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SUMMARY

Objective: To obtain data that could be beneficial for investigation of spine and pelvis parameters 
in a healthy Turkish population sample who haven’t any spine deformities.

This article discusses the prevalence of cervical sagittal balance in the spinal column and cervical 
sagittal parameter values in the normal population. The parameters related to the sagittal 
equilibrium in the cervical vertebrae.

Material and Methods: These four parameters were analyzed in standing lateral graphics of 30 
healthy individuals in 20-43 age groups (mean age:33,51±9,27). C0 inclination angle (angle made 
with the horizontal line of the Frankfurt line), C0-C2 angle (angle between the Mc Gregor line 
passing through the skull base and C2 lower end plane), T1 slope angle (angle between C7 lower 
end plate and T1 upper end plate), and cervical lordosis (angle between C2-C7) were assessed in 
normal healthy individuals between 20 and 40 years of age.

Results: Cervical sagittal parameters; C0 inclination angle (24,82± 2,82), C0-C2 angle (43,03± 
14,78), T1 slope angle (2,68 ± 1,33) and cervical lordosis (42,39 ± 7,59)  were measured.

Conclusion: Results of this study may be stated to be able to be used as markers to provide normal 
cervical sagittal balance in Turkish patients with healthy population.
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ÖZET

Giriş: Bu makalede omurgada servikal sagital dengenin önemi ve normal popülasyonda servikal 
sagital parametre değerlerinden bahsedilmektedir. 

Materyal-Metot: Servikal omurgadaki sagital denge ile ilişkili anlatılan parametreler; C0 
inklinasyon açısı (Frankfurt hattının horizontal ile yaptığı açı), C0-C2 açısı (kafa tabanından geçen 
Mc Gregor hattı ile C2 alt son plağı arasındaki açı), T1 slope açısı (C7 alt son plağı ile T1 üst son plağı 
arasındaki açı),  servikal lordoz (C2-C-7 arasındaki açı) 20-40 yaş arası normal sağlıklı bireylerde 
değerlendirilmiştir.

Sonuçlar: C0 inklinasyon açısı ortalama 24,82°± °2,82, C0-C2 açısı 43,03°± 14,78°, T1 slop açısı 2,68° 
± 1,33° ve servikal lordoz 42,39°± 7,59° olarak ölçüldü.

Sonuç: Bu çalışma, Türk popülasyonunda servikal sagital parametrelerin değerlendirildiği ilk 
çalışma olup, bu parametrelerin literatürle uyumlu olduğu görülmüştür.
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INTRODUCTION
This article explains the significance of sagittal balance of 
the cervical spine parameters associated with sagittal balance 
of the spine. We aimed to emphasize the importance of the 
physiological curvature of the cervical sagittal plan. The 
physiological importance of the sagittal plan has long been 
known. Sagittal balance in the spine; Cervical lordosis, 
thoracic kyphosis and lumbar lordosis are in compatible 
harmony. Cervical, thoracic, and lumbar curvatures increasing 
or decreasing were known to cause pain. Spino- pelvic 
parameters have been used for the last 10 years and spinal 
deformity and especially degenerative spinal diseases are the 
most important. For the last few years it has begun to work 
on the assessment of the cervical sagittal plan. Especially 
the disruption of the cervical sagittal balance, has led to the 
formation of curvatures of the entire spine compensator. It 
is understood that the most important cause of neck pain is 
the deterioration of the cervical sagittal contours. Therefore, 
we have measured these cervical sagittal angle parameters in 

a limited number of people without any cervical spine disease 
between the ages of 20-40.

MATERIALS AND METHODS
These four parameters were analyzed in standing lateral 
graphics of 30 (6 male, 24 female) healthy individuals in 20-
40 age groups (mean: 29,51±9,27), C0 inclination angle (angle 
made with the horizontal line of the Frankfurt line), C0-C2 
angle (angle between the Mc Gregor line passing through 
the skull base and C2 lower end plane), T1 slope angle (angle 
between C7 lower end plate and T1 upper end plate) and 
cervical lordosis (angle between C2-C7) .

RESULTS
Cervical sagittal parameters;  C0 inclination angle (24,82± 
2,82), C0-C2 angle (43,03± 14,78), T1 slope angle (2,68 ± 
1,33) and cervical lordosis (42,39± 7,59)  were measured 
(Table-1).

Figure-1. C0 inclination angle (angle made with the 
horizontal line of the Frankfurt line)

Figure-2. C0-C2 angle (angle between the Mc Gregor line 
passing through the skull base and C2 lower end plane)
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Figure-3. Cervical lordosis (angle between C2-C7) Figure-4. T1 slope angle (angle between C7 lower end plate 
and T1 upper end plate)

Table-1. Normal segmental cervical angles in asymptomatic adults. 

Cervical Sagittal  Parameters Mean     SD

C0 inclination angle    24,82      2,82

C0-C2 angle    43,03     14,78

T1 slope angle      2,68       1,33

Cervical lordosis    42,39       7,59

DISCUSSION
There are several causes of cervical kyphosis. This condition can 
develop in children and adults. The first cause is degenerative 
disc disease. The process of degeneration of the intervertebral 
discs causes many spine problems. In older adults, the wear 
and tear of aging on the discs between each vertebra can cause 
the disc to collapse. This slowly leads to an increasing curve 
and may end with a kyphosis (15). 

The second cause of cervical kyphosis is congenital, meaning 
it is a birth defect affecting the development of the spine. 
Congenital kyphosis usually leads to a growth disturbance 
of the vertebrae themselves. Instead of growing normally, the 
vertebrae grow into a triangular-shape with the small end 
pointing forward. 

When a child has congenital kyphosis, there are generally 
additional birth defects in other areas of the body. Most 
commonly, there are defects of the kidneys and urinary system. 

The third cause of cervical kyphosis is traumatic, meaning it 
is the result of an injury to the cervical spine. This may be 
from a compression fracture of the vertebrae or from an injury 
to the ligaments in the back of the cervical spine. When a 
compression fracture of the vertebra occurs, the vertebral body 
may heal in a wedge shape. Pressure on the spinal cord due to 
the narrowing can lead to neurological problems, such as pain, 
numbness, and a loss in muscle strength. 

The fourth, and the most common cause of cervical kyphosis, 
is iatrogenic. Iatrogenic means the problem results from the 
effects of a medical treatment, such as surgery. Kyphosis 
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following laminectomy surgery is quite common. It happens 
much more frequently with children than with adults. 

Other less common causes of cervical kyphosis include 
infection in the spine, tumors of the spine, and systemic 
diseases that affect the spine (such as ankylosing spondylitis) 
(2,4). A cervical kyphosis may also occur years after radiation 
therapy for cancer involving the neck. The radiation therapy 
may affect the growth of the cervical vertebrae in children who 
received radiation therapy in childhood. A laminectomy is a 
type of surgical procedure that is done in the spine to relieve 
pressure on the spinal nerves. Laminectomy means “remove 
the lamina”, which is exactly what is done. The lamina is the 
back side of the spinal canal and forms the roof over the spinal 
cord. By removing the lamina, there is more room for the 
nerves and bone spurs can be removed from around the nerves. 
A laminectomy reduces the pressure on the spinal cord and the 
irritation and inflammation of the spinal nerves (1).

Given the serious complications of cervical surgery, we need 
a deep understanding of spine cervical anatomy, preoperative 
planning, and correction methods (12-18). These changes 
between normal values we have identified correctly.  Firstly, we 
need to know the normal cervical sagittal angles. 

Knowledge of these normal relationships is of prime 
importance for the comprehension of sagittal balance in 
normal and pathologic conditions of the cervical spine (9-11). 

As the results of our study compared with the others studies 
in the literature, our measures were higher than literature was 
determined (3,5-8,17).

Especially normal cervical sagittal parameters compare 
with pathological  values which are distorted, after cervical 
discectomy and cervical fusion will open new horizons.  Results 
of this study may be stated to be able to be used as markers 
to provide normal cervical balance in healthy Turkish people.

REFERENCES
1.	 Albert TJ, Vacarro A. Postlaminectomy kyphosis. Spine 

1998; 23: 2738–2745.
2.	 Belanger TA, Milam RA, Roh JS, Bohlman HH. 

Cervicothoracic extension osteotomy for chin-on-chest 
deformity in ankylosing spondylitis. J Bone Joint Surg 
2005; 87-A: 1732–1738. 

3.	 Berthonnaud E, Dimnet J, Roussouly P, Labelle H. 
Analysis of the Sagittal Balance of the Spine and Pelvis 
Using Shape and Orientation Parameters. J Spinal Disord 
Tech 2005; 18(1): 40-47.

4.	 Butler JC, Whitecloud TS 3rd. Postlaminectomy 
kyphosis. Causes and surgical management. Orthop Clin 
North Am 1992; 23: 505–511.

5.	 El Fegoun AB, Schwab F, Gamez L, Champain N, Skalli 
W, Farcy JP. Center of gravity and radiographic posture 
analysis: a preliminary review of adult volunteers and 
adult patients affected by scoliosis. Spine 2005; 30(13): 
1535–1540.

6.	 Hardacker JW, Shuford RF, Capicotto PN, Pryor PW. 
Radiographic standing cervical segmental alignment in 
adult volunteers without neck symptoms. Spine 1997; 
22(13): 1472–1480. 

7.	 Harrison DE, Bula JM, Gore DR. Roentgenographic 
findings in the cervical spine in asymptomatic persons: A 
10-year follow-up. Spine 2002; 27: 1249–1250.

8.	 Harrison DE, Harrison DD, Cailliet R, Troyanovich SJ, 
Janik TJ, Holland B. Cobb method or Harrison posterior 
tangent method: which to choose for lateral cervical 
radiographic analysis. Spine 2000; 25: 2072–2078.

9.	 Lee SH, Kim KT, Seo EM, Suk KS, Kwack YH, Son 
ES. The influence of thoracic inlet alignment on the 
craniocervical sagittal balance in asymptomatic adults. J 
Spinal Disord 2012; 25: E41–E47.

10.	 Lee SH, Son ES, Seo EM, Suk KS, Kim KT. Factors 
determining cervical spine sagittal balance in 
asymptomatic adults: correlation with spinopelvic balance 
and thoracic inlet alignment. Spine J 2015; 15: 705–712.

11.	 Mac-Thiong JM, Transfeldt EE, Mehbod AA, Perra JH, 
Denis F, Garvey TA, Lonstein JE, Wu C, Dorman CW, 
Winter RB. Can c7 plumb line and gravity line predict 
health related quality of life in adult scoliosis? Spine 2009; 
34: E519–E527.

12.	 Scheer JK, Tang JA, Smith JS, Acosta FL Jr, Protopsaltis 
TS, Blondel B, Bess S, Shaffrey CI, Deviren V, Lafage V, 
Schwab F, Ames CP; International Spine Study Group. 
Cervical spine alignment, sagittal deformity, and clinical 
implications: a review. J Neurosurg Spine 2013; 19: 141–
159.

13.	 Sharan AD, Kaye D, Charles Malveaux WM, Riew KD.. 
Dropped head syndrome: etiology and management. J Am 
Acad Orthop Surg 2012; 20(12): 766–774.

14.	 Suk KS, Kim KT, Lee SH, Kim JM. Significance of chin-
brow vertical angle in correction of kyphotic deformity 
of ankylosing spondylitis patients. Spine 2003; 28(17): 
2001–2005.

15.	 Okada E, Matsumoto M, Ichihara D, Chiba K, Toyama 
Y, Fujiwara H, Momoshima S, Nishiwaki Y, Hashimoto 
T, Ogawa J, Watanabe M, Takahata T.. Does the 
sagittal alignment of the cervical spine have an impact 
on disk degeneration? Minimum 10-year follow-up of 
asymptomatic volunteers. Eur Spine J 2009; 18: 1644–
1651.



The Journal of Turkish Spinal Surgery 9

16.	 Frobin W, Leivseth G, Biggemann M, Brinckmann P. 
Sagittal plane segmental motion of the cervical spine. A 
new precision measurement protocol and normal motion 
data of healthy adults. Clin Biomech 2002; 17(1): 21–31.

17.	 Woo-Kie M, Jong UM. Kyphotic neck and correlation 
with clinical outcomes. J Korean Soc Spine Surg 2016; 
23(1): 54-62. 

18.	 Zheng X, Chaudhari R, Wu C, et al. Repeatability test 
of C7 plumb line and gravity line on asymptomatic 
volunteers using an optical measurement technique. Spine 
2010; 35(18): E889–E894.




