
ABSTRACT
Objective: To compare the cervical sagittal balance in groups of patients submitted to lateral radiographs of the cervical segment, with 

the upper limbs in two different positions. Methods: This is a cross-sectional, quantitative, prospective, descriptive study using radiographic 
analysis of 100 adult individuals, aged between 20 and 70 years. Two lateral radiographs were taken of each patient, one image with the 
upper limbs crossed over the trunk (flexed elbows) and the other with the upper limbs elevated in front (extended elbows). All patients 
answered a questionnaire about age, sex, presence of pain in the cervical spine, as well as degree of pain based on the Likert scale. The 
radiographic parameters evaluated were the COBB angle (Cobb), thoracic inlet angle (TIA), T1 slope, neck tilt and distance from the center 
of gravity (COG) of the skull to C7 (COG-C7) with the elbows in extension (Ext) and flexion (Flex). A p-value of less than 0.05 was considered 
a statistically significant difference. Results: Sixty patients were female (60%) and forty were male (40%). The data analysis obtained showed 
statistical significance in Cobb Flex vs. Cobb Ext (p = 0.000), TIA Flex vs. TIA Ext (p = 0.000), T1 Flex vs. T1 Ext (p = 0.000), Neck tilt 
Flex vs. Neck tilt Ext (p = 0.000), and COG-C7 Flex vs. COG-C7 Ext (p = 0.000). Conclusion: There was statistical significance in relation 
to the positioning of the upper limbs in the lateral radiographs, yielding higher values in the angulations with the limbs raised towards the 
front (extended elbows). Level of evidence II; Prospective Comparative Study.
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RESUMO
Objetivo: Comparar o equilíbrio sagital cervical em grupos de pacientes submetidos a radiografias laterais do segmento cervical, com 

os membros superiores em duas posições distintas. Métodos: Trata-se de um estudo transversal, quantitativo, descritivo prospectivo por 
meio de análise radiográfica de 100 indivíduos adultos com idade entre 20 e 70 anos. Duas radiografias na incidência lateral foram obtidas 
de cada paciente, sendo uma imagem com os membros superiores cruzados sobre o tronco (cotovelos fletidos) e outra com os membros 
superiores elevados à frente (cotovelos estendidos). Todos os pacientes responderam a um questionário sobre idade, sexo, presença de 
dor na coluna cervical, assim como grau de dor baseada na escala de Likert. Os parâmetros radiográficos avaliados foram: ângulo de Cobb 
(Cobb), ângulo de entrada torácica (TIA), Inclinação de T1, Inclinação do pescoço (Necktilt) e distância do centro de gravidade (COG) 
do crânio até C7 (COG-C7) com cotovelos em flexão (Flet) e extensão (Est). Considerou-se o valor do p menor que 0,05 para a diferença 
estatisticamente significante. Resultados: Sessenta pacientes eram do sexo feminino (60%) e quarenta do sexo masculino (40%). A análise 
dos dados obtidos demonstrou significância estatística em Cobb Flet vs. Cobb Est (p = 0,000), TIA Flet vs. TIA Est (p = 0,000), T1 Flet 
vs. T1 Est (p = 0,000), Necktilt Flet vs. Necktilt Est (p = 0,000), COG-C7 Flet vs. COG-C7 Est (p = 0,000). Conclusão: Houve significância 
estatística com relação ao posicionamento dos membros superiores nas radiografias de perfil, evidenciando valores maiores nas angulações 
com os membros elevados para frente (cotovelos estendidos). Nível de evidência II; Estudo Prospectivo Comparativo.

Descritores: Coluna Vertebral; Equilíbrio Postural; Radiografia.

RESUMEN
Objetivo: Comparar el equilibrio sagital cervical en grupos de pacientes sometidos a radiografías laterales del segmento cervical, con los 

miembros superiores en dos posiciones distintas. Métodos: Se trata de un estudio transversal, cuantitativo, descriptivo, prospectivo por medio 
de análisis radiográfico de 100 individuos adultos con edad de entre 20 y 70 años. Fueron obtenidas dos radiografías en la incidencia lateral de 
cada paciente, siendo una imagen con los miembros superiores cruzados sobre el tronco (codos flexionados) y otra con los miembros supe-
riores elevados al frente (codos extendidos). Todos los pacientes respondieron a un cuestionario sobre edad, sexo y presencia de dolor en la 
columna cervical, así como el grado de dolor basado en la escala de Likert. Los parámetros radiográficos evaluados fueron: ángulo de COBB 
(Cobb), ángulo de entrada torácica (TIA), Inclinación de T1, Inclinación del cuello (Necktilt) y distancia del centro de gravedad (COG) del cráneo 
hasta C7 (COG-C7) con codos en flexión (Flet) y extensión (Est). Se consideró el valor del p menor que 0,05 para la diferencia estadísticamente 
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INTRODUCTION
Human postures have been described by anatomists, such as 

Staffels, Delmas, and Bonne. However, these were morphological 
descriptions. In studies of spinal deformity or the presence of pain, 
its three-dimensional components, such as the center of the head 
and neck mass, the vertical component of muscular strength, and 
weight, must be taken into account.1 Different deformities can affect 
the axial, coronal, and sagittal planes, and may involve a combination 
of abnormalities in multiple planes, compromising sagittal balance.2

Sagittal balance is based on the alignment between the vertebral 
segments.2-4 It is a parameter evaluated by means of physical and ra-
diographic examinations, being important in the study of spinal disea-
ses, especially in the planning and indication of surgical treatment. The 
importance of the sagittal balance of the cervical segment and the fact 
that its deformity is associated with pain, functional disability, and even 
with the severity of cervical myelopathy have been demonstrated.4

Sagittal balance was measured by Hardacker et al.5 using the C0-
C1, C1-C2, C2-C3, C3-C4, C4-C5, C5-C6, C6-C7 Cobb method in a 
sample of asymptomatic patients without complaints of cervical spine 
or arm pain. The participants were also grouped by the presence 
or absence of low back pain during the radiographic examination.5 

However, no mention was made of the positioning of the upper limbs 
during a lateral radiograph of the cervical spine and the resulting 
effects that it could have on sagittal alignment and balance.6

In more recent studies, measurements of cervical sagittal balan-
ce included several radiographic parameters, among them T1 slope 
or T1 inclination, C1-C2 lordosis, C2-C7 lordosis, sagittal vertical axis 
(SVA), and C7 and T11 slope.4,7,8

T1 slope is correlated with the overall sagittal balance of the 
spine, including the equilibrium of the cervical spine.4 Lee et al.9 showed 
that T1 slope was a determining factor in the sagittal balance of the 
cervical spine. This can be affected as a result of surgical treatments 
such as arthrodesis or by deformity from cervical spine diseases.9

Despite their importance in relation to cervical spine mobility, 
there are no publications that define the reference values for the 
balance of this vertebral segment.9 Studies of spinopelvic normality 
parameters were conducted in a Brazilian population sample, but 
to date there is no information about normal sagittal balance values 
for radiographic parameters for the cervical spine.10,11

Lee et al.4 performed lateral radiographs of the cervical spine 
in 77 asymptomatic patients between 21 and 50 years of age and 
evaluated the following parameters: (1) thoracic inlet parameters: 
thoracic inlet angle (TIA), T1 slope, and neck tilt (NT); (2) cervical 
spine parameters: C2-7, C0-7 angle.

In the study by Wang et al.3 findings indicated that the TIA, the 
T1 slope, and the neck tilt can be used as indices for evaluating 
cervical sagittal balance and that the TIA could be used as a refe-
rence for assessing cervical compensation. These angles should be 
considered as an objective of surgical treatment for degenerative 
disc diseases during preoperative planning.

Despite numerous works comparing the kinematics of cervical 
flexion and extension during the lateral cervical spine radiographic 
examination,12-15 there is only one study by Vedantam et al.15 that 
relates it to the positioning of the upper limbs at the time of the 
radiographic examination. 

The objective of this study is to determine whether the positio-
ning of the arms in radiographic incidences can alter the evaluation 
of cervical sagittal balance. This study is relevant due to the scarcity 
of these analyses in the literature.  

significativa. Resultados: Sesenta pacientes eran del sexo femenino (60%) y cuarenta del sexo masculino (40%). El análisis de los datos obtenidos 
demostró significancia estadística en Cobb Flet vs Cobb Est (p = 0,000), TIA Flet vs TIA Est (p = 0,000), T1 Flet vs T1 Est (p = 0,000), Necktilt Flet 
vs Necktilt Est (p = 0,000), COG-C7 Flet vs COG-C7 Est (p = 0,000). Conclusión: Hubo significancia estadística con relación al posicionamiento 
de los miembros superiores en las radiografías de perfil, evidenciando valores mayores en las angulaciones con los miembros elevados al frente 
(codos extendidos). Nivel de evidencia II; Estudio Prospectivo Comparativo.

Descriptores: Columna Vertebral; Balance Postural; Radiografía.

METHODS
This is a cross-sectional, quantitative, descriptive, prospective 

study of radiographic analyses of the cervical spine relative to two 
different postures of the patient’s arms during the examination. The 
individuals that participated in the study were volunteers between 20 
and 70 years of age who were attended at the multi-specialty outpa-
tient clinic of the HEEC (Hospital Escola Emilio Carlos) Orthopedics 
and Traumatology Department in Catanduva, SP, during the period 
from November 2017 to April 2018. One hundred and fifty patients 
were interviewed. Of these, 13 decided not to participate at the begin-
ning of the study. The group remained with 137 patients (51 men and 
86 women) who filled out the Informed Consent Form and answered 
the questionnaire to obtain age, sex, weight, height, and to evaluate 
the degree of cervical spine pain. Excluded from the study were one 
woman who had undergone previous spine surgery, 16 patients for 
not having radiographs taken, 15 patients with technically inadequate 
radiographs, and 5 patients with comorbidities in the shoulders that 
could alter the analysis of the parameters. The final sample consisted 
of 100 patients, 60% of them female and 40% male.

The study was approved by the IRB (Institutional Review Board of 
the Faculdades Integradas Padre Albino) and the approval opinion 
was registered as number: 73095817.9.0000.5430 approved on 
September 14, 2017. 

Pain intensity was analyzed by means of a Likert scale based 
on the Visual Analog and Face Scales.11,16 In our study we stratified 
the pain as zero (no pain), 1 to 4 (mild pain), 5 to 9 (moderate pain) 
and 10 (the worst pain). 

In this study, we standardized two lateral cervical spine radiographs, 
one with the upper limbs crossed over the trunk and the elbows 
flexed and the second with the arms raised in 90º flexion with the 
elbows extended, both in the orthostatic position and looking straight 
ahead. The patients were positioned one and a half meters from the 
collimator, close to the chassis. (Figures 1 and 2) All the images were 
taken by a single radiology technician. The patients were divided 
into inclusion and exclusion criteria groups for the study (Figure 3).

The Vestatech Hecra D-0005 -Toshiba device was used for 
this study.

The angles were measured with a goniometer (Figures 4 and 5) 
and evaluated by the authors. The radiographic parameters consi-
dered were:
1. Cervical lordosis (CL) using the Cobb method, based on the 
lines parallel to the inferior terminal plates of C2 and C7, measured 
in degrees.6,17-19

2. The angle of T1 slope: the angle between a line tangent to the 
superior terminal plate of T1 and the horizontal plane, measured in 
degrees.6,18,19

3. Thoracic inlet angle (TIA): delimited by the body of the first thora-
cic vertebra in the direction of the manubrium and a straight line per-
pendicular to the upper limit of the jugular notch of the sternum and 
by the first ribs and the upper edge of the first thoracic vertebra.6,17,18

4. The neck tilt angle is defined as the angle between two lines 
originating in the upper region of the sternum, one being vertical 
and the other connecting the sternum to the center of the terminal 
plate of T1.6,18,19

5. COG is measured using a line perpendicular to the ground and 
the center of gravity of the head. In lateral radiographs the COG 
can be measured using the anterior portion of the external auditory 
pavilion as the starting point up to the posterior superior aspect of 
the vertebral body of C7 measured in millimeters.6,18,19
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The analyses were initiated by the distribution according to the 
frequency of the findings and the values of the angles obtained in 
the radiographic incidences in relation to the positioning of the arms 
during the examination. The demonstrative statistics were expressed 
as mean, median, mode, standard deviation, and paired t-test of the 
difference between the means, with a significance of 5%. Graphs 
were produced by the Boxplot system, which indicates the existence 
of possible variables identifying the minimum, first quartile (Q1), 
median, third quartile (Q3), and the maximum.

RESULTS
One hundred and fifty patients were interviewed. Of these, 13 

decided not to participate at the beginning of the study. The group 
remained with 137 patients (51 men and 86 women). Excluded from 
the study were one woman who had undergone previous spine 
surgery, 16 patients for not having radiographs taken, 15 patients 
with technically inadequate radiographs, and 5 patients with comor-
bidities in the shoulders that could alter the analysis of the parame-
ters. Table 1 shows the final sample of 100 patients, 60% of whom 
were female and 40% of whom were males. 

Table 2 shows the relationship between the degree of cervical 

Figure 2. Lateral radiography of the cervical spine with the upper limbs crossed 
over the trunk in the orthostatic position 

Inclusion Exclusion

Age range 20 to 70 years
Patients younger than 20 or older 

than 70 years of age

Patients evaluated from November 
2017 to April 2018

Known presence of spinal deformity 
that would make radiological analysis 

difficult

Patients treated at the HEEC
Patients who underwent previous 

spine surgery

Patients submitted to radiographic 
study of the spine performed in the 

radiology department
Technically inadequate radiographs

Technically adequate radiographs
Patients with glenohumeral pain or 

limitation

Patients who answered the 
questionnaire

Patients who refused to participate in 
the research and did not fill out the 

questionnaire

Patients who signed the Informed 
Consent Form

Patients who after filling out the ICF 
and the questionnaire desisted from 

undergoing the examination

Figure 3. Study inclusion and exclusion criteria.

Figure 1. Lateral radiography of the cervical spine with the arms raised 
horizontally in 90º flexion in the orthostatic position.

Figure 4. Schematized angles: COBB, NECK TILT, T1 SLOPE, THORACIC 
INLET ANGLE and COG-C7. 

Figure 5. Lateral cervical spine radiographs in the two positions studied. Figure 
A (on the left) with upper limbs raised at 90º with elbows extended. Figure B (on 
the right) with upper limbs crossed over the trunk with elbows flexed.

COG-C7

COBB

T1 SLOPE

NECK TILT

THORACIC 
INLET ANGLE 

SPINE/CERVICAL 
EXTENDED

A B

SPINE/CERVICAL 
FLEXED
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spinal pain experienced by the study participants. Table 3 presents 
the variables studied as cervical angles measured with the upper 
limbs in different postures. Figures 6 to 10 show the statistical 
projection in graphical form (Boxplot) for interpretation of the five 
cervical parameters addressed.

DISCUSSION
Despite the importance of the angles in radiographs of the 

cervical spine, little attention has been given to the sagittal balance 
of this vertebral segment.5,18,20-22

There are several studies related to lumbar sagittal balance, 
however it can be said that few publications address cervical sagittal 
balance.21,22

In the past, studies conducted on the relationship between 
spinal misalignment were largely focused on the thoracolumbar and 
pelvic regions, with comparatively little attention paid to the cervical 
segment.2,17,18,22

In their prospective study of 40 patients, Vedantam et al.15 

compared a group of patients with cervical fusion to a group without 
cervical fusion. They concluded that there was no statistical differ-
ence (p = 0.0038) in cervical sagittal balance between the groups. 
However, positioning the arms at 90° flexion versus 30° flexion re-
sulted in negative displacement of the sagittal vertical axis (SVA). 
It was statistically significant (p = 0.0038) for those with cervical fusion 
(-6 mm at 90° versus +4 mm at 30°) and (p = 0.119) for the patients 
without fusion of the cervical spine (-8 mm at 90° versus -4 mm at 30°). 
The authors found it ideal and recommend positioning the arms in 
front at 30° of flexion to obtain a lateral radiograph without impacting 
cervical sagittal balance.

In the study by Kumagai et al.,10 lateral cervical spine radiographs 
were taken with each participant standing and looking towards the 
front, supporting the shoulder against the chassis. Cervical sagittal 
alignment (C2-C7) was measured from the radiographs, using the 
method of the posterior tangent of the odontoid process and of 

Table 1. Distribution of the patients by sex and age.

Men
Age

20 – 30 
years

31- 40
years

41- 50 
years

51- 60 
years

61-70
years Total

(N) 4 8 7 13 8 N=40

Women
Age

20 – 30 
years

31- 40 
years

41- 50 
years

51- 60 
years

61-70 
years

(N) 0 9 20 13 18 N=60

Table 2. Distribution of the patients by cervical spinal pain score. 

Without 
cervical 

spinal pain

Pain score 
1 - 4

Pain score
 5-9 Pain > 10

Total number 
of patients 
with pain

Men
(N=40)

38 1 1 0 2

Women
(N=60)

38 10 10 2 22

Table 3. Descriptive statistics for the total patient sample, =100: Cobb, TIA, T1, COG-C7, Neck tilt (Flex vs. Ext).

Total
N=100 Mean Standard 

Deviation Minimum Q1 Median Q3 Maximum

Cobb Flex 31º.270 6.636 12º.000 28.000 32º.000 36.000 46º.000

Cobb Ext 33º.300 6.693 14º.000 30.000 34º.000 38.000 48º.000

TIA Flex 83º.88 10.70 56º.00 78.50 82º.00 92.00 108º.00

TIA Ext 85º.94 10.66 52º.00 80.00 84º.00 94.00 110º.00

T1 Flex 17º.740 4.410 10º.000 14.000 18.000 20.000 30º.000

T1 Ext 19º.520 4.834 10º.000 16.000 20.000 22.000 46º.000

Neck tilt  Flex 44º.300 8.449 18.000 40.000 44.000 50.000 62º.000

Neck tilt Ext 46º.460 8.494 20º.000 42.000 46.000 52.000 64º.000

COG-C7 Flex 15.19cm 17.69 8.00cm 10.03 14.05cm 16.50 18.70 cm

COG-C7 Ext 13.811cm 3.165 8.000cm 10.350 14.500cm 16.875 19.300cm

Figure 6. Boxplot of difference between the means (p=0.000) Cobb Flex vs. 
Cobb Ext.

Figure 7. Boxplot of difference between the means (p=0.000) TIA Flex vs. TIA Ext.

Figure 8. Boxplot of difference between means (p=0.000) T1 Flex vs. T1 Ext.
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the vertebral body of C7, and three groups were defined: straight 
spine (-4° to +4°), lordotic spine (less than -4°), and kyphotic spine 
(more than + 4°).10

In their magnetic resonance study, Janusz et al.22 found mean 
sagittal balance values of the TIA equal to 71°.7 ± 9.5, T1 slope 
equal to 26°.7 ± 6.3, and neck tilt equal to 44°.9±7.2.

Because studies of sagittal balance are recent, there is 
not yet consensus around these values in the literature.18,23,24 
However, Weng et al.23 reported sagittal balance values of the TIA 
(78°), T1 slope T1(44°,88), and mean Cobb C2-C7 (15°,4.) in their 
radiographic study.

It can be said that the Cobb method was the most used in the 
studies encountered and continues to be used to measure cervical 
lordosis because of its ease of use, as well as its reliability and 
reproducibility among examiners.6,10,13,15,24

The age range used in our study was 20 to 70 years for both 
sexes. This was divided into age bands of 20-30 years, 31-40 years, 
41-50 years, 51-60 years, and 61-70 years and cervical pain was 

evaluated and graded. We observed that when patients in a public 
hospital answer a pain questionnaire and subsequently grade it, 
given the possibility of obtaining Social Security, they need to refer 
to their pain as being from moderate pain to the worst pain they 
have ever had, even without physical therapy or drug treatment.

The cervical spine is a mechanical structure to support the head 
with the neck with six degrees of freedom of movement. The main 
movements of the cervical spine are flexion, extension, axial rotation, 
and lateral flexion, together with a small number of anterior and pos-
terior translational movements along the sagittal cervical axis.17,25,26

The kinematics of the cervical spine are therefore impaired by 
the anatomy of the bones that make up the neck and the joints 
that connect them. Under normal conditions, flexion is limited by 
the tension in the posterior neck muscles and by the impaction of 
mandibular tissues. Extension, on the other hand, is limited by the 
suboccipital muscles.5,10,22,25,26

The cervical spine is able to move within the neutral zone with 
little force, thus requiring little energy expenditure by the paraverte-
bral muscles. Additional movements outside the neutral zone require 
more effort. The elastic strength of the soft tissues requires more 
energy expenditure.13,14,23,26

Extension is initiated in the low cervical spine (C4 ±7), but the 
order of individual segment contribution is variable. This is followed 
by the start of movement in C0 ± C2 and C2 ± C4. Between C2 
and C4 the order of contribution is quite variable. The final phase 
of extension is marked by a second contribution from C4 ± 7 in 
which the individual segments move in the order ± C4 ± 5, C5 ± 
6, C6 ± 7.17,22,26

Flexion is initiated in the low cervical spine (C4 ± 7). Within this 
block and during the initial phase segment C6 ± 7 regularly makes its 
contribution before C5 ± 6, followed by C4 ± 5. Flexion is thus initi-
ated and terminated by C6 ± 7. It is never initiated in middle cervical 
levels. C0 ± C2, C2 ± 3, and C3 ± 4 make their maximum contribu-
tion during the middle of the movement, but in variable order.25,26

It can be said that, due to spinal kinematics, flexion movements 
of the spine expend more energy and have more limitations, as 
seen in those studied above. This fact was confirmed in our study, in 
which the five variables studied were observed to have greater angu-
lations when the upper limbs were raised forward (elbows extended).  

CONCLUSION
Analysis of the data obtained demonstrated the statistical signi-

ficance of the positioning of the upper limbs in profile radiographs, 
where we observed greater angle values with the arms raised towar-
ds the front (elbows extended). Such a difference can alter sagittal 
cervical balance, influencing surgical planning. New studies must 
be conducted to prove this finding.
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Figure 9. Boxplot of the difference between means (p= 0.000) Neck tilt Flex 
vs. Neck tilt Ext.

Figure 10. Boxplot of the difference between the means (p=0.000) COG-C7 
Flex vs. COG-C7 Ext.
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