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Abstract 
 
Background: The aims of this study were to: (i) to analyze the morphometric characteristics of the cervical ver-
tebral column in the sagittal plane; and (ii) compare morphometric methods used for determinating cervical 
lordosis angle. 
Materials and Methods: Direct cervical sagittal radiographs of 175 adults were analyzed and cervical lordosis 
angle was evaluated by Cobb (C2-C7), central cervical lordosis angle, posterior tangent, and Risser & Ferguson 
methods. In addition, occipitocervical angle (occiput-C2) and cervical vertical tranlation distance were determi-
ned to assess upper cervical lordosis and forward head posture, respectively. 
Results: The measured cervical lordosis angles were differed (p<0.05) depending on the measurement method. 
There was a strong negative correlation between cervical lordosis angle and occipitocervical angle (r = -0.707), 
a weak negative correlation between cervical lordosis angle and cervical vertical translation distance (r = -0.253) 
and a moderate positive correlation between occipitocervical angle and cervical vertical translation distance (r 
= 0.552). It was observed that an increase of 1 mm in the cervical vertical translation distance caused an increase 
in the occipitocervical angle about 0.6 degrees. 
Conclusions: In planning cervical surgery, the balance and alignment of the cervical vertebral column in the 
sagittal plane should be evaluated in detail. The contour of the cervical vertebral column in the sagittal plane 
and the limits of cervical lordosis angle are important in the evaluation of cervical pathologies. The obsserva-
tions from this study will benefit the understanding of vertebral column morphometry will contribute to the 
literature in anatomy, physiotherapy, radiology, and cervical regional surgery. 
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 Öz 
 
Amaç: Bu çalışmanın amaçları şunlardır: (i) sagital düzlemde servikal vertebral kolonun morfometrik özelliklerini 
analiz etmek; ve (ii) servikal lordoz açısını belirlemek için kullanılan morfometrik yöntemleri karşılaştırmak. 
Materyal ve Metod: Yüz yetmiş beş (175) yetişkine ait direkt servikal sagittal radyografiler analiz edildi ve ser-
vikal lordoz açısı Cobb (C2-C7), santral servikal lordoz açısı, posterior tanjant ve Risser & Ferguson yöntemleri 
ile değerlendirildi. Ayrıca, üst servikal lordozu ve baş ileri postürünü değerlendirmek için sırasıyla oksipitoservi-
kal açı (oksiput-C2) ve servikal vertikal translasyon mesafesi belirlendi. 
Bulgular: Ölçülen servikal lordoz açıları ölçüm yöntemine bağlı olarak farklılık gösterdi (p<0,05). Servikal lordoz 
açısı ile oksipitoservikal açı arasında güçlü negatif korelasyon (r=-0,707), servikal lordoz açısı ile servikal vertikal 
translasyon mesafesi arasında zayıf negatif korelasyon (r=-0.253) ve oksipitoservikal açı ile servikal vertikal 
translasyon mesafesi arasında orta derecede pozitif korelasyon (r=0,552) vardı. Servikal vertikal translasyon me-
safesindeki 1 mm'lik artışın oksipitoservikal açıda yaklaşık 0,6 derecelik bir artışa neden olduğu görüldü. 
Sonuç: Servikal cerrahi planlanırken, servikal vertebral kolonun sagittal düzlemdeki dengesi ve hizalanması ay-
rıntılı olarak değerlendirilmelidir. Servikal vertebral kolonun sagittal düzlemdeki konturu ve servikal lordoz açı-
sının sınırları servikal patolojilerin değerlendirilmesinde önemlidir. Bu çalışmadan elde edilen gözlemler, verteb-
ral kolon morfometrisinin anlaşılmasına fayda sağlayacak, anatomi, fizyoterapi, radyoloji ve servikal bölgesel 
cerrahi literatürüne katkıda bulunacaktır. 
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Introduction 
The vertebral column has three important roles: transferring 
body weight through the distal segments; providing mobility 
to the trunk; also protecting and supporting the vital organs 
(1). In the sagittal plane it has lordotic curvatures in the lum-
bar and cervical regions and kyphotic curvatures in the tho-
racic and sacral regions: these curvatures serve to distribute 
equally the load on the vertebral column (2). In addition, the 
balance and relationship between the curvatures is essential 
for a proper and functional posture (3). 
The normal angle of cervical lordosis is between 20o and 35o 
(4): chronic spasms of the deep cervical muscles affects this 
angle (5). Although cervical hypolordosis is often asympto-
matic, it is generally undesirable. Remaining in a flexion pos-
ture for long periods of time increases the load on cervical 
vertebral bodies and decreases the traction endurance on 
the vertebral arches. In the long term, this can result in de-
generative changes in the vertebral bodies, and as a result 
may also lead to angular changes in cervical lordosis and ins-
tability (6). 
Radiographic images are routinely used to evaluate cervical 
lordosis angles (7), with the angle most often determined 
from lateral cervical radiographic images being between C2 
and  C7. Alternatively it can be determined separately 
between adjacent pairs of cervical segments (C2-C3, C3-C4, 
C4-C5, C5-C6, C6-C7): upper cervical lordosis angle can be 
measured between the occiput and C2. The total and seg-
mental cervical lordosis angles are usually determined using 
the Posterior Tangent and Cobb methods. However cervical 
lordosis angle, as measured on lateral cervical radiographs, 
does not always provide consistent values, being dependent 

on the method used (8). 
In the current study the aims were to (i) obtain acceptable 
standardized values of cervical lordosis angle, and (ii) deter-
mine the reliability of frequently used cervical lordosis  
measurement methods. For this purpose, morphometric 
measurements using different methodologies were deter-
mined on lateral radiographs of the cervical spine. 
 
Materials and Methods 
This was a retrospective study approved by the local non-
interventional clinical research ethics committee (Protocol 
no: 5.7.2019/23). Radiographs of 175 adult patients (75 
male, 100 female), who were screened between January 
2019 and December 2019 in the Radiology Unit of Osmaniye 
State Hospital, were used. Digital radiographic images 
(HILIGHT1000 DR, DRS, T.M) were taken from a distance of 
120 cm with an exposure time of 16 ms and dose of 95 KvP. 
Morphometric measurements were analyzed using Akgün 
PACS VIEWER software, repeated three times and averaged. 
Patients (age range: 18 to 65 years) were categorized into 
three groups according to the age criteria of the World He-
alth Organization (WHO) into young adults (18 to 30 years), 
middle aged adults (31 to 45 years) and older adults (46 to 
65 years). Cervical lordosis angle was measured using the 
Cobb C2-C7 (Fig. 1A), central cervical lordosis angle (CCLA) 
(Fig. 1B), posterior tangent (Fig. 2A) and Risser & Ferguson 
(Fig. 2B) methods. In addition, occipitocervical angle (Fig. 
3A) and cervical vertical translation distance (Fig. 3B) were 
determined to assess upper cervical lordosis and forward 
head posture, respectively. 

 

 
Figure 1. A. The Cobb C2-C7 method in which the Cobb angle is taken as the angle between lines drawn parallel to the inferior 
endplates of C2 (line 1) and C7 (line 2). B. The central cervical lordosis angle (CCLA) method in which the angle between a line (1) 
drawn through the midpoint of the C2 endplate and the midpoint of the C3 body, and a line (2) drawn through the midpoints of the 
C6 and C7 bodies. 
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Figure 2. A. The posterior tangent method in which the angle is measured between lines drawn parallel to the posterior margins of 
C2 (line 1) and C7 (line 2). B. The Risser & Ferguson method in which is the angle between a line (1) drawn between the midpoints 
of the bodies of C2 and C4, and a line (2) drawn between the midpoints of the bodies of C4 and C7. This measurement method was 
developed to determine the degree of scoliosis (Rowe and Yochum, 1996). In the current study, this method was used to determine 
the degree of cervical lordosis by adapting it to the cervical region. 
 
 

 
Figure 3. A. The occipitocervical angle is the angle between the the McGregor line (1) and a line (2) drawn parallel to the C2 inferior 
endplate: the McGregor line is the line from the posterosuperior aspect of the hard palate to the most caudal point on the midline 
occipital curve (Shoda, 2004). B. Cervical vertical translation distance is the distance between vertical lines passing through the 
middle of C2 (line 1) and the posteriosuperior aspect of C7 (line 2): it represents the cervical vertical translation distance. 
 
The Statistical Package for Social Sciences for Windows 20 
(SPSS 20 inc.) program was used for statistical analysis of the 
data obtained. Kolmogorov-Smirnov normality analysis was 
performed to check whether the data conformed to a nor-
mal distribution: nonparametric tests (Friedman test, Wil-
coxon test) were used for data not showing a normal distri-
bution. Results were evaluated at 95% confidence interval 
and significance level of p<0.05.  

Results  
Radiographic images of 175 adult individuals (75 male, 100 
female) were evaluated, of these 72 were young adults, 64 
middle aged adults and 39 older adults. The cervical lordosis 
angle according to the method used are shown in Table 1. 
Normality test (Kolmogorov-Smirnov) was performed to de-
termine whether the data obtainedby four different met-
hods for determining the lower cervical lordosis angle were 
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normaally distributed. It was observed that the data obtai-
ned from the four different methods were not normally dist-
ributed (p<0.05): consequently, non-parametric tests were 
used to analyse the data. The Friedman test determined 
whether the extent of total cervical lordosis obtained from 
the four different methods in the same group differed ac-
cording to the method used.  

According to Friedman's test, the degree of cervical lordosis 
differed depending on the method used (p<0.05).  The Wil-
coxon Test was used to determine which methods were dif-
ferent. There was no significant difference (p = 0.629) 
between the cervical lordosis angle using the Risser & Fer-
guson and Cobb methods (Table 2).                                        

  
Table 1: Distribution of cervical lordosis angle (º) according to the methods used (n:175). 

Methods Cobb C2-7 CCLA Posterior Tangent Risser&Ferguson 
Mean 

(Range) 
11.19±9.64 

(-7.90–38.10) 
11.70±9.64 

(-6.30–41.60) 
12.0±10.02 

(-7.20–42.80) 
11.06±8.94 

(-7.30–34.20) 

 
Table 2. Results of the Wilcoxon Test used to determine differences between the various measurement methods used 
to measure cervical lordosis angle. 

 CCLA -Cobb 
Posterior Tangent 

-Cobb 
Risser and 

Ferguson -Cobb 
Posterior Tan-

gent - CCLA 
Risser & Fer-
guson - CCLA 

Risser &  Ferguson 
-Posterior Tangent 

z -3.994 -7.732 -0.482 -2.607 -4.808 -5.788 
p 0.000 0.000 0.629 0.009 0.000 0.000 

The relationship between cervical lordosis angle, occipito-
cervical angle and cervical vertical translation distance was 
evaluated using correlation analysis. Since some of the va-
riables did not meet the normality criteria, correlation 
analysis was performed using Spearman's Rho. A strong ne-
gative correlation was observed between cervical lordosis 

angle and occipitocervical angle (r = -0.707); a weak nega-
tive correlation between cervical lordosis angle and cervical 
vertical translation distance (r=-0.253) and a moderate po-
sitive correlation between occipitocervical angle and cervi-
cal vertical translation distance (r = 0.552) (Table 3). 

 
Table 3. Results of the Spearman's Rho correlation analysis to determine relationships between various measurement 
methods used. 

 Occipitocervical angle Cervical vertical translation distance 
Cervical lordosis angle -0.707** -0.253** 
Occipitocervical angle  0.552** 

**Significant at the 0.01 level (2-tailed) 
 

In addition, the relationship between the cervical vertical 
translation distance and occipitocervical angle was exami-
ned from which it was noted that an increase of 1 mm in the 

cervical vertical translation distance was associated with an 
increase of approximately 0.6o in occipitocervical angle. This 
positive relationship is shown in Figure 4. 

 

 
 
Figure 4. Scatterplot showing the relationship between occipitocervical angle (o) and cervical vertical translation distance (mm). 
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Discussion 
The vertebral column has a unique structure endowed with 
curvatures to facilitate maintenance of the erect posture. It 
is considered that its anatomical structure allows an unders-
tanding of the conditions of the body during the evolutio-
nary development of modern humans and could provide an 
holistic approach to spinal problem (9). The vertebral co-
lumn, which is exposed to constantly changing dynamic for-
ces (compression, stretching, gliding) in daily life, can also be 
affected by a variety of factors such as occupational expo-
sure, a sedentary lifestyle and postural habits (10). The lor-
dotic shape of the cervical region is important in terms of 
maintaining the biomechanical balance of the neck and 
head. Although cervical hypolordosis is often asymptomatic 
it is generally undesirable. The rate of loss of cervical lordo-
sis, according to (4), can be as much as 30% in asymptomatic 
patients: earlier (11) reported the rate as being 42%. Rema-
ining in a flexed posture for a long period of time increases 
the load on the vertebral body, while at the same time dec-
reases the traction endurance of the vertebral arch. In the 
long term, this may cause degenerative changes in the bo-
dies of the cervical vertebrae, angular changes in cervical 
lordosis and cervical instability (12). Over time and with inc-
reasing age, morphological changes may occur in the cervi-
cal region: changes in cervical lordosis angle can be conside-
red normal to some extent (13). However, the relationship 
between degeneration of the cervical spine and aging is 
controversial (14). Studies have indicated a disparity in the 
effect of aging on cervical lordosis, with some demonstra-
ting a decrease in lordosis, while others suggest an increase 
in degeneration and lordosis with advancing age (15, 16). In 
contrast, it has also been reported that there are no age-re-
lated changes in cervical lordosis. Park et al. (2014), who 
compared young and middle-aged individuals found no sig-
nificant age-related difference in cervical lordosis angle (17). 
Similarly, Erkan et al. (2010) did not observe a significant re-
lationship between age and cervical lordosis angle (4). 
However, Nojiri et al. (2003) observed an increase in lower 
cervical lordosis angle (C2-C7) and a decrease in upper cer-
vical lordosis (occiput-C2) angle at age 40 (18). More re-
cently, Tang et al. (2019) reported an increase in cervical lor-
dosis and thoracic kyphosis in cervical sagittal alignment 
with increasing age (19). The current study showed that the 
mean cervical lordosis angle, determined by the Risser & 
Ferguson method, was highest in the older age group (46 to 
65 years), being 17.8°, and lowest in the younger age group 
(18 to 30 years), being 6.9°. 
Harrison et al. (2000) state that the Cobb and posterior tan-
gent methods are safe to use with high correlation coeffici-
ents; however, the posterior tangent method had a lower 
standard error of measurement than the Cobb method. 
They noted that the posterior tangent method more accura-
tely characterized the cervical spinal curvature (20). Gwinn 
et al. (2009) concluded that effective measurement of lor-
dosis (straight line measurement between C2 and C7) is ea-

sier and more reliable than either the Cobb or posterior tan-
gent methods (21). According to Boy et al. (2014) the poste-
rior tangent method is more practical than the Cobb met-
hod, but, nevertheless, state that the Cobb and posterior 
tangent methods can be used with high confidence in deter-
mining the cervical lordosis angle (22). Similarly, Silber  et al. 
(2004) reported that the tangent method was more useful 
than the Cobb method (23). A study by Ohara et al. (2006) 
comparing the Cobb, posterior tangent, and central cervical 
lordosis angle methods showed a strong correlation 
between the three methods when cervical lordosis was pre-
served; however, a weak and statistically insignificant relati-
onship was observed when there was a presence of neck 
flattening or a kyphotic neck (24). In a prospective study of 
138 patients, Donk et al. (2017) observed that absolute 
angle measurement from C2 to C7 cannot accurately define 
sagittal cervical alignment: they reported that the modified 
Toyoma method is a more practical method for evaluating 
sagittal cervical alignment (25). 
In the current study, it was observed that cervical lordosis 
angle using the Risser & Ferguson method was in close 
proximity to those generated by the Cobb and posterior tan-
gent methods, both of which are widely used in clinical prac-
tice. In addition, there was no significant difference (p = 
0.629) between the values of cervical lordosis measure-
ments using the Risser & Ferguson and Cobb methods. 
As the lordotic curvature of the lower cervical spine (C2-C7) 
increases, the lordotic curvature of the upper cervical spine 
decreases (26): earlier studies also support this negative re-
lationship(18, 27). It has been suggested that changes in cer-
vical spine lordosis, such as a decrease in lordosis or the de-
velopment of cervical kyphosis, can lead to changes in the 
vertical axis and may also be associated with a forward 
translation of the head in compensation (28). In the current 
study, a strong negative correlation between cervical lordo-
sis and occipitocervical angle (r = -0.707), a weak negative 
correlation between cervical lordosis and cervical vertical 
translation distance (r = -0.253), and a moderate positive 
correlation between occipitocervical angle and cervical ver-
tical translation distance (r = 0.552) was observed.  
In adults with normal vertebral column morphology, cervical 
lordosis is typically observed with the apex of the curvature 
located between the C2 and T1, generally being between C4 
and C5 (7). While the Cobb and tangent methods are widely 
used to reference the vertebrae at the ends of the cervical 
lordosis, an adaptation of the lumbar lordosis center mea-
surement method, the CCLA method, references the C2, C3, 
C6 and C7 vertebrae. Furthermore, the Risser & Ferguson 
method, which is typically used to determine the degree of 
scoliosis, has been adapted to reference the C2 and C7 as 
well as the apex vertebra (C4). These two methods may fa-
cilitate a more comprehensive interpretation of cervical lor-
dosis by defining the entire cervical curvature. However, the 
use of multiple reference points and marked regions can 
also increase the potential for errors. 
It is recommended that the balance and alignment of the 
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vertebral column in the sagittal plane should be considered 
when planning cervical surgery. An understanding of the sa-
gittal plane morphology of the cervical region and the 
extents of its lordotic curvature is essential in the evaluation 
of pathological conditions (29). Changes in cervical lordosis 
angle and vertical translation distance may cause an incre-
ase in the load on the joints and muscles, resulting in postu-
ral disorders and clinical complications. The current preva-
lence of complications associated with the cervical region is 
expected to grow in line with the rise in sedentary lifestyles 
and the ubiquity of technology. This can be attributed to a 
lack of physical activity and extended periods of exposure to 
digital devices (30). 
One potential limitation of this study may be the lack of as-
sessment of the entire vertebral column from lateral radiog-
raphs, that is cervical lordosis, thoracic kyphosis, lumbar lor-
dosis and pelvic ratio. Furthermore, evaluation of cervical 
lordosis angle may be limited by the fact that the momen-
tary posture of the patients may not accurately reflect their 
normal daily posture. In addition, patients with a normally 
aligned cervical spine may show abnormal positioning on ra-
diographs due to the presence of current symptoms. 
 
Conclusion 
Evaluating cervical alignment will be beneficial in terms of 
resolving the complaints and complications associated with 
the cervical region and the eventual success of cervical sur-
gery. In addition, evaluation of the change in cervical align-
ment is also important in terms of examining the causes of 
complaints and complications and the efficacy of treatment. 
The current study explored different measurement methods 
for determining cervical lordosis angle correctly in order to 
inform appropriate exercise programs, as well as evaluate 
the effectiveness of treatment. These findings have the po-
tential to expand the existing knowledge in a number of fi-
elds and make a valuable contribution to the existing litera-
ture. 
 
Ethical Approval: Ethical approval was waived by the local Ethics 
Committee in view of the retrospective nature of the study and all 
the procedures being performed were part of the routine care (Pro-
tocol no: 5.7.2019/23). 
 
Author Contributions:  
Concept: M.T., N.B., Ö.O. 
Literature Review: M.T. 
Design : M.T., H.E. 
Data acquisition: M.T. 
Analysis and interpretation: M.T., H.E., N.K.Ş. 
Writing manuscript: M.T., H.E. 
Critical revision of manuscript: H.E., R.W.S. 
 
Conflict of Interest: The authors have no conflicts of interest to de-
clare. 
 
Financial Disclosure: Authors declared no financial support. 
 

References  
1. DeSai C, Reddy V, Agarwal A. Anatomy, Back, Vertebral Co-

lumn. In: StatPearls, Treasure Island (FL): StatPearls Publis-
hing [NBK525969] 2022 [cited 27 Feb 2023]. Available from: 
www.ncbi.nlm.nih.gov/books/NBK525969/. 

2. Waxenbaum JA, Reddy V, Futterman B. Anatomy, Back, In-
tervertebral Discs. In: StatPearls, Treasure Island (FL): 
StatPearls Publishing [NBK470583] 2022 [cited 27 Feb 2023]. 
Available from: www.ncbi.nlm.nih.gov/books/NBK470583/ 

3. Miele VJ, Panjabi MM, Benzel EC. Anatomy and biomecha-
nics of the spinal column and cord. Handb Clin Neurol. 
2012;109:31-43. 

4. Erkan S, Yercan HS, Okcu G, Ozalp RT. The influence of sagit-
tal cervical profile, gender and age on the thoracic kyphosis. 
Acta Orthop Belg. 2010;76(5):675-680. 

5. Xiaolong S, Xuhui Z, Jian C, Ye T, Wen Y. Weakness of the 
neck extensors, possible causes and relation to adolescent 
idiopathic cervical kyphosis. Med Hypotheses. 
2011;77(3):456-459. 

6. Schomacher J, Falla D. Function and structure of the deep 
cervical extensor muscles in patients with neck pain. Man 
Ther. 2013;18(5):360-366. 

7. Oh C, Lee M, Hong B, Song BS, Yun S, Kwon S, et al. Associa-
tion between Sagittal Cervical Spinal Alignment and Degene-
rative Cervical Spondylosis: A Retrospective Study Using a 
New Scoring System. J Clin Med. 2022;11(7):1772. 

8. Hwang JH, Modi HN, Suh SW, Hong JY, Park YH, Park JH, et 
al. Reliability of lumbar lordosis measurement in patients 
with spondylolisthesis: a casecontrol study comparing the 
Cobb, centroid, and posterior tangent methods. Spine (Phila 
Pa 1976). 2010;35(18):1691-1700.  

9. Kim D, Davis DD, Menger RP. Spine Sagittal Balance. In: 
StatPearls, Treasure Island (FL): StatPearls Publishing 
[NBK534858] 2022 [cited 27 Feb 2023]. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK534858/. 

10. Anderson R. Human evolution, low back pain. Evolutionary 
medicine. 1999:333. 

11. Helliwell PS, Evans PF, Wright V. The straight cervical spine: 
does it indicate muscle spasm? J Bone Joint Surg Br. 
1994;76(1):103-106. 

12. Suvarnnato T, Puntumetakul R, Uthaikhup S, Boucaut R. Ef-
fect of specific deep cervical muscle exercises on functional 
disability, pain intensity, craniovertebral angle, and neck-
muscle strength in chronic mechanical neck pain: a randomi-
zed controlled trial. J Pain Res. 2019;12:915-925. 

13. Oakley PA, Ehsani NN, Moustafa IM, Harrison DE. Restoring 
cervical lordosis by cervical extension traction methods in 
the treatment of cervical spine disorders: a systematic re-
view of controlled trials. J Phys Ther Sci. 2021;33(10):784-
794. 

14. Liu J, Liu P, Ma Z, Mou J, Wang Z, Sun D, et al. Age-related 
changes in cervical sagittal range of motion and alignment. 
Global Spine J. 2014;4(3):151-156. 

15. Gore DR, Sepic SB, Gardner GM. Roentgenographic findings 
of the cervical spine in asymptomatic people. Spine (Phila Pa 
1976). 1986;11(6):521-524. 

16. Yukawa Y, Kato F, Suda K, Yamagata M, Ueta T. Age-related 
changes in osseous anatomy, alignment, and range of mo-
tion of the cervical spine. Part I: Radiographic data from over 
1,200 asymptomatic subjects. Eur Spine J. 2012;21(8):1492-
1498. 

17. Park MS, Moon SH, Lee HM, Kim TH, Oh JK, Nam JH, et al. 



Tunceli et al.                                                                                    Measuring Cervical Lordosis Angle in the Sagittal Plane 

   Harran Üniversitesi Tıp Fakültesi Dergisi (Journal of Harran University Medical Faculty) 2023;20(1):170-176.                                             
   DOI: 10.35440/hutfd.1257758      

176 

 

 

Age-related changes in cervical sagittal range of motion and 
alignment. Global Spine J. 2014;4(3):151-156. 

18. Nojiri K, Matsumoto M, Chiba K, Maruiwa H, Nakamura M, 
Nishizawa T, et al. Relationship between alignment of upper 
and lower cervical spine in asymptomatic individuals. J Neu-
rosurg. 2003;99(1 Suppl):80-83. 

19. Tang R, Ye IB, Cheung ZB, Kim JS, Cho SK. Age-related Chan-
ges in Cervical Sagittal Alignment: A Radiographic Analysis. 
Spine (Phila Pa 1976). 2019;44(19):E1144-E1150. 

20. Harrison DD, Janik TJ, Troyanovich SJ, Holland B. Compari-
sons of lordotic cervical spine curvatures to a theoretical id-
eal model of the static sagittal cervical spine. Spine (Phila Pa 
1976). 1996;21(6):667-675. 

21. Gwinn DE, Iannotti CA, Benzel EC, Steinmetz MP. Effective 
lordosis: analysis of sagittal spinal canal alignment in cervical 
spondylotic myelopathy. J Neurosurg Spine. 2009;11(6):667-
672. 

22. Boy FNS, Özkan FÜ, Erdem S, Özdemir G, Külcü DG, Akpınar 
P, Aktaş İ. Servikal lordoz açıları ve boyun ağrısı ilişkisinin de-
ğerlendirilmesi. Marmara Medical Journal. 2014;27(2):112-
115. 

23. Silber JS, Lipetz JS, Hayes VM, Lonner BS. Measurement va-
riability in the assessment of sagittal alignment of the cervi-
cal spine: a comparison of the gore and cobb methods. J Spi-
nal Disord Tech. 2004;17(4):301-305. 

24. Ohara A, Miyamoto K, Naganawa T, Matsumoto K, Shimizu 
K. Reliabilities of and correlations among five standard met-
hods of assessing the sagittal alignment of the cervical spine. 
Spine (Phila Pa 1976). 2006;31(22):2585-2591; discussion 
2592. 

25. Donk RD, Fehlings MG, Verhagen WIM, Arnts H, Groe-
newoud H, Verbeek ALM, et al. An assessment of the most 
reliable method to estimate the sagittal alignment of the 
cervical spine: analysis of a prospective cohort of 138 cases. 
J Neurosurg Spine. 2017;26(5):572-576. 

26. Guo Q, Ni B, Yang J, Liu K., Sun Z, Zhou F, et al. Relation 
between alignments of upper and subaxial cervical spine: a 
radiological study. Arch Orthop Trauma Surg. 
2011;131(6):857-862 

27. Sherekar SK, Yadav YR, Basoor AS, Baghel A, Adam N. Clinical 
implications of alignment of upper and lower cervical spine. 
Neurol India. 2006;54(3):264-267. 

28. Roussouly P, Nnadi C. Sagittal plane deformity: an overview 
of interpretation and management. Eur Spine J. 
2010;19(11):1824-1836. 

29. Patel PD, Arutyunyan G, Plusch K, Vaccaro A, Jr., Vaccaro AR. 
A review of cervical spine alignment in the normal and dege-
nerative spine. J Spine Surg. 2020;6(1):106-123. 

30. McAviney J, Schulz D, Bock R, Harrison DE, Holland B. Deter-
mining the relationship between cervical lordosis and neck 
complaints. J Manipulative Physiol Ther. 2005;28(3):187-
193. 

 


