliosis. Due to secondary anatomical connections, this complex 3D thoracic 

deformity affects both the spine and the ribs[4]. The combined spine and rib cage 

deformity in scoliosis is best described as a thoracic deformity, and recent advances in 

imaging modalities have enabled better definition of 3D deformities of the thorax in 

scoliosis. 

The rib-vertebrae-sternum complex, which was first introduced as a concept in 

2007[2,5], exhibits a good 3D fit with the thoracic cavity and is usually visualized as 

an elastic structural model with an approximate cubic shape. Canavese et al. evaluated 



the effects of vertebral growth disorders on the development of the ribs, sternum, and 

lungs, which form part of the rib-vertebral-sternal complex[6,7]. 

Scoliosis can cause changes in costal joints and ribs. These distortions can produce a 

“convex” or “concave” half-thorax[8]. The deviation of the sternum with respect to the 

apical vertebra is the cause of lateral plane rotation deformity. If the thoracic deformity 

develops to a point where breathing, lung growth, or biomechanical movement is 

impaired, this condition is called thoracic insufficiency syndrome (TIS)[9]. 

During the growth of scoliosis patients, components of the rib-vertebral-sternal 

complex change together, raising questions about what changes will occur after 

scoliosis surgery. Timothy et al[10]. reviewed preoperative, immediately postoperative, 

and 2-year postoperative radiographic findings as well as pre- and post-operative 

computed tomography (CT) scans of 19 AIS patients with Lenke 1 curves. They 

reported that the thoracic torsion parameters exhibited moderate to good overall 

correlation with the main thoracic curve Cobb (MT-Cobb) angle, apical Perdriolle 

rotation, and apical CT rotation. These should be useful as clinical measures for 

assessing 3D deformity correction in plain radiographs, especially for the intraoperative 

evaluation of vertebral derotation and thoracic symmetry restoration. In comparison 

with CT, anteroposterior (AP) radiography examination has limitations for evaluating 

thorax deformities caused by scoliosis. However, AP radiography is still used to 

evaluate and describe thorax deformities[11,12].  

Elucidating the complex relationships between the spine, rib cage deformities, and 

pulmonary function can help improve clinical interventions for scoliosis treatment. 

Therefore, it is necessary to evaluate changes in lung function, taking into account not 

only the spinal curvature but also measurements of thoracic and rib deformities. 

At present, posterior spinal fusion (PSF) is the conventional surgical method for the 

treatment of scoliosis. Scoliosis is already known to cause changes in the thorax, but it 

is unclear what type of changes occur in the thoracic profile after scoliosis surgery. This 



study was performed to investigate changes in thoracic torsion in the postoperative 

period after scoliosis surgery. 

Materials and methods 

Data from 44 AIS patients treated with PSF between September 2015 and August 2017 

at the Spinal Surgery Department of Lanzhou University Second Hospital (Lanzhou, 

China) were collected. 

All patients were followed up for 2 year. Patient data included demographic data (age, 

sex, and body mass index [BMI]), preoperative and postoperative standing AP 

radiographs, and standing lateral radiographs of the whole spine. The inclusion criteria 

were as follows: (1) AIS patient, (2) main thoracic curve ≥ 45°, (3) right thoracic 

scoliosis, (4) no other lung diseases, and (5) Lenke type 1, 2, or 3. We excluded patients 

with obesity due to its deleterious effects on lung volume and capacity in children and 

adolescents[13,14]. In addition to obese patients, we also excluded patients with 

respiratory failure and those with primary lung diseases that affect lung function, such 

as asthma and bronchitis.  

All radiographic data were obtained using a Picture Archives and Communications 

System by two senior spine surgeons. The specific measurement methods and 

evaluation parameters used are outlined below[15-18] (Fig. 1, Fig. 2). 

MT-Cobb angle: In a standing AP radiograph, the MT-Cobb angle is found between 

two intersecting lines, i.e., the upper endplate of the main thoracic curve upper vertebra 

and the lower endplate of the main thoracic curve lower vertebra[16,17] (Fig. 1). 

Thoracic kyphosis (T5–T12 TK): Measured from the upper endplate of T5 to the lower 

endplate of T12[15,16] (Fig. 2). 

Height of thoracic vertebrae 1–12 (T1–T12 height): The vertical distance between the 

upper endplate of T1 and the lower endplate of T12[10] (Fig. 1). 

Rib-vertebra angle difference (RVAD): Measured according to the method described 

by Mehta[19,20], in which a perpendicular line is drawn to the middle of either the 

upper or lower border of the apical vertebra intersects another line drawn from the 



midpoint of the head of the rib to the midpoint of the neck of the rib, just medial to the 

region where the neck widens into the shaft of the rib. The rib line is extended medially 

to intersect the vertebral line to form the rib vertebrae angle (Fig. 1). 

Apical vertebral body-rib ratio (AVB-R): The ratio of linear measurements from the 

lateral borders of the apical thoracic vertebrae to both left and right chest walls[10] 

(Fig. 1). 

Apical rib hump prominence (RH): The linear distance between the left and right ribs 

at the rib deformity apex as measured in a lateral radiograph [10,21] (Fig. 2). 

Thoracic transverse diameter (TD): The distance to the internal surfaces of the ribs 

above the costal attachments of the diaphragm[22] (Fig. 1). 

Left and right thorax height: the distance from the apex of the thoracic cavity to the 

diaphragm dome in an AP radiograph[22] (Fig. 1). 

Space available for lungs (SAL): With reference to an AP radiograph, the height of the 

hemithorax is defined as the distance from the middle of the most cephalic rib to the 

center of the hemidiaphragm. A ratio, expressed as a percentage, is derived by dividing 

the height of the concave hemithorax by the height of the convex hemithorax, defining 

the space available for the lungs[9]. 

Thoracic anteroposterior diameter: The distance from the chest wall to the anterior 

margin of the vertebrae at the diaphragm dome level or apical vertebra of kyphosis[22] 

(Fig. 2). 

Thoracic sagittal longitudinal diameter: The distance from the apex of the thoracic 

cavity to the diaphragm dome in lateral view[22] (Fig. 2). 

The correction rate associated with each parameter was calculated as follows: % Correction =  
| preoperative data − postoperative data |preoperative data  ×  100% 

Surgical methods 

The upper and lower fixed vertebrae were established according to Lenke’s 

principle[16]. The joint capsule and surrounding soft tissue were released. Grade 1 and 



2 osteotomy were performed in the apical vertebral region[23]. The rod was bent 

according to the physiological bending angle of the sagittal plane. In addition, the rod 

was rotated, and the Cotrel-Dubousset method[24] was used for the orthopedic 

operation. 

Statistical analysis 

Statistical analysis was performed using SPSS statistical software (version 25; IBM, 

Armonk, NY, USA). Differences between preoperative, immediately postoperative, 

and 2-year postoperative indicators were evaluated using the paired t test and Wilcoxon 

signed rank test. Similarly, where appropriate, Pearson’s correlation coefficient or 

Spearman’s rank order correlation was used to assess correlations among the 

parameters. Qualitatively, we considered a correlation coefficient of 0.0–0.24 to 

indicate no to poor correlation, 0.25–0.49 low to moderate correlation, 0.50–0.75 

moderate to good correlation, and 0.76–1.0 good to excellent correlation[25,26]. In all 

analyses, p < 0.05 was taken to indicate significance. 

Results 

Assessment of demographic and spinal deformity characteristics 

Patient demographic data such as sex, age, standing height and weight, and BMI are 

summarized in Table 1. In all AIS patients, radiological characteristics indicated a right 

main thoracic curve. The most common curve pattern was Lenke type 1, which was 

found in 27 patients (61.3%). Lenke type 2 and Lenke type 3 were the second- and 

third-most common curve patterns, occurring in 10 (22.7%) and five (11.4%) of the 

patients, respectively. The apical vertebra of the main thoracic curve corresponded to 

T7 in four cases, T8 in 11 cases, T9 in 24 cases, and T10 in five cases.  

Surgical treatment and follow-up 

As noted, all patients underwent selective PSF of the main thoracic curve with a pedicle 

screw and double 5.5-mm rod. The segments that underwent fusion were selected for 



each patient according to the Lenke classification[16,27,28]. An average of 9.98 levels 

were fused per patient (range, 7–16). Postoperative follow-up averaged 14 months 

(range, 11–17 months). Clinical outcomes were not assessed in this study. However, 

there were no neurological deficits or other major complications, implant failures, or 

radiographic pseudarthrosis in the study group. 

Spinal assessments 

The average preoperative, immediately postoperative, and 2-year postoperative MT-

Cobb angles were 58.70° ± 1.86° (range, 45°–94°), 21.76° ± 1.74° (range, 5°–47°, 64% 

correction), and 20.56° ± 1.62° (range, 5°–45°, 66% correction), respectively (Table 

2). Both the immediately and 2-year postoperative MT-Cobb angles were significantly 

different from the preoperative value (p < 0.001).  

The average preoperative, immediately postoperative, and 2-year postoperative TK 

(T5–T12) was 32.72° ± 2.66°, 20.55° ± 1.60°, and 19.77° ± 1.36°, respectively (Table 

2). Both the immediately and 2-year postoperative TK (T5–T12) was significantly 

different from the preoperative value (p < 0.001). 

The average preoperative, immediately postoperative, and 2-year postoperative T1–

T12 heights were 234.16 ± 3.85 mm (range, 172–295 mm), 257.07 ± 4.33 mm (range, 

180–326 mm), and 260.86 ± 4.17 mm (range, 193–332 mm), respectively (Table 2). 

The correction rates immediately and at 2 year postoperatively were 10% and 12%, 

respectively. The immediately and 2-year postoperative T1–T12 heights were 

significantly different from the preoperative value (p < 0.001). 

Thoracic torsion assessments 

After PSF for scoliosis, the RVAD was reduced from 33.70° ± 2.76° preoperatively to 

14.61° ± 1.95° immediately postoperatively and 18.43° ± 2.17° at 2 year 

postoperatively, representing correction rates of 59% and 52%, respectively (Table 3). 

The RVADs immediately postoperatively and at 2 year postoperatively were 

significantly different from the preoperative value (p < 0.001). 



The mean RH was 22.04 ± 1.34 mm preoperatively and improved to 9.66 ± 1.02 mm 

immediately postoperatively and 6.09 ± 1.14 mm at 2 year postoperatively, 

representing correction rates of 58% and 76%, respectively (Table 3). The mean RHs 

immediately and at 2 year postoperatively were significantly different from the 

preoperative value (p < 0.001). Moreover, the value at 2 year postoperatively was also 

significantly different from value immediately postoperatively (p < 0.05).  

After orthopedic treatment for scoliosis, AVB-R improved from 2.09 ± 0.11 

preoperatively to 1.61 ± 0.09 immediately postoperatively and 1.52 ± 0.55 at 2 year 

postoperatively, representing correction rates of 23% and 25%, respectively (Table 3). 

The values immediately and at 2 year postoperatively were significantly different from 

the preoperative value (p < 0.001). 

SAL improved significantly from 1.00 ± 0.01 preoperatively to 1.08 ± 0.01 (p < 0.001) 

immediately postoperatively and 1.04 ± 0.01 (p < 0.05) at 2 year postoperatively 

(Table 3). 

There were no significant changes in TD, thoracic anteroposterior diameter (diaphragm 

level), thoracic sagittal longitudinal diameter, left and right thorax height, as shown in 

Table 3. 

Correlation analysis 

The relationships between MT-Cobb angle and RVAD, RH, AVB-R, and T1–T12 

height are shown in Table 4. MT-Cobb angle was significantly correlated with T1–T12 

height (R2
 = 0.524, p < 0.001) (Fig. 3), RVAD (R2

 = 0.320, p < 0.001) (Fig. 4), RH (R2
 

= 0.497, p < 0.001) (Fig. 5), and AVB-R (R2
 = 0.356, p < 0.001) (Fig. 6). 

Discussion 

As the spinal deformity progresses, not only is spinal growth affected but the size and 

shape of the rib cage are also modified. Therefore, scoliosis is a 3D spinal deformity. 

With the application of modern instrument technology, the 3D deformity in AIS can be 

corrected. That is, current technology can resolve the coronal, sagittal, and axial 



deformities associated with scoliosis. Given the tools currently available, the main 

purpose of the present study was to determine whether 3D thoracic deformities 

observed in AIS can be corrected. 

CT and MRI can provide the level of detail needed to assess the out-of-plane rotation 

of the spine and changes in chest volume that often accompany scoliosis. AP 

radiography is currently the gold standard for evaluating scoliosis and is a commonly 

used imaging modality due to the low level of radiation exposure, making it useful for 

longitudinal observation. Although it is sufficient for assessing the curvature of the 

spine in the coronal and sagittal planes, AP radiography is insufficient for describing 

vertebral rotation and thoracic distortion[10,28]. 

In the present study, MT-Cobb angles immediately and at 2 year postoperatively were 

significantly smaller than the preoperative angle (Table 2), reflecting obvious 

correction, and there was no significant change at 2 year postoperatively compared to 

immediately postoperatively. TK (T5–T12) immediately and at 2 year postoperatively 

was significantly less than that preoperatively (Table 2), which was mainly related to 

the bending of the rod and not to the correction of the MT-Cobb angle. After correction, 

TK (T5–T12) values fell within the normal range. 

Watanabe et al.[29] evaluated the correlation between curvature correction and 

increased spinal height in AIS. The spinal height in the anterior spinal fusion group and 

the PSF group increased significantly postoperatively. The correction of the MT-Cobb 

angle was strongly correlated with the increase in T1–L5 height, especially in the PSF 

group. In our study of spinal height changes, we found that the T1–T12 height increased 

significantly immediately and at 2 year postoperatively compared to preoperatively 

(Table 2). There was a significant correlation between the correction rate of the MT-

Cobb angle and the rate of increase in T1–T12 height (Table 4, Fig. 3), consistent with 

the findings of Watanabe et al.[29]. The T1–T12 height represents the height of the 

thorax, and an increase in this height indicates improvement in the thorax. 



The RVAD (also known as the Mehta angle) represents the asymmetry of the apical 

ribs in traditional radiographs. It was introduced as a prognostic factor for the severity 

of early-onset scoliosis and later applied to other types of scoliosis[30]. There is a 

strong relationship between the MT-Cobb angle, curve bending, the Mehta angle, and 

apical vertebral rotation. Together with the clinical Adams test, these are the most 

important radiographic torsion-related parameters in the evaluation of 2D scoliosis[11]. 

Therefore, there are questions regarding changes in the RVAD due to correction of the 

MT-Cobb angle. The results of the present study showed that the correction rate of MT-

Cobb well-correlated with changes in the RVAD (Table 4). The RVAD immediately 

and at 2 year postoperatively differed significantly from the preoperative value (Table 

3).  

The AVB-R is related to apical vertebral translation and is used to evaluate the 

correction of thoracic and lumbar spine deformities as well as scoliosis. However, in 

addition to assessing displacement in terms of thoracic apical vertebral translation, 

AVB-R can also be used to assess the overall deformity of the thoracic spine and ribs 

[10,27,31]. The AVB-R changed obviously immediately postoperatively, indicating 

that the apical vertebra exhibited good midline deviation and the coronal correction was 

good. During follow-up, the fusion outcomes were stable, and no deviation was 

observed (Table 3). The AVB-R correction rate was well-correlated with that of the 

MT-Cobb angle (Table 4). 

Trunk deformities include the rotation of the vertebral body and deformities of the back 

of the vertebral body and ribs. Previously, the main method of treatment for rib humps 

was thoracoplasty, but with the emergence of pedicle screws and the improvement of 

orthopedic techniques, surgical corrections of vertebral rotation deformities have 

achieved significant results. At the same time, secondary rib humps are also corrected. 

For mild scoliosis, the improved methods have the same outcomes as thoracoplasty, so 

thoracoplasty is now rarely employed[32]. The natural improvement rate of rib humps 

in patients without thoracoplasty is estimated to be 37%, whereas that in patients 



undergoing thoracoplasty is 40%. Although this difference is statistically significant, 

there is no significant difference in terms of clinical outcome[33]. Direct vertebral body 

rotation and vertebral coplanar alignment techniques allow more effective vertebral 

body rotation and rib hump correction[34]. Patients who did not undergo thoracoplasty 

exhibited a spontaneous improvement of the clinical rib hump of 37%. Similar results 

were obtained in the present study. The RH was well-correlated with MT-Cobb angle 

correction rate (Table 4), and preoperative and postoperative values were significantly 

different (Table 3). Rib humps were also significantly reduced. 

Spinal deformity is one cause of TIS, defined as the inability of the chest to support 

breathing or lung growth. Spinal deformity leads to thoracic deformity with a loss of 

volume and function[9,35,36]. The TD at the apical vertebra, TD at the diaphragm 

level, thoracic anteroposterior diameter (diaphragm level), thoracic sagittal longitudinal 

diameter, left SAL, and right SAL, are good indicators for evaluating thoracic 

deformity and TIS[22,37-39]. They are used as indicators of thoracic growth and 

development, and are mostly used to evaluate the differences in height and asymmetry 

of the rib cage caused by deformity of the left and right rib cages. With the exception 

of SAL, they were not significantly different among the three time points examined 

(preoperatively, immediately postoperatively, and at 2 year postoperatively). SAL 

improved significantly from1.00 ± 0.01 preoperatively to 1.08 ± 0.01 (p < 0.001) 

immediately postoperatively and 1.04 ± 0.01 (p < 0.05) at 2 year postoperatively. 

This study had some limitations. When the radiographs were taken, there was no clear 

indication of when each patient exhaled and inhaled, which might have led differences 

in chest expansion and location of the lower lung boundary. Therefore, there were some 

errors in the measurement of the transverse and sagittal chest diameters. In addition to 

the influence of thoracic volume on lung function, the functional status of other organs, 

such as the lungs and respiratory muscles, could also affect the results. There have been 

no studies of the rotation of the apical vertebra. Because of the influence of the 

postoperative instrument, the rotation of the vertebral body cannot be measured 



accurately, and no CT was performed in postoperative examinations because of the high 

dose of radiation required. 

Conclusion 

Most cases of mild and moderate scoliosis involve thoracic deformity, so correction of 

thoracic torsion is part of scoliosis surgery. Previously, thoracoplasty was performed to 

treat thoracic torsion, especially to improve the RH. Our findings confirm that there is 

a significant correlation between thoracic torsion and MT-Cobb angle. PSF can 

effectively correct scoliosis, and the correction of thoracic torsion also plays a role. This 

study showed that the correction of thoracic torsion can be evaluated based on the 

appearance of the thorax or radiography. Parameter correction rates were strong 

correlated, especially between those of the MT-Cobb angle and RH, AVB-R, and 

RVAD. We evaluated the correction of thoracic torsion by estimating the MT-Cobb 

correction rate. There were no significant changes in the transverse and sagittal 

diameters of the thorax after spinal correction, but the T1–T12 height improved 

significantly after surgery. In conclusion, with the PSF surgical technique, a greater 

MT-Cobb angle correction rate is associated with increased RH, T11–T12 height, 

AVB-R, and RVAD correction rates, and these correction rates are positively 

correlated. 
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Figures

Figure 1

Radiographic parameters of the spine and thoracic coronal plane (MT-Cobb:Main thoracic curve Cobb’s
angle ; T1–T12 height: height of thoracic vertebrae 1 to 12; RVA: Rib vertebra angle ; AVB-R: Apical
vertebral body–rib ratio).



Figure 2

Radiographic parameters of the spine and thoracic sagittal plane (T5–T12 TK:Thoracic kyphosis; RH:
Apical rib hump prominence).



Figure 3

Correlation between main thoracic curve (MT)-Cobb angle and height of thoracic vertebrae 1–12 (T1–
T12 height) correction rates



Figure 4

Correlation between MT-Cobb angle and rib-vertebra angle difference (RVAD) correction rates



Figure 5

Correlation between MT-Cobb angle and apical rib hump prominence (RH) correction rates



Figure 6

Correlation between MT-Cobb angle and apical vertebral body-rib ratio (AVB-R) correction rates


