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ABSTRACT
Background: Although there are studies that adequately document the linear correlation between pelvic incidence (PI), sacral slope, lumbar 
lordosis, and thoracic kyphosis, few have analyzed the pelvic‑spine correlation including the cervical spine.

Methods: This is a cross‑sectional study, wherein the cervical spine was evaluated using radiography and computed tomography (CT) scans, 
the lumbosacral spine and the pelvis was evaluated using radiography, in adult patients without spinal pathology. Using the Surgimap tool, 
cervical and spinopelvic parameters were calculated by several investigators. To evaluate the correlation between cervical and spinopelvic 
parameters, Spearman’s coefficient was calculated. To evaluate the concordance correlation of the measured parameters of cervical sagittal 
alignment on tomography and conventional radiography, Lin’s coefficient was calculated and Bland–Altman plots were performed.

Results: A total of 51 healthy adults were included in a follow‑up from January 2019 to December 2020. Cervical sagittal alignment and 
sagittal spinopelvic alignment were assessed using radiography, 
and a correlation was observed between T1 slope (T1S) and 
lumbar mismatch (coefficient of 0.28, P = 0.047). Then, cervical 
sagittal alignment was evaluated using CT and sagittal spinopelvic 
alignment using radiography, and no correlation was observed 
between PI and thoracic inlet angle or cervical mismatch with 
lumbar mismatch.

Conclusion: In asymptomatic patients, in whom cervical 
sagittal alignment and spinal‑pelvic alignment were evaluated, 
only a positive correlation was found between lumbar mismatch 
and T1S, which lacks clinical significance. No concordance was 
identified between lumbar mismatch and cervical mismatch. 
Therefore, it is inferred that there is an independence between 
the sagittal spine‑pelvic alignment with respect to the sagittal 
cervical alignment.

Keywords: Cervical mismatch, cervical sagittal alignment, 
lumbar mismatch, spinopelvic sagittal alignment

INTRODUCTION

The evaluation of global sagittal balance in patients with 
spinal deformities has gained importance, due to its 
impact on quality of life and its correlation with disability 
indexes.[1] However, the correlation of spinopelvic alignment 
with cervical spine has not been studied in depth.

Correlation between the cervical sagittal alignment and 
spine ‑ pelvic sagittal alignment in asymptomatic adults
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A very important parameter when analyzing the cervical sagittal 
alignment of a patient is the cervical mismatch, which arises 
from the need of spine surgeons to reestablish a physiological 
cervical lordosis (CL) value when operating the cervical spine.[2] 
Therefore, it was defined that the cervical mismatch is the 
result of the subtraction of the T1 of slope (T1S) with respect to 
the CL (T1S − CL); in the general population, its value is 16.5° 
± 2° with a range between 14.5° and 26.5°.[2] If this parameter 
is not taken into account, this can generate complications such 
as residual deformity or iatrogenic deformity at the time of 
performing procedures on the cervical spine.[2]

Another parameter of great relevance in cervical sagittal 
alignment is the T1S. T1S is considered to be the biomechanical 
variable of the cervical spine, which integrates the cervical 
spine and thoracolumbar pelvic parameters; if T1S is <16.5°, 
it indicates that the cervical spine has a kyphotic cervical 
sagittal alignment.[2]

Although several studies have documented the linear 
correlation between pelvic incidence (PI), sacral slope (SS), 
lumbar lordosis (LL), and thoracic kyphosis, few have analyzed 
the pelvic‑spine correlation including the cervical spine.[3]

In this study, the aim is to evaluate the correlation between  
cervical sagittal alignment measured in conventional  
radiography and computed tomography (CT) with respect to 
the sagittal spino ‑ pelvic alignment measured in conventional 
radiography.

METHODS AND STATISTIC ANALYSIS

This was a cross‑sectional study. Patients without spinal 
pathology who had consulted the Neurosurgery Service 
of the “Hospital Militar Central” between 2019 and 2020, 
for other reasons unrelated to the spine, were included. 
Patients over 18 years of age, without spinal pathology, and 
with signature of informed consent to perform studies were 

included. Patients with previous cervical or lumbar spine 
surgery were excluded.

Subjects who agreed to participate underwent panoramic 
spine radiographs, cervical spine radiographs, and cervical 
spine CT scans in compliance with positioning standards. 
One investigator performed all measurements in a blinded 
manner (without knowing which patient the images belonged 
to or the measurements taken on the other images) using 
the Surgimap tool (Company: Nemaris Inc, 2008, Methuen, 
Massachusetts, USA), was developed by a group of spine 
surgeons,  researchers, and engineers to function as a 
standalone, freeware application. The following parameters 
were measured for cervical sagittal alignment: T1S, neck 
tilt (NT), thoracic inlet angle (TIA), and CL; for the calculation 
of cervical mismatch, the formula was used: T1S − CL. For 
the calculation of sagittal spinopelvic alignment, the following 
parameters were measured: SS, pelvic tilt, PI, and LL; for 
the calculation of lumbar mismatch, the formula was used: 
PI − LL.

For the sample size calculation, the correlation coefficient 
between thoracic and cranial inlet angle r = 0.624 was taken 
as a reference;[3] with a bilateral approach, 95% confidence 
with a power of 70%, a sample of 50 patients was determined.

Data exploration analysis was used to describe the sample, 
the mean and confidence intervals (CIs) were calculated for 
each of the measurements, and the paired sample t‑test was 
used to compare means. Spearman’s correlation analysis was 
performed to determine the correlation between cervical 
sagittal and pelvic‑spine balance. To compare cervical sagittal 
balance measurements using radiography versus tomography, 
Lin’s coefficient was determined and Bland–Altman plots 
were performed. Analyses were performed in SPSS software 
version 25.0 (Company: IBM, IBM SPSS Statistics 25. 0, March 
2017, Armonk, New york) is the world’s leading statistical 
software used to solve business and research problems by 

Table 1. Sagittal spino‑pelvic alignment, cervical sagittal alignment characteristics, analyzed in radiography and computed 
tomography.

Radiography Computed Tomography Difference of means P
Mean IC95% Mean IC95% Mean IC95%

Cervical Sagittal Alignment
T1 Slope 35,20 (30,42 a 39,98) 33,43 (30,64 a 36,22) 1,77 (‑2,99 a 6,54) 0,132
Neck tilt 52,14 (48,84 a 55,44) 52,20 (48,89 a 55,51) ‑0,06 (‑2,71 a 2,59) 0,989
Thoracic Inlet angle 89,05 (84,83 a 93,27) 86,07 (82,33 a 89,82) 2,97 (0,29 a 5,66) 0,050
Cervical mismatch 1,96 (‑2,25 a 6,16) 4,78 (1,61 a 7,96) ‑2,82 (‑6,14 a 0,48) 0,137

Sagittal Spino‑pelvic Alignment
Sacral slope 34,72 (32,37 a 37,08)
Pelvic tilt 17,16 (13,94 a 20,38)
Pelvic incidence 52,09 (48,17 a 56,00)
Lumbar mismatch 2,84 (‑0,81 a 6,50)
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means of ad‑hoc analysis, hypothesis testing, and predictive 
analytics.

RESULTS

Fifty‑one subjects were included, comprising 17 women (33.3%) 
and 34 men (66.7%) with an average age of 60.6 (standard 
deviation 20.3) years and a range of 20–88 years.

In the cervical sagittal alignment measured on radiography, an 
average NT of 52.14° (95% CI 48.84° to 55.44°) and an average 
cervical mismatch of 1.96° (95% CI –2.25° to 6.16 °) were 
measured; on the other hand, on tomography, the average 
NT was 52.20° (95% CI 48.89° to 55.51°) and the average 
cervical mismatch was 4.78° (95% CI 1.61° to 7.96°). In sagittal 
spinopelvic alignment, an average IP of 52.09° (95% CI 48.17° 
to 56.00°) and an average lumbar mismatch of 2.84° (95% 
CI −0.81° to 6.50°) were measured. Table 1 describes the 
cervical sagittal alignment parameters measured on both 
radiography and CT scans and also the sagittal spinopelvic 
alignment parameters measured on radiography.

When comparing the parameters of cervical sagittal 
alignment measured by CT and radiography, it was observed 
that the measurements with the greatest difference were 
TIA (mean difference of 2.97°; 95% CI 0.29° to 5.66°) and 
cervical mismatch (mean difference of −2.82°; 95% CI– 6.14° 
to 0.48°); however, these differences were not statistically 
significant. The concordance correlation between the 
cervical sagittal alignment parameters that were measured 
on CT and radiography were evaluated with Bland–Altman 
plots [Graph 1] and Lin’s concordance correlation coefficient. 
For NT, the Lin’s coefficient was 0.678 (95% CI 0.527–0.829); 

for T1S, it was 0.257 (95% CI 0.033–0.480), which speaks of a 
mild concordance correlation and variability of the values in 
Graph 1; for cervical mismatch, it was 0.591 (95% CI 0.423–
0.759), and for TIA, it was 0.756 (95% CI 0.640–0.872), which 
infers that there is no difference between the parameters 
measured both in radiography and CT of the cervical sagittal 
alignment.

With the parameters obtained by radiographic measurement, 
we sought to establish if there was a correlation between 
cervical sagittal alignment and sagittal spine‑pelvic alignment. 
A correlation was observed between T1S and lumbar 
mismatch (coefficient of 0.28; P = 0.047). No correlation was 
observed between PI and TIA nor of cervical mismatch with 
lumbar mismatch [Table 2].

When evaluating the parameters obtained by measuring 
cervical sagittal alignment by CT and sagittal spinopelvic 

Graph 1: Bland–Altman plots for the parameters measured in radiography (R) 
and by tomography (T) of the cervical sagittal alignment

Table 2. Correlation between cervical sagittal alignment and 
sagittal spino‑pelvic alignment with parameters measured on 
radiography.

Neck 
Tilt

T1 
Slope

 Cervical 
Mismatch

Thoracic 
Inlet Angle

Sacral Slope
Pearson Correlation ‑0,019 ‑0,140 ‑0,019 ‑0,143
Sig. (2‑tailed) 0,894 0,326 0,895 0,318

Pelvic Tilt
Pearson Correlation ‑0,025 0,151 ‑0,061 0,064
Sig. (2‑tailed) 0,861 0,290 0,671 0,654

Pelvic Incidence
Pearson Correlation ‑0,019 0,043 ‑0,075 ‑0,021
Sig. (2‑tailed) 0,894 0,766 0,599 0,881

Lumbar Mismatch
Pearson Correlation ‑0,123 ,280(*) 0,079 ‑0,021
Sig. (2‑tailed) 0,390 0,047 0,584 0,885

Table 3. Correlation between cervical sagittal alignment 
measured by CT scan and sagittal spino‑pelvic alignment 
measured by radiography.

Neck 
Tilt

T1 
Slope

 Cervical 
Mismatch

Thoracic 
Inlet Angle

Sacral Slope
Pearson Correlation 0,031 ‑0,118 ‑0,194 ‑0,105
Sig. (2‑tailed) 0,830 0,410 0,173 0,463

Pelvic tilt
Pearson Correlation ‑0,030 ‑0,057 0,184 ‑0,071
Sig. (2‑tailed) 0,834 0,691 0,197 0,622

Pelvic Incidence
Pearson Correlation 0,019 ‑0,129 0,048 ‑0,108
Sig. (2‑tailed) 0,894 0,366 0,740 0,452

Lumbar Mismatch
Pearson Correlation ‑0,116 0,030 0,096 ‑0,087
Sig. (2‑tailed) 0,417 0,837 0,503 0,543
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alignment measured by radiography, neither correlation was 
observed between IP and TIA, nor between cervical mismatch 
and lumbar mismatch [Table 3].

DISCUSSION

The maintenance of horizontal gaze is essential to maintain 
functionality in daily activities, so a physiological sagittal 
alignment of the head and neck is necessary to maintain 
an adequate quality of life. The cervical spine is the part of 
the spine with the greatest mobility in the sagittal plane, 
especially at the craniocervical junction (C0–C2); therefore, 
in degenerative disease, the cervical spine is responsible 
for compensatory mechanisms to maintain horizontal gaze; 
these compensatory changes are associated with neck pain, 
interscapular pain, and headache.[4,5]

The prevalence of neck pain is approximately 5% and occurs 
frequently in patients with sagittal balance disturbances, so 
understanding its pathophysiology is essential to provide 
efficient and cost‑effective management. Among the poor 
prognostic cervical sagittal alignment parameters are: C7 
slope >20°, T1S >25°, and cervical sagittal alignment (sagittal 
vertical axis) C2–C7 >4 cm.[5,6]

When there is an increase in the sagittal vertical axis (SVA) 
C2‑C7, a hyperextension in C0–C2 and a compensatory 
flexion in C2–C7 are generated to maintain the gaze in the 
horizontal plane. These compensatory changes associated 
with degenerative disease (loss of intervertebral disc height, 
progression of thoracic kyphosis, and facet laxity) cause 
structural changes that result in compression of neural 
structures with subsequent radiculopathy or myelopathy; in 
addition, changes occur in the cervical musculature generating 
contractures that are associated with trigger points for 
headache and neck pain.[6]

SVA and T1S are strongly related since studies have shown 
that patients with a T1S >25° have at least 10 cm of VAS 
while those with a T1S <13° correlate with a negative VAS. 
However, one of the main complications in patients with an 
altered cervical VAS is the adjacent segment, which consists of 
development of neurological symptoms such as radiculopathy 
or myelopathy of the immediately involved segments both 
superiorly or inferiorly of a previous fixation due to the 
deterioration of the discs or ligaments.[7]

For the measurement of these parameters of cervical sagittal 
alignment, conventional radiography is used; however, in 
some patients with unfavorable anatomy, such as a short 
neck, which does not allow or visualize the vertebral body 

of T1 and even C7 vertebral body, so the idea of studying 
it in computed axial tomography was born, so several 
studies were developed, to find if there was difference in 
being measured in the two methods, such as the study 
of Wang et al., in which they analyzed 60 cases of cervical 
degenerative spondylolisthesis versus control using studies 
such as radiology and CT for cervical sagittal alignment and 
found a correlation of the cervical parameters measured by 
CT and with radiography.[8]

The compensatory mechanisms in the cervical spine and 
outside the cervical spine have been supported by several 
studies, as for example, a simple kyphosis is compensated 
in the upper and lower segments, as a hyperlordosis in the 
upper cervical spine and vice versa. Cervical kyphotic changes 
are compensated with thoracic hypokyphosis to maintain the 
economy cone of the global sagittal balance.[9]

It has been described that increasing the lumbar 
mismatch (PI − LL) increases compensatory mechanisms 
such as pelvic retroversion, reduction of thoracic kyphosis, 
increased knee flexion, and pelvic displacement.[1] This 
indicates that multiple factors are responsible for achieving 
proper sagittal alignment in the spine.[1,10,11]

There is an interesting point, in which there is no direct 
correlation between CL and LL in the studies of cervical 
sagittal alignment including thoracolumbar sagittal and pelvic 
alignment.[12] Currently, the discussion persists as to whether 
or not there is a direct correlation between the spine‑pelvic 
and cervical parameters, as for example the study by Lee 
et al. where a sequential relationship was found between 
the spine‑pelvic, thoracic, but no relationship was identified 
between segmental parameters such as LL with CL, omitting 
the other parameters.[13] Another study such as Diebo et al., in 
2016, proposed a cervical sagittal alignment based on sagittal 
thoracolumbar alignment as CL = 10 − (LL − thoracic 
kyphosis)/2 but requires further additional studies.[14]

In the present study, the parameters obtained by measuring 
the cervical sagittal alignment on radiography and CT and 
correlating it with the sagittal spinopelvic alignment. No 
direct correlation was observed between the spinopelvic 
parameters and the cervical parameters.

In relation to the complications associated with the results 
of cervical mismatch and lumbar mismatch, these may 
predispose to complications such as adjacent segment, 
proximal function kyphosis, and pseudarthrosis which 
may result in proximal function failure.[15‑17] However, in 
the present study, it was not possible to establish a direct 
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correlation between the cervical mismatch and the lumbar 
mismatch, behaving as independent segments.

CONCLUSIONS

In asymptomatic patients, in whom cervical sagittal alignment 
and spinal‑pelvic alignment were evaluated, only a positive 
correlation was found between lumbar mismatch and 
T1S, which lacks clinical significance. No concordance was 
identified between lumbar mismatch and cervical mismatch. 
Therefore, it is inferred that there is an independence 
between the sagittal spine‑pelvic alignment with respect to 
the sagittal cervical alignment.

There is no difference in the calculation of cervical sagittal 
alignment parameters in imaging studies both in radiography 
and computed axial tomography.
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