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Abstract
Background: There are different classifications for adolescent idiopathic scoliosis (AIS), among which Lenke classification is the
most recent and comprehensive method. It is 3 dimensional and treatment organized. In most previous studies, thoracic hypokyphosis was more common, but it may be different in many patients.
Objectives: The current study aimed at assessing the prevalence of thoracic hyperkyphosis in AIS for the first time in Iranian population.
Methods: The study was performed retrospectively on 242 patients with AIS treated surgically in the university hospital from 2009
to 2014. Three parameters were evaluated in each patient including the 6 curve types of Lenke classification, thoracic sagittal balance, and lumbar spine modifier.
Results: Adolescent idiopathic scoliosis was more common in female patients (83.5%). Type one curve was the most common type
(48%). In lumbar spine modifier, type A was the most common (44%), similar to other studies. Hyperkyphosis was the most common
type of thoracic sagittal balance (54%), which was in contrast to the original study by Lenke. The mean thoracic sagittal balance was
hyperkyphosis in all Lenke types except type 5, which was normal. No relationship was found between the prevalence of thoracic
kyphosis, and lumbar spine modifier, or the 6 types of Lenke classification.
Conclusions: The frequency of different types of curves in Iranian population was the same as that of the original article by Lenke
except that in the current study more thoracic hyperkyphosis was observed than hypokyphosis in the population.
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1. Background
Old classifications of scoliosis such as the introduced
ones by King are based on the coronal plane of thoracic
curve (1). Due to more understanding of 3-dimensional
character of spinal deformity in adolescent idiopathic
scoliosis (AIS), (2-4), and new segmental instrumentation
emerged recently (5-8), attention is paid to sagittal balance
and rotation of the spine. This led to a new classification
system, which incorporated these parameters in itself and
was introduced by Lenke et al. ( 9). The Lenke classification
considered 3 parameters:
1. Coronal plane of the curve,
2. Thoracic sagittal balance, and
3. Translation of lumbar curve from central sacral line
(9).
Although there is a hypothetical relationship between

coronal curve and thoracic hypokyphosis in AIS, there are
not plenty of studies on the prevalence of different types of
thoracic kyphosis (TK) in AIS. In most of the available studies, the frequency of hypokyphosis was more in AIS than
hyperkyphosis (10).
2. Objectives
The current study aimed at describing the frequency of
different types of TK in AIS, treated in the local center. It
was also tried to find a correlation, if any between different
types of TK with other parameters of Lenke classification.
3. Methods
For this purpose, the data regarding the patients with
AIS treated from 2009 to 2014 were collected from health
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database record in Shafa Orthopedic hospital, Tehran, Iran.
Inclusion criterion was all patients with AIS treated in
Shafa hospital for the first time. Exclusion criterion was all
patients with incomplete radiographic studies. Imaging
studies were standing posteroanterior, lateral, and right
and left supine bending radiographies on a 36-inch cassette. The Cobb method (10) was used for all curve measurements. Lenke classification was used to classify different
curves (9). The frequency of each parameter of Lenke classification alone, and their intrarelationship was assessed. To
measure kyphosis, T5 to T12 curve was measured according
to Lenke studies (9). All parameters of the spinal deformities were measured by a orthopedic spine surgeon.
Statistical analysis was conducted with IBM SPSS statistics version 22. Pearson correlation test was used to investigate the correlation between TK, and Lenke type and lumbar spine modifier. The study was approved by the ethical committee of the hospital and written consent was obtained from all patients to publish the results of the study.
4. Results
There were 242 patients with the mean age of 14.3 years,
ranged 10 to 23out of which 40 were male, and 202 female.
The most common Lenke type was type one (47.9%) and the
least common type was type four (4.5%) (Table 1).
The most common lumbar spine modifier was type A
(43.8%), and the least common type was type B (19.4%) (Table
2).
The most frequent type of thoracic sagittal balance was
hyperkyphosis (positive) (53.7%), and the least common
type was hypokyphosis (negative) with the frequency of
7.4% (Table 3).
There was no statistically significant relationship between TK, and the 6 types of Lenke, or lumbar spine modifier. The average TK, in Lenke type 5 was the lowest among
other Lenke types. The average TK in all other Lenke types
was hyperkyphotic (Table 4). When combining all parameters together, type 1A+ was the most frequent (13.6%) type
overall. Some types such as 2C-, 3B-, 3BN, 3C- were not observed at all.
5. Discussion
Three parameters evaluated in Lenke classification
were as follows:
1. Type of coronal curve,
2. Thoracic sagittal balance,
3. The position of lumbar spine in relation to the vertical central sacral line.
All these parameters were measured separately, and
their relationships were assessed.
2

The prevalence of curve types in the current study patients was roughly similar to those of Lenke classification
in other studies (11, 12).
Lumbar spine is very important to determine the spine
balance, and has 3 groups in Lenke classification: A, B, and
C (9). Lumbar spine modifier is important to find the required instrumented level. It also predicts spine balance
after surgery (11). In this parameter the current study results were similar to those of other studies (11, 12).
Thoracic sagittal balance is important to develop scoliosis (13) and also to decide on surgical or nonsurgical treatment and the type of instrumentation needed during surgical approach (3, 5, 14). The angle between T5 and T12 was
measured by the Cobb method and accordingly, thoracic
sagittal balance was classified into 3 types: negative, neutral, and positive.
In the current study, hyperkyphosis was the most common type of thoracic sagittal balance with 53.7% prevalence, followed by neutral and negative with 38.8% and
7.4%, respectively. It was different from the patients described by Lenke in which neutral, hypokyphosis, and hyperkyphosis with the prevalence of 75%, 14%, and 11%, respectively, were the most common types in a descending order
(11). The highest average TK was observed in Lenke 4 and
the lowest in Lenke type 5 of the current study patients.
Hu et al., showed that the highest average TK was observed
in type 4, and the lowest one in type 1 (12). They also reported that TK in AIS with a thoracic curve was lower than
those of the patients with lumbar curve (12). In the current
study, hyperkyphosis was even observed in patients thoracic kyphosis with curves. In addition, hypokyphosis was
observed in Lenke type 5, which was in contrast to other
studies (12, 15-17).
No correlation was observed between Lenke type and
lumbar spine modifier. Other studies found that these relationships were very complicated (12).
According to the above three parameters, 42 different
curves were introduced. In the current study patients, type
1A was the most common type, similar to Lenke, and Lenke
1A+ was more common than other types. This last one was
also in contrast to Lenke original article in which type 1AN
was the most common type (11).
The limitation of the current study was the small size
of the population assessed, which may lead to the lack of
observing all subtypes of Lenke classification.
In conclusion, results of the current study showed that
the thoracic hyperkyphosis was the most common type of
thoracic sagittal modifier in Iranian patients. It was in contrast to the original article by Lenke and some other studies
in which normal kyphosis was the most common type (11,
12).
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Table 1. Prevalence of Six Lenke Types of Curves Type

No.

Frequency

Percentage

Valid Percentage

Cumulative Percentage

1

116

47.9

47.9

47.9

2

36

14.9

14.9

62.8

3

34

14.0

14.0

76.9

4

11

4.5

4.5

81.4

5

30

12.4

12.4

93.8

6

15

6.2

6.2

100.0

242

100.0

100.0

Frequency

Percentage

Valid Percentage

Cumulative Percentage

A

106

43.8

43.8

43.8

B

47

19.4

19.4

63.2
100.0

Total

Table 2. Prevalence of Type of Lumbar Spine Modifier

Type

C

89

36.8

36.8

Total

242

100.0

100.0

Table 3. Prevalence of Thoracic Kyphosis

Variables
Thoracic kyphosis < 10

Frequency

Percentage

Valid Percentage

Cumulative Percentage

18

7.4

7.4

7.4

Thoracic kyphosis 10 - 40

94

38.8

38.8

46.3

Thoracic kyphosis > 40

130

53.7

53.7

100.0

Total

242

100.0

100.0

Table 4. Values and Comparison of Thoracic Kyphosis in Different Lenke Types

Lenke Curve Type

Mean

N

Std. Deviation

1

41.35

116

18.23

2

42.11

36

19.15

3

45.64

34

18.62

4

53.81

11

25.34

5

38.50

30

13.11

6

45.73

15

18.47

Total

42.55

242

18.36

Footnote
Authors’ Contribution: Study concept and design,
Ebrahim Ameri and Farshad Nikouei; acquisition of
data, Saeed Sabbaghan and Behrooz Givechian; analysis
and interpretation of data, Saeed Sabbaghan, Behrooz
Givechian, Abouzar Azizi, and Mehrdad Bahrabadi; draftShafa Ortho J. 2017; 4(4):e58551.

ing of the manuscript and critical revision, Farshad
Nikouei, Ebrahim Ameri, Hassan Ghandhari, Saeed Sabbaghan, Behrooz Givechian, Abouzar Azizi, and Mehrdad
Bahrabadi; study supervision, Ebrahim Ameri and Hassan
Ghandhari.

References
1. King HA, Moe JH, Bradford DS, Winter RB. The selection of fusion levels
in thoracic idiopathic scoliosis. J Bone Joint Surg Am. 1983;65(9):1302–
13. doi: 10.2106/00004623-198365090-00012. [PubMed: 6654943].
2. Bernhardt M, Bridwell KH. Segmental analysis of the sagittal plane
alignment of the normal thoracic and lumbar spines and thoracolumbar junction. Spine (Phila Pa 1976). 1989;14(7):717–21. [PubMed:
2772721].
3. Bridwell KH, Betz R, Capelli AM, Huss G, Harvey C. Sagittal plane
analysis in idiopathic scoliosis patients treated with CotrelDubousset instrumentation. Spine (Phila Pa 1976). 1990;15(7):644–9.
doi: 10.1097/00007632-199007000-00006. [PubMed: 2218709].
4. Lee CK, Denis F, Winter RB, Lonstein JE. Analysis of the upper thoracic
curve in surgically treated idiopathic scoliosis. A new concept of the
double thoracic curve pattern. Spine (Phila Pa 1976). 1993;18(12):1599–
608. doi: 10.1097/00007632-199309000-00006. [PubMed: 8235838].

3

Nikouei F et al.

5. Betz RR, Harms J, Clements D3, Lenke LG, Lowe TG, Shufflebarger
HL, et al. Comparison of anterior and posterior instrumentation for
correction of adolescent thoracic idiopathic scoliosis. Spine (Phila
Pa 1976). 1999;24(3):225–39. doi: 10.1097/00007632-199902010-00007.
[PubMed: 10025017].
6. Bridwell KH, McAllister JW, Betz RR, Huss G, Clancy M, Schoenecker
PL. Coronal decompensation produced by Cotrel-Dubousset "derotation" maneuver for idiopathic right thoracic scoliosis. Spine (Phila
Pa 1976). 1991;16(7):769–77. doi: 10.1097/00007632-199107000-00015.
[PubMed: 1925753].
7. Lenke LG, Bridwell KH, Baldus C, Blanke K, Schoenecker PL. CotrelDubousset instrumentation for adolescent idiopathic scoliosis. J Bone
Joint Surg Am. 1992;74(7):1056–67. doi: 10.2106/00004623-19927407000013. [PubMed: 1522092].
8. Lenke LG, Bridwell KH, Blanke K, Baldus C, Weston J. Radiographic
results of arthrodesis with Cotrel-Dubousset instrumentation for
the treatment of adolescent idiopathic scoliosis. A five to tenyear follow-up study. J Bone Joint Surg Am. 1998;80(6):807–14. doi:
10.2106/00004623-199806000-00004. [PubMed: 9655098].
9. Lenke LG, Betz RR, Harms J, Bridwell KH, Clements DH, Lowe TG, et al.
Adolescent idiopathic scoliosis. J Bone Joint Surg Am. 2001;83(8):1169–
81. doi: 10.2106/00004623-200108000-00006.
10. Cobb JR. Instructional course lectures. ; 1948. Outline for the study of
scoliosis.
11. Lenke LG, Betz RR, Clements D, Merola A, Haher T, Lowe T, et al. Curve
prevalence of a new classification of operative adolescent idiopathic
scoliosis: does classification correlate with treatment? Spine (Phila

4

12.

13.
14.

15.

16.

17.

Pa 1976). 2002;27(6):604–11. doi: 10.1097/00007632-200203150-00008.
[PubMed: 11884908].
Hu P, Yu M, Liu X, Zhu B, Liu X, Liu Z. Analysis of the relationship between coronal and sagittal deformities in adolescent idiopathic scoliosis. Eur Spine J. 2016;25(2):409–16. doi: 10.1007/s00586-015-3986-y.
[PubMed: 25957284].
Dickson RA. The etiology and pathogenesis of idiopathic scoliosis.
Acta Orthop Belg. 1992;58 Suppl 1:21–5. [PubMed: 1456009].
Kalen V, Conklin M. The behavior of the unfused lumbar curve following selective thoracic fusion for idiopathic scoliosis. Spine (Phila
Pa 1976). 1990;15(4):271–4. doi: 10.1097/00007632-199004000-00004.
[PubMed: 2353272].
Mac-Thiong JM, Labelle H, Charlebois M, Huot MP, de Guise JA.
Sagittal plane analysis of the spine and pelvis in adolescent idiopathic scoliosis according to the coronal curve type. Spine (Phila Pa
1976). 2003;28(13):1404–9. doi: 10.1097/01.BRS.0000067118.60199.D1.
[PubMed: 12838098].
Upasani VV, Tis J, Bastrom T, Pawelek J, Marks M, Lonner B, et
al. Analysis of sagittal alignment in thoracic and thoracolumbar curves in adolescent idiopathic scoliosis: how do these two
curve types differ? Spine (Phila Pa 1976). 2007;32(12):1355–9. doi:
10.1097/BRS.0b013e318059321d. [PubMed: 17515826].
Schlosser TP, Shah SA, Reichard SJ, Rogers K, Vincken KL, Castelein RM.
Differences in early sagittal plane alignment between thoracic and
lumbar adolescent idiopathic scoliosis. Spine J. 2014;14(2):282–90. doi:
10.1016/j.spinee.2013.08.059. [PubMed: 24231781].

Shafa Ortho J. 2017; 4(4):e58551.

