OricINAL ARTICLE/ARTIGO ORIGINAL/ARTICULO ORIGINAL

RADIOGRAPHIC ALIGNMENT OF CERVICAL SPINE ON A SAMPLE OF
ASYMPTOMATIC SUBJECTS

ALINHAMENTO F?ADIOGF?AFICO DA COLUNA VERTEBRAL CERVICAL
EM UMA AMOSTRA DE INDIVIDUOS ASSINTOMATICOS

ALINEACION RADIOGRAFICA DE LA COLUMNA VERTEBRAL CERVICAL
EN UNA MUESTRA DE INDIVIDUOS ASINTOMATICOS

MoHamEeD AxmeD NasreoDINE!, RapHAEL DE Rezende Pratal’, CarLos Ebuarpo GoncaLes BarsotTl!, Francisco Prapo EuGeNio pos Santos',
CaRLOS EpuarDO ALGAVES SoARES DE OLIVEIRA'

1. Hospital do Servidor Publico Estadual de Sao Paulo (HSPE), Orthopedics and Traumatology Service, Séo Paulo, SP, Brazil.

ABSTRACT

Obijective: To present normality parameters for the cervical spine in a sample of the Brazilian population and its distribution by sex and
age. Methods: This was a prospective study considering 94 asymptomatic individuals evaluated by panoramic radiograph of the spine for
the analysis of the following parameters: cervical lordosis (CL), C2 sagittal vertical axis (SVA-C2), cervical sagittal vertical axis (cSVA), and T1
Slope (TA-T1). The parameter values were compared according to sex and age of individuals. Results: The mean CL was -16.5° (SD: = 10.8°),
SVA-C2 was -3.9 mm (SD: = 29.2 mm), cSVA was 16.9 mm (SD: = 10.6 mm) and TA-T1 was 24.8° (SD: = 7.0°). There was no significant
difference between the radiographic parameters when considered with respect to sex and age of individuals (P>0.05). The analysis of
correlation among the radiographic parameters showed that the TA-T1 presented the highest correlation with the other parameters, including
CL (r=0.367, P<0.01), SVA-C2 (r= 0.434, P<0.001) and cSVA (r= 0.441, P<0.001). There was also a correlation between SVA-C2 and
cSVA (r= 0.32, P= 0.001) and inverse correlation between CL and the cSVA (r= -0.242, P= 0.019). Conclusion: We introduced normality
data of the cervical spine alignment in a Brazilian population sample. There was significant correlation among the analyzed parameters,
especially considering TA-T1 in relation to the other parameters.
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RESUMO

Objetivo: Apresentar os pardmetros radiograficos de normalidade para a coluna cervical em uma amostra da populagdo brasileira, assim
como sua distribuicdo segundo sexo e faixa etaria. Métodos: Trata-se de um estudo prospectivo considerando 94 individuos assintomaticos
avaliados por radiografia panoramica da coluna para a analise dos sequintes parametros: lordose cervical (LC), eixo vertical sagital de C2 (EVS-C2),
eixo vertical sagital cervical (EVSC), angulo de inclinaggdo de T1 (Al-T1). Os valores dos parametros foram comparados quanto a sexo e faixa
etaria dos individuos. Resultados: A média da LC foi de -16,5° (DP: = 10,8°), do EVS-C2 de -3,9 mm (DP: + 29,2 mm), do EVSC de 16,9 mm
(DP: = 10,6 mm) e do Al-T1 de 24,8° (DP: = 7,0°). Ndo houve diferenca significante entre os parametros radiograficos considerados quanto
a sexo e faixa etaria dos individuos (P>0,05). A analise da correlagéo entre os parémetros radiograficos demonstrou que o Al-T1 apresentou a
maior correlaggo com os demais parémetros, incluindo LC (r= 0,367, P <0,01), EVS-C2 (r= 0,434, P <0,001) e EVSC (r= 0,441, P <0,001).
Houve também correlacéo entre EVS-C2 e EVSC (r= 0,32, P= 0,001) e correlagéo inversa entre a LC e 0 EVSC (r= -0,242, P= 0,019). Concluséo:
Apresentamos dados de normalidade do alinhamento da coluna cervical e uma amostra populacional brasileira. Houve correlagéo significante
dos parametros analisados entre si, principalmente considerando o Al-T1 com relagcéo aos demais parametros.

Descritores: Coluna vertebral; Curvaturas da coluna vertebral; Radiografia; Vértebras cervicais.

RESUMEN

Objetivo: Presentar los parametros radiograficos de normalidad para la columna cervical en una muestra de la poblacion brasilefia y su
distribucion por sexo y edad. Métodos: Se realizé un estudio prospectivo considerando 94 individuos asintomaticos evaluados por radiografia
panoramica de la columna para el analisis de los siguientes parametros: lordosis cervical (LC), gje vertical sagital de C2 (EVS-C2), eje vertical
sagital cervical (EVSC), angulo de inclinacion de T1 (Al-T1). Los valores de los parametros se compararon en funcién del sexo y la edad de
los individuos. Resultados: El promedio de la LC fue de -16,5° (DE: = 10,8°); del EVS-C2, -3,9 mm (DE: = 29,2 mm), del EVSC, 16,9 mm
(DE: + 10,6 mm) y del AI-T1, 24,8° (DE: + 7,0°). No hubo diferencias significativas entre los parametros radiograficos considerados en relacion
con el sexo y la edad de los individuos (P>0,05). El andlisis de la correlacion entre los parametros radiograficos mostré que el Al-T1 presentd
la mayor correlacion con los otros parametros, incluyendo LC (r= 0,367, P <0,01), EVS-C2 (r= 0,434, P <0,001) y EVSC (r= 0,441, P <0,001).
También hubo correlacion entre EVS-C2 y EVSC (r= 0,32, P= 0,001) y correlacion inversa entre LC y EVSC (r= -0,242, P= 0,019). Conclusion:
Presentamos los datos de normalidad de la alineacion de la columna cervical en una muestra de poblacion brasilefia. Hubo una correlacion
significativa de los parametros analizados entre si, especialmente teniendo en cuenta el Al-T1 con respecto a los demas parametros.

Descriptores: Columna vertebral, Curvaturas de la columna vertebral;, Radiografia; Vértebras cervicales.
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INTRODUCTION

The cervical region is the spinal segment with the highest mobility,
in addition to being responsible for supporting the weight of the head,
and it is susceptible to a series of pathologies that can significantly
compromise the quality of life and cause functional disability."? The
cervical segment functions physiologically in lordosis and changes
in this curvature are common in patients with cervical pathologies.?®

Spinal deformity in the sagittal plane is a well-established condition,
frequently associated with pain and functional disability.5® The
correlation between loss of overall sagittal balance, represented
by a plumb line dropped from C7 (Sagittal Vertical Axis), and a
compromised quality of life has been demonstrated by various studies,
just as better postoperative clinical outcomes have been obtained
when this balance is restored.®'" More recently, the fundamental role
of the pelvis in spinal alignment has been shown, functioning as a
compensation mechanism for the loss of overall sagittal balance and
is also correlated with quality of life indicators 81213

There still is a lack of information in the literature about the
importance of the analysis of the radiographic parameters involving
the cervical segment of the spine. Several publications have shown
a correlation between deformity of the cervical spine and pain and
functional disability, in addition to the intensity of the neurological
deficit in patients with myelopathy.'*'® Until now, no criteria have been
defined for an indication of corrective surgery for spinal deformity,
nor is there any standardization of the objectives of correction of
deformity.! Recently, a classification system for cervical spine deformity
was published,' considering the type of deformity and presenting
maodifiers, including three radiographic parameters, in addition to
the severity of the myelopathy and the SRS-Schwab classification
of adult deformity types.?

However, the studies that present data about the sagittal
parameters of the cervical spine, enabling the classification of cervical
spine deformity, obtained the data through analyses of North American
population samples. It is known that the radiographic spinopelvic
anatomical parameter values are not uniform across different ethnic
groups and geographical locations.?'?* Due to the lack of uniformity
of these parameters, knowledge of the spinal curve patterns of a
specific population is important in order for the surgeons to guide the
treatment objectives for that population. This has already been done
for spinopelvic parameters in a Brazilian population sample,? but
to date there is no information about radiographic normality values
for the cervical spine.

The objective of this study was to present normality values for the
radiographic parameters of the cervical spine in a Brazilian population
sample consisting of asymptomatic volunteer subjects and their
distribution by the sex and age range of the subjects in the sample.

METHODS

This is an observational prospective study, approved by the
Institutional Review Board of the service responsible (opinion no.
951.141). It involved subjects older than 18 years of age, without any
spine-related complaints or symptoms. After the subjects signed the
Informed Consent Form (ICF), digitalized radiography examinations
of the total spine (panoramic) were performed and demographic data
such as sex and age were collected. Only subjects with radiographic
exams extending from the base of the skull to the head of the femur
bilaterally were included. Patients who did not sign the ICF and those
without suitable radiographic examinations were excluded.

All the radiographs were obtained using a standard technique,
with patients asked to remain standing comfortably, with the elbow in
full flexion and the shoulder in 45° flexion, with the hands relaxed and
the fingers resting on the clavicle or the malar bone. The radiographic
parameters of interest were evaluated using Surgimap Spine software
(Nemaris Inc. New York, USA). Figure 1 illustrates the analysis of the
radiographic parameters of the cervical spine.

The radiographic parameters considered in the study were those
most often used in evaluating the alignment of the cervical spine: 1)
Cervical Lordosis (CL) via the Cobb method, based on lines parallel

to the lower terminal plates of C2 and C7, measured in degrees (°),
being negative (“-”) when lordosis is obtained and positive (“+”)
when kyphosis is obtained; 2) C2 Sagittal Vertical Axis (EVS-C2), the
perpendicular distance between a plumb line drawn from C2 and the
posterior-superior aspect of the sacrum, measured in millimeters
(mm), being considered “-" when the line falls behind the sacrum and
“+” when it falls in front of the sacrum; 3) Cervical Sagittal Vertical
Axis (cSVA), the perpendicular distance between a plumb line drawn
C2 and the posterior-superior aspect of the vertebral body of C7,
measured in millimeters (mm), being considered “-” when the line
falls behind C7 and “+” when it falls in front of C7; 4) T1 Tilt Angle
(TA-T1), the angle between a line tangent to the upper terminal plate
of T1 and the horizontal plane, measured in degrees (°).

The Kolmogorov-Smirnov test was performed to evaluate the
normality of data distribution. The cervical spine radiographic
parameter values were categorized by sex and by three age ranges
—-18to 39 years, 40 to 59 years, and 60 years or older, and compared
using the Student's t-test and variance analysis (ANOVA), respectively.
We calculated Pearson correlations between the cervical parameters
analyzed, adjusted the linear regression models, and the results were
illustrated using a dispersion diagram with an adjusted regression
line. A significance level of 5% was used, with values of p less than
0.05 being, therefore, considered statistically significant.
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Figure 1. Measurement of the radiographic parameters of interest (CL, SVA-C2,
cSVA, and TA-T1) using Surgimap Spine software (Nemaris Inc. New York, USA)

RESULTS

One hundred and ten (110) subjects agreed to participate
in the study and radiographs were obtained. Of these, 16 were
excluded for poor technical image quality, which made analysis
of the radiographic parameters of interest impossible. Thus, the
final study sample included 94 volunteers, 45 male (47.9%) and 49
female (52.1%). The average age of the volunteers was 41.4 years
(SD= 12.3 years), ranging from 18 to 65 years. In terms of age range,
44 subjects were between 18 and 39 years of age, 45 between 40
and 59 years of age, and 5 were 60 years of age or older.

Table 1 shows the values of the radiographic parameters of
interest for the full study sample. The CL ranged from -1° to -44°, with
no case presenting kyphosis of the segment between C2 and C7.
The average obtained was -16.5° (SD: = 10.8°). The SVA-C2 ranged
from -75.4 mm to 73.8 mm, averaging -3.9 mm (SD: + 29.2 mm).
The cSVA ranged from -17.8 mm to 47.5 mm, with an average value
of 16.9 mm (SD: = 10.6 mm). The TA-T1 ranged from 3° to 41°, with
an average of 24.8° (SD: = 7.0°).

Table 2 shows the values of the radiographic parameters
distributed by the sex of the subjects. The average CL was -16.4° (SD:
+ 10.4°) for the males and -16.6° (SD: = 11.3°) for the females, with
no statistical difference between the sexes (p= 0.995). The average
SVA-C2 was 1.6 mm (SD: = 29.5 mm) for the males and -9.0 mm
(SD: = 28.3 mm) for the females, trending towards the statistical
significance (p= 0.078) of higher values among the male subjects.
The average cSVA was 18.4 mm (SD: £ 11.0 mm) for the males
and 15.5 mm (SD: = 10.2 mm) for the females, with no statistical
difference between the sexes (p= 0.191). The average TA-T1 was
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25.7° (SD: = 7.3°) for the males and 24.0° (SD: = 6.8°) for the females,
with no statistical differences in the values by sex (P= 0.240).

Table 3 displays the radiographic parameter values by subject
age ranges. The average CL was -15.0° (SD: = 10.6°) in the 18 to
39 years of age group, -18.5° (SD: = 11.3°) in the 40 to 59 years of
age group, and -11.8° (SD: = 6.0°) for those subjects 60 years of
age or older. The average SVA-C2 was -0.3 mm (SD: = 31.3 mm)
for subjects between the ages of 18 and 39, -9.2 mm (SD: + 26.2
mm) for those between the ages of 40 and 59, and 12.2 mm (SD:
+ 30.9 mm) for those 60 years of age or older. The average cSVA
value was 18.1 mm (SD: + 11.6 mm) for subjects between 18 and 39
years of age, 15.7 mm (SD: = 10.1 mm) for those between 40 and
59 years of age, and 16.4 mm (SD: = 6.5 mm) for those 60 years
of age and above. The average TA-T1 was 25.4° (SD: + 7.9°) in the
18-39 years of age group, 24.4° (SD: = 6.2°) in the 40 to 59 years
of age group, and 22.8° (SD: = 6.7°) for those 60 and above. There
was no statistically significant difference for any of the radiographic
cervical spine alignment parameters in terms of age range (P>0.05).

The correlation analysis between the radiographic cervical spine
parameters in the sample studied (Table 4) showed that TA-T1 had the
greatest correlation with the other parameters, including CL (r= 0.367,
p < 0.01, Figure 2), SVA-C2 (r= 0.434, p < 0.001, Figure 3), and
CSVA (r= 0.441, p < 0.001). There was also a correlation between
SVA-C2 and cSVA (r= 0.32, p= 0.001) and an inverse correlation
between CL and cSVA (r= -0.242, p= 0.019).

DISCUSSION

Interest in the study of adult spinal deformity (ASD) has increased
significantly in the past few years, motivated by the changing
demographics observed in most countries as the elderly population
grows. A recent study reported that up to 60% of the population over 60
years of age may present some degree of spinal deformity.?® Although
some individuals with ASD are completely asymptomatic, others
experience pain and significant functional disability, and the correlation
between the quality of life and the radiographic parameters of ASD
is consistently demonstrated.5' In this context, spinal alignment
has played a progressively critical role in the evaluation of ASD." 1416

Table 1. Values of the radiographic parameters of interest in the total study
sample.

(o)
Variable Average SD - Cl (95%) -
Inferior Superior

CL (degrees) 16.5 10.8 14.3 18.7

SVA-C2 (mm) -3.9 29.2 -9.8 2.0

TATT 24.8 70 23.4 26.2
(degrees)

cSVA(mm) 16.9 10.6 14.7 19.0

Total of 94 cases; Cl: confidence interval; NI: normality interval

Table 2. Values of the radiographic parameters distributed by sex.
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Table 4. Analysis of the correlation between the radiographic parameters of
the cervical spine in the study sample.

Cervical

Correlation TA-T1 N SVA-C2
lordosis
0.367
Cervical Lordosis r
p <0.001
SVA-C2 r 0.434 -0.038
p <0.001 0.717
CSVA(mM) r 0.441 -0.242 0.35
p <0.001 0.019 0.001
Pearson. Correlation
50 Cervical lordosis= 0.66 (0.04)
45 x T1 Tilt, R2= 0.135
2 40 *. "
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Figure 2. Diagram of the dispersion between Cervical lordosis and the T1
Tilt angle and regression line adjustment.
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Variable Male (N = 45) Female (N= 49) p
Average SD Average SD
CL (degrees) 16.4 10.4 16.6 1.3 0.955
SVA-C2 (mm) 1.6 29.5 -9 28.3 0.078
TA-T1 (degrees) 25.7 73 24 6.8 0.240
cSVA(mm) 18.4 i 15.5 10.2 0.191

Student’s t-test.

Table 3. Values of the radiographic parameters distributed by age range.

18t0 39 (N= [ 40 to 59 (N= 60 or older
Variable 44) 45) (N= 5) p
Average, SD |Average| SD |Average| SD
CL (degrees) 15 10.6 18.5 1.3 1.8 6.0 0.197
SVA-C2 (mm) | -0.3 313 -9.2 26.2 12.2 30.9 | 0.162
TA-T1 (degrees)| 25.4 79 24.4 6.2 22.8 6.7 0.653
cSVA(mm) 18.1 11.6 15.7 10.1 16.4 6.5 0.577

Figure 3. Diagram of the dispersion between Cervical lordosis and the Sagittal
vertical axis of C2 and regression line adjustment.

Because the segments of the spine are not mutually independent,
the alignment of the cervical spine depends on the degree of both
thoracic kyphosis and lumbar lordosis, adapting itself to the other
curvatures of the spine.’

The definition of normal values for the radiographic parameters
is important for understanding the extent of the ASD, as well as for
establishing the objectives for sagittal realignment spine surgery.
As for the cervical spine, few studies present normality values, all
of which deal exclusively with a specific North American population,
and no data is available for our Brazilian population.

In our study, we analyzed the sagittal alignment parameters of the
cervical spine in a sample Brazilian population of adult asymptomatic
subjects with the goal of defining normality values in our environment.
Hardacker et al.5 published a study of 100 individuals between the
ages of 20 and 70 without symptoms involving the cervical spine. The
average CL of the total sample was -40.0° (SD: = 9.7°), while that
obtained in our study was -16.5° (SD: = 10.8°). However, in the study
by Hardacker et al.,’ the Cl was measured from the occipital bone to
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C7, while ours considered the angle between C2 and C7. It is known
that most cervical lordosis (75-80%) occurs because of the C1-C2
segment,?® excluded from this study, which could explain the lower
average CL value as compared to the previously published study.
In the study by Hardacker et al.’ there was no difference in the
total CL between the men and women (p= 0.4), just as there was no
difference in the CL between the sexes in our sample (p= 0.995). In
terms of age, the Hardacker et al. study® showed that with increasing
age, divided into decades, the CL was accentuated, something we did
not observe in our study sample, in which there was no difference in
CL among the three age ranges considered (p= 0.197). More recently,
a study analyzed a population of 55 asymptomatic individuals in
which a significant difference was observed in the CL and the TA-T1
values divided into age ranges of 20-39, 40-59, and 60 years of age
or older (p < 0.01 and= 0.01, respectively ).2 However, the sample
in our study had only five asymptomatic patients 60 years of age
or older, and studies with a greater number of volunteers, making
the age range groups more homogenous, can better determine the
existence of a correlation between age and cervical parameters.
This study also showed a statistically significant correlation
between the radiographic cervical spine parameters analyzed,
particularly between TA-T1 and the other parameters. In their study
of 113 patients who underwent posterior approach arthrodesis of the
cervical spine, Tang et al.’ found a significant correlation between

C1-C7 SVA and C1-C2 lordosis (r= 0.28, p= 0.002), between C2-
C7 SVA and C1-C2 lordosis (r= 0.33, p= 0.001), and between the
center of gravity of the head-C7 SVA and C1-C2 lordosis (r= 0.22,
p= 0.02). The authors also stated that there was no other significant
correlation between any of the other parameters.

The identification of a significant correlation between the cervical
parameters, observed primarily in relation to TA-T1, reinforces the
concept that these parameters are not mutually exclusive, being
interconnected in order to cross-check the spatial orientation of the
cervical spinal segment. The important role of T1 in determining the
alignment of the cervical spine segment was clear, much like that of
the sacrum on the alignment of the lumbar spine.

CONCLUSION

We present data about normal cervical spine alignment parameters
in a Brazilian population sample. There was no difference between
the parameters in terms of the sex or the age group of the subjects.
There was significant correlation between the parameters analyzed,
especially in considering the T1 Tilt Angle with the other parameters.
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regarding this article.
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