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ABSTRACT

Obijective: To analyze the cervical sagittal parameters of patients with rheumatoid arthritis (RA) and compare them with the param-
eters obtained from healthy patients in a sample of the Brazilian population. Methods: Epidemiological data were collected and 72
radiographs of the cervical spine in the sagittal plane were evaluated by measuring the cervical sagittal parameters COG-C7 (distance
measured between the center of gravity of the head and the C7 plumb line -cranial offset), C2-C7 lordosis (vertebrae from C2 to C7),
T1S (T1 slope), TIA (thoracic inlet angle) and NT (neck tilt). Statistical analysis was performed using the Student’s t and chi-square tests.
Results: The TIA and NT values in the RA group were 88.8° = 12.6° and 54.5° = 9.3° respectively, while for the control group, they
were 77.7° = 7.9° and 50.5° = 7.7°, respectively, the RA group values being statistically higher than the control group values (p <0.001
and p = 0.050, respectively). The values obtained for COG-C7, C2-C7 lordosis and T1S for the RA group were 9.4 = 16.4mm, 25° +
22.4° and 2.6° = 10.1°, respectively, while for the control group they were 11.8 = 17.6mm, 26.8° = 12.5° and 30.9° = 8.4°, respectively.
Conclusions: Patients with RA present changes in the thoracic inlet parameters as compared to the control group, with a statistically
significant increase in the TIA and NT values, outlining a characteristic compensatory pattern for maintaining cervical sagittal balance.
Level of evidence IlI; Controlled cross-sectional study.
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RESUMO

Objetivo.: Analisar os pardmetros sagitais cervicais dos pacientes com artrite reumatoide (AR) e comparar com os pardmetros obtidos
de pacientes saudaveis dentro de uma amostra da populagdo brasileira. Métodos: Foram coletados dados epidemioldgicos e avaliadas 72
radiografias da coluna cervical no plano sagital, mensurando os parametros sagitais cervicais OCG-C7 (distancia medida entre o centro de
gravidade do crénio e a linha de prumo de C7 — offset craniano), lordose C2-C7 (vértebra de C2 até C7), T1S (inclinacéo de T1), TIA (Angulo
de abertura superior do térax) e NT (Neck Tilt). A analise estatistica foi realizada com os testes t de Student e qui-quadrado. Resultados:
Os valores do TIA e do NT no grupo AR foram 88,8° = 12,6° e 54,5° + 9,3° respectivamente, enquanto para o grupo controle foram 77,7°
+ 7,9° e 50,5° = 7,7° respectivamente, com um aumento estatistico dos valores daqueles em relacéo a estes (p < 0,007 e p = 0,050,
respectivamente). Os valores obtidos do OCG-C7, lordose C2-C7 e T1S para o grupo AR foram 9,4 = 16,4 mm, 25° = 22,4°e 32,6° = 10.1°,
respectivamente, enquanto para o grupo controle foram 11,8 + 17,6 mm, 26,8° = 12,5° e 30,9° + 8,4°, respectivamente. Conclusées. Os
pacientes com AR apresentam alteragbées dos parametros do angulo de abertura superior do térax em comparagdo com o grupo controle,
com um aumento significativo estatistico dos valores do TIA e NT, esbogcando um padrao compensatorio caracteristico para manutengao
do equilibrio sagital cervical. Nivel de evidéncia Ill; Estudo transversal controlado.

Descritores: Equilibrio Postural; Coluna Vertebral; Artrite Reumatoide.

RESUMEN

Objetivo: Analizar los parametros sagitales cervicales de los pacientes con artritis reumatoide (AR) y comparar con los parametros
obtenidos de pacientes saludables dentro de una muestra de la poblacién brasileria. Métodos: Fueron colectados datos epidemioldgicos
y evaluadas 72 radiografias de la columna cervical en el plano sagital, midiendo los parametros sagitales cervicales OCG-C7, (distancia
medida entre el centro de gravedad del craneo y la linea de plomo de C7 - offset craneal), lordosis C2-C7, (vértebra de C2 hasta C7),
T1S (inclinacion de T1), TIA (angulo de apertura superior del torax) y NT (Neck Tilt). El andlisis estadistico fue realizado con los tests t de
Student y chi-cuadrado. Resultados: Los valores del TIA y del NT en el grupo AR fueron 88,8° + 12,6° y 54,5° = 9,3°, respectivamente,
mientras que para el grupo control fueron 77,7° = 7,9°y 50,5° = 7,7°, respectivamente, con un aumento estadistico de los valores de
aquellos con relacién a éstos (p <0,001 y p = 0,050, respectivamente). Los valores obtenidos del OCG-C7, lordosis C2-C7 y T1S para
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el grupo AR fueron 9,4 = 16,4 mm, 25° = 22,4°y 32,6° = 10,1°, respectivamente, mientras que para el grupo control fueron 11,8 = 17,6
mm, 26,8° + 12,5°y 30,9° + 8,4°, respectivamente. Conclusiones: Los pacientes con AR presentan alteraciones de los parametros del
angulo de apertura superior del térax en comparacion con el grupo control, con un aumento estadisticamente significativo de los valores
del TIAy NT, esbozando un patrén compensatorio caracteristico para mantenimiento del equilibrio sagital cervical. Nivel de evidencia IlI;

Estudio transversal controlado.

Descriptores: Equilibrio Postural; Columna Vertebral; Artritis Reumatoide.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflammatory
disease that affects the synovial joints. It can also present through
extra-articular manifestations, such as rheumatoid nodules, syste-
mic and metabolic changes such as a low HDL cholesterol level,
increased insulin resistance and increased levels of C-reactive
protein, for example.'?

RA affects about 1% - 2% of the adult population worldwide. It is
two times more common in females and it has repercussions for the
economic involvement of the patient and of the country.®* Described
for the first time in 1890 by Garrod, involvement of the cervical spine
was observed in 34% of the 500 RA patients evaluated.® The cervical
spine is the second most common site of rheumatoid arthritis invol-
vement, present in more than 80% of patients with this disease.®®

Highly complex, the cervical region is susceptible to a series of
disorders and complications that can culminate in an imbalance in
cervical sagittal alignment.®

Proper spinal sagittal alignment translates into harmony be-
tween cervical lordosis, thoracic kyphosis and lumbar lordosis.
Its misalignment induces compensatory mechanisms to kick in,
generating greater energy expenditure and overloading other mus-
culoskeletal system structures, which results in greater physical
limitation, fatigue and pain.'®'4

In 2012, Lee et al.,'® demonstrated, through the upper chest
opening concept, (thoracic inlet — Tl), a significant reciprocal corre-
lation between the cranial parameters (distance measured between
the cranial center of gravity and the C7 plumb line — cranial offset
[COG-C7], angle of C0), cervical parameters (C2-C7 angle, CO-C2
angle) and Tl parameters (angle of the upper chest opening [TIA],
neck tilt [NT] and T1 slope [T1S]) in the maintenance of craniocer-
vical sagittal balance associated with proper physiological posture
that involves less energy expenditure.

Although previous studies have shown the impact of some of
the parameters used to evaluate cervical sagittal alignment on the
indices that measure health related quality of life (HRQOL), such
as those measured by the Neck Disability Index (NDI), to date we
have no knowledge of any study that correlates the cervical sagittal
parameters with RA 517

The objective of the present study is: (1) to analyze cervical
sagittal alignment in patients with RA with cervical involvement,
and (2) to compare the sagittal parameters of these patients with
those of patients who do not have rheumatoid arthritis in a sample
Brazilian population.

METHODS

This is a retrospective, cross-sectional, controlled study,
approved by the Institutional Review Board as number CAAE
26416219.2.0000.5404 and conducted from 2012 to 2014 through
the collection of clinical and radiological data.

The study sample consisted of patients over 18 years of age
with rheumatoid arthritis with cervical involvement documented in an
imaging examination. The control group was made up of individuals
without rheumatoid arthritis with radiographic images of the cervi-
cal spine. The exclusion criteria were: 1) patients with rheumatoid
arthritis without cervical involvement; 2) inadequate radiographic
records for the assessment of the cervical sagittal parameters to be
studied; 3) patients with cervical fractures; and 4) patients who had
undergone prior cervical spine surgery.

From a total of 324 lateral cervical spine radiographs evaluated,
only 72 met the study inclusion criteria. Twenty-eight radiographs were
of patients with rheumatoid arthritis with cervical involvement and were
allocated to the RA group. Forty-four radiographs were from patients
without rheumatoid arthritis and made up the control group.

In addition to the sagittal parameters, epidemiological data, such
as age and sex, were also collected for evaluation.

The radiographs taken in the lateral incidence, with adequate
digital quality, were extracted from the HC-UNICAMP database and
the parameters measured and evaluated using Surgimap Spine
software (Nemaris Inc. New York, USA) in a standard 1x1 scale for
all the images.

Since the patients were no longer in clinical follow-up at the
hospital and there was no need to be in contact with them, the
signing of the informed consent form was waived.

As described by Lee et al.,'® we measured the COG-C7 values
(defined as the distance between the C7 plumb line and the center of
gravity of the head), the cervical lordosis (the C2-C7 angle, measu-
red from the C2 to C7 vertebrae using the Cobb method, is defined
as the angle formed between the line tangent to the lower endplate
of C2 and another line tangent to the lower endplate of C7), of the
T1 slope (T1S, described as the angle formed between the horizontal
plane and the upper endplate of the T1 vertebra — TIUEP), of neck tilt
(NT, defined as the angle formed between a line perpendicular to the
ground drawn from the most proximal extremity of the sternum and
another line connecting the most proximal extremity of the sternum
to the TTUEP), and of the upper thoracic inlet angle (TIA, defined
as the angle formed by a line from the center of the TIUEP and
perpendicular to it and another line that connects the center of the
T1UEP to the most proximal region of the sternum).

The values of the sagittal parameters and clinical data of the RA
patients were compared to those of the controls. The parameters
were evaluated by a trained orthopedist with expertise in measuring
the described parameters. IBM-SPSS for Windows version 20.0
software was used to perform the analyses and Microsoft Excel 2003
software was used to tabulate the data. The tests were conducted
with a significance level of 5%.

RESULTS

In the RA group (n=28), there were 23 (82.1%) females and
5 (17.9%) males, ranging from 45 to 84 years of age (mean =
SD = 62.2 = 11.5), while in the control group (n=44), there were 35
(79.5%) females and 9 (20.5%) males, ranging from 21 to 83 years
of age (mean = SD = 56.5 = 14.9), showing that there was no
statistically significant association of the sex of the patients between
the groups, nor was there a statistically significant mean difference
in the age of the patients (p = 0.088 and p = 0.786, respectively),
as shown in Table 1.

As regards the radiographical parameters, Table 2 shows that,
among all the parameters evaluated, the TIA and the NT were sta-
tistically greater in the RA group patients than in the control group
patients (p < 0.001 and p = 0.050, respectively).

DISCUSSION

When affected by RA, the cervical spine undergoes changes
resulting from a chronic inflammatory process with the formation of
pannus, bone erosion, slackening of the ligaments and instability,
most often occurring in the occiput-C2 transition region. As a result,
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Table 1. Description of the personal characteristics by group and the
statistical test results.

Group Total
Variable Control p
(N =44) |RA(N = 28)| (N = 72)
Age (years) 0.088
mean + SD 565+ 149 [622+115 (687 %+ 139
median (min.; max.)| 59.5 (21; 83) | 60 (45; 84) |60 (21, 84)
Sex, n (%) 0.786*
Female 35 (79.5) 23 (82.1) 58 (80.6)
Male 9 (20.5) 5(17.9) 14 (19.4)

Student'’s t test, *Chi squared test.

Table 2. Description of the radiographical parameters by group and results
of comparisons.

Variable Group Total
' Control (N = 44)( RA (N = 28) (N = 72) p
COG-C7 (mm) 0,560
mean+SD | 11.8+176 94+164 | 109+17.1
median | 103 (.184:77) | 7 (-28:46) | 9.1 (-28: 77)
(min.; max.)
c2-c7
Lordosis (°) 0.709
mean+SD | 268+ 125 25+224 | 26.1+16.9
median o 4 (24.2: 46.5)|25.5 (-32; 71)| 27 (-32: 71)
(min.; max.)
T1 Slope (°) 0.454
mean + SD 309 +84 326 + 10.1 315+9
median 31(11;46) |345 (10;56) | 315 (10; 56)
(min.; max.)
TIA (°) <0.001
mean + SD 77779 888+126 | 82+ 113
median . . 82.1 (61.9;
(min.: max) | 769 (61.9: 89.3)|885 (66: 114) 114)
Neck Tilt (°) 0.050
mean + SD 505+ 7.7 545+93 | 521 +85
median |55 4 (312. 66.1) | 553 (38; 72) [52.7 (31.2; 72)
(min.; max.)

Student'’s t test.

the disease manifests itself as atlantoaxial instability (AAl), basilar
invagination (Bl) and/or subaxial subluxation (SS).'823

The morbidity and mortality resulting from the inflammatory
changes of RA in the cervical region are known, but there has been
little focus on the cervical sagittal alignment of these patients. In
a study to evaluate the morbidity rate in a group of 532 patients
diagnosed with RA associated with cervical involvement, Paus
et al.,?* identified 53% of the deaths from complications related to
RA, as well as a significant reduction in life expectancy in both sexes
when compared to the normal population.

In our study, the cervical sagittal parameters of the RA group
had higher mean values (with the exception of COG-C7, which was
lower in this group) than those found for a Korean population of
asymptomatic young adults' and for an American population of
volunteers.?® In addition to the cervical involvement from RA, factors
like age, sex and ethnicity also may be responsible for the difference
between the values.

The TIA values were statistically higher in the RA group com-
pared to the control group, although there was no significant pro-
portional increase in T1S or C2-C7 lordosis observed in that group.

In 2012, Lee et al.,' postulated that the skull and the cervical

spine have their own mechanisms for preserving physiological sa-
gittal alignment and that they are more influenced by the Tl than by
thoracic kyphosis. Thus, they introduced the concept of Tl and its
parameters, in which the shape and orientation of the Tl can influen-
ce the sagittal alignment of the skull and the cervical spine to main-
tain a horizontal view, similar to the influence of pelvic incidence (PI)
on the pelvis. Through the formula TIA = T1S + NT, they concluded
that when the TIA is increased, a compensatory increase in the T1S,
and consequently in C2-C7 lordosis, is expected in order to maintain
a physiological NT, a horizontal view and cervical sagittal alignment
with a minimum of energy expended. They also identified the TIA and
the T1S as predictive parameters of physiological sagittal alignment.

The direct relationship between sagittal alignment of the high
cervical spine with the low cervical spine through the correlation
between the C0-C2 angles with the C2-C7 angles,'®?%8 and of the
Tl parameters with the cervical spine through the angles of the T1S
with C2-C7 and of the TIA with the T1S and C2-C7,'%26 have been the
subject of several studies and are well established in the literature.
There is a link between the parameters, where an increase in C0-C2
lordosis induces a decrease in C2-C7 lordosis, an increase in T1S
generates an increase in C2-C7 lordosis, and an increase in TIA ten-
ds to promote an increase in T1S and C2-C7 lordosis. The inverse
relationship is also true for each of the cases mentioned above.

Another parameter that increased significantly in the RA group
compared to the control group in our study was the NT. Taken as
the angle that evaluates the Tl plane (whether it is more horizontal
or vertical), the NT was described with a value of around 44° in the
orthostatic position to maintain adequate cervical sagittal alignment
with less energy expended.'®

Just as the importance of the spinopelvic parameters in main-
taining adequate sagittal alignment of the spine is based on the
directly proportional relationship of pelvic incidence with pelvic
version and sacral inclination,?®%? craniocervical sagittal balance
is greatly influenced by the Tl parameters, where the TIA is directly
proportional to the sum of T1S and NT. This relationship may explain
the findings of this study.

Being a constant value for each individual that does not change
according to positioning,'®2¢ once the TIA presents a high value it
should induce a proportional increase in the T1S as an adaptive
response aimed at keeping the NT close to a physiological value
and maintaining cervical sagittal balance. In the RA group, howe-
ver, this was not the response we observed. To the contrary, there
was a significant increase in the NT values in order to maintain
the relationship of the TIA with the T1S and the NT parameters, as
previously described.

This study has limitations, among them the small sample. Ano-
ther limitation is based on the fact that the study is focused on the
evaluation of imaging findings, and does not consider the clinical
conditions presented by the patients in the RA group. Future studies
should include and relate overall sagittal parameters, evaluating the
involvement of RA in spinal and extraspinal joints.

CONCLUSION

It was found that patients with RA with cervical involvement pre-
sent changes of the thoracic inlet parameters when compared with
the control group, with a significant increase in TIA and NT values,
outlining a characteristic compensatory pattern for maintaining cer-
vical sagittal balance.

All authors declare no potential conflict of interest related to
this article.
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