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ABSTRACT

BACKGROUND: Sagittal balance of the spine has received considerable development in recent years. However, most studies
focused on the assessment of vertebral—pelvic parameters. The cervical spine has long received insufficient attention from
researchers, but this trend has been changing. The study of cervical sagittal balance in children with Down syndrome is
beneficial in approaching the preconditions of atlantoaxial instability.

AIM: To perform a comparative analysis of cervical sagittal balance parameters and atlantoaxial instability criteria in normal
and Down syndrome children.

MATERIALS AND METHODS: Radiographs of the cervical spine in the neutral position in lateral projection and postural
radiographs of 110 pediatric patients were analyzed retrospectively. The patients were divided into two groups: group 1
(normal), 60 children aged 4-17 years without spinal pathology, and group 2 (Down syndrome), 50 children aged 4-17 years
with Down syndrome. The parameters of cervical sagittal balance (Oc-C2, Oc-C7, C1-C2, C2-C7, C2-C7H, C7S, Th1S, TIA,
NT) and criteria for atlantoaxial instability (Nakamura angle, ADI, SAC-C1, SAC-C1/SAC-C4) were obtained, and data was
statistically analyzed.

RESULTS: Significant differences in the parameters C7S, Th1S, and TIA increased in children with Down syndrome. These
parameters are involved in cervical lordosis; however, no significant differences in cervical lordosis angles were found.
Furthermore, significant differences were noted in the criteria of atlantoaxial instability ADI, SAC-C1, and SAC-C1/SAC-C4
toward their decreasing in children with Down syndrome.

CONCLUSION: In patients with Down syndrome, the indices of cervical lordosis are statistically greater than those in
normal children. Moreover, the parameters of cervical lordosis in patients with Down syndrome do not differ from those
in normal children. Therefore, during flexion, subcompensation of the cervical spine is observed in children with Down
syndrome. Given the statistically smaller indicators ADI, SAC-C1, SAC-C1/SAC-C4, low neck muscle tone, and ligamentous
hypermobility, these abnormalities can be considered as congenital predisposition factors for atlantoaxial instability in
children with Down syndrome.
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AHHOTALIUA

06ocHoBaHMe. KoHuenuus carutTanbHoro 6anaHca NO3BOHOYHMKA MOMYYMia 3HAYUTENLHOE Pa3BUTME B NOCNEAHME oAbl
Ho abcostoTHoe 60NbLUMHCTBO paboT NOCBALLEHO OLEHKE NO3BOHOYHO-Ta30BbIX NapaMeTpoB. LLeliHoMy oTaeny No3BOHOYHM-
Ka AnuTenbHoe BpeMs yOensnoch HeloCTaTOuHO BHUMAHUA CO CTOPOHbI UCCNei0BaTesel, OJHAK0 cermyac 31a TeHAEHLMS 13-
MeHsieTcs. 3yyeHne wenHoro caruttanbHoro banaHca y feteit ¢ cuHapoMoM JlayHa MoXeT NoMoyb NpubausuTbes K npea-
MOChIIKaM PasBUTUSA aTNIaHTOAKCUaNbHON HeCTabubHOCTW.

Liens. MpoBectn cpaBHUTENbHBIA aHANM3 MapaMeTpoB LUEHHOr0 caruTTasbHOro banaHca M KpuTepueB aTnaHTOaKCUaNbHOM
HeCTabunbHOCTW y AeTel B HOPME M € CMHAPOMOM [layHa.

Matepuansl u MeTogbl. [poBeAEH PETPOCMEKTUBHBIN aHaNM3 PEHTTEHOrPaMM LLIEMHOMO OTAENA NMO3BOHOYHWKA B HEUTpasb-
HOM NoJioXeHWM B HOKOBOW NPOEKLMM, @ TakKe MoCTypanbHbIX peHTreHorpamm 110 naumeHToB petckoro BospacTa. [laum-
eHTbl pa3aeneHbl Ha age rpynnbl. [pynna 1 (Hopma) — 60 aeten B Bo3pacTe oT 4 1o 17 neT 6e3 naTonoruu No3BOHOYHMKA.
pynna 2 (cuHapom [layHa) — 50 petei B BospacTe oT 4 fo 17 net ¢ cuHapoMoM [layHa. Bbinu paccunTaHbl napameTpbl
LeHoro carutTanbHoro banaHca (Oc-C2, 0c-C7, C1-C2, C2-C7, C2-C7H, C7S, Th1S, TIA, NT) 1 Kputepuu aTnaHTOaKCManbHOIA
HecTabunbHoctn (yron Nakamura, ADI, SAC-C1, SAC-C1/SAC-C4) n npoBefiéH CTaTUCTUYECKUI aHaNWU3 AaHHBIX.
Pe3ynbTatbl. bbinn BbISBEHbI CTATUCTUYECKM 3HAYMMble pasnnums B napameTpax C7S, Th1S, TIA B cTopoHy Ux yBenudeHus
y AeTen ¢ cuHapoMoM [layHa. 3TM napaMeTpbl y4acTByloT B GOpPMUPOBAHWM LLEIIHOTO OPA03a, 04HAKO CTAaTUCTUYECKM 3Ha-
UMMBIX Pa3fiNuUiA B YTNOBLIX NOKa3aTeNsx LUeHHOro NopAo3a BbIABNEHO He bbino. Takke Oblnu 06HapYKEHbI CTaTUCTUYECKM
3HauYMMble pasNNumMs B KPUTEPUSAX aTnlaHToaKcManbHoi HectabunbHoctn ADI, SAC-C1, SAC-C1/SAC-C4 B CTOPOHY MX YMeHb-
LUeHUA y feTel ¢ cuHapoMoM [layHa.

3akntovenue. Y naumeHToB ¢ cuHApoMoM [layHa nokasatenu, GopMupyloLLMe LUEHHbINA NOPLO3, CTaTUCTUYECKM BOfbLLIE, YeM
y neTeil B HopMe. [lpu 3TOM yrnoBble NapameTpbl LLEHOro IOpA03a Y HUX He OT/IMYAIOTCS OT TaKOBbIX Y 3[40POBbIX AeTen,
cnefoBaTeNbHO, MpY QNIEKCHM LWENHBIW OTAEN NMO3BOHOYHWUKA Y AeTeln ¢ cuHapoMoM [layHa HaxoguTcs B CybkoMneHcaumm.
YuutbiBas cTatuctuyecku MeHblume nokasatenu ADI, SAC-C1, SAC-C1/SAC-C4, HU3KMI TOHYC MBILLL, LWEW WU rMnepMobuib-
HOCTb CBA30YHOTO annapaTa, MOXHO CYMTaTb MOJYYEHHbIE OTKNIOHEHUS BPOXAEHHBIMU (haKTOpaMU NpejpacnonoXeHHOCTH
K aTnaHToaKcuanbHoM HecTabunbHoCTH y aeTeit ¢ cuHapomom [layHa.

KnioueBble cfioBa: LWeiHbIA CaruTTanbHbli banaHc; cuiapom [layHa; WweiHblii 0TAeN NO3BOHOYHMKA; aTfiaHTOaKCHabHas
HecTabunbHOCTb; 3yboBMaHAA KOCTb.
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BACKGROUND

The concept of “spinal balance,” formulated by J.
Dubousset [1], formed the basis of the sagittal balance of
the spine, which, in turn, has been significantly developed
in recent years [2]. This concept is confirmed by an ever-
increasing number of scientific papers that describe the
relationship of various spinopelvic parameters with patient
complaints and treatment approaches. However, most of
the authors of these studies focus on the thoracic and
lumbar spine and, accordingly, their relationship with the
pelvis [3].

For a long time, the cervical spine in the concept
of sagittal balance of the spine received insufficient
attention, primarily because of its distance from the pelvis
and significant mobility [3]. Despite this, the number of
publications related in one way or another to cervical
sagittal balance has been steadily growing. Studies have
described the main angular and numerical parameters of
the cervical sagittal balance and conditional norm and
search for a methodology for measuring and assessing
these parameters. However, most studies are based on
measurements performed in adults [4—6]. However, very
few studies have described cervical sagittal balance
in pediatric patients and do not follow a clear unified
methodology.

D.A. Glukhov and A.Yu. Mushkin et al. (2022) contributed
significantly to solving this problem. They performed a
statistical analysis of data obtained when calculating the
main parameters of the cervical sagittal balance in 73 children
without spinal pathology based on the results of postural
radiographs. As a result, they established age norms for the
main indicators of cervical sagittal balance for children, their
sex differences, and differences from the normal parameters
of the adults [3].

Moreover, children with Down syndrome are
predisposed to various disorders of the musculoskeletal
system [7, 8], and its predisposing factors include
hypermobility of the ligamentous apparatus, decreased
bone mineral density, and congenital bone anomalies [9,
10]. Up to a third of such patients have one or another
cervical spine pathology [11]. Our study confirmed this
finding based on the results of a screening examination of
patients with Down syndrome for the presence of cervical
spine pathology [12].

These findings suggest that cervical sagittal balance
parameters in children with Down syndrome may be
statistically different from the normal values in children.
Despite this, no studies have presented the parameters of
cervical sagittal balance in children with Down syndrome,
which motivated us to conduct this study.

This study aimed to conduct a comparative analysis of
the parameters of cervical sagittal balance and criteria for
atlantoaxial instability in healthy children and those with
Down syndrome.

T.31 N2 1, 2024
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MATERIALS AND METHODS
Study design

A multicenter cohort retrospective comparative study was
performed.

Eligibility criteria

Radiographs of the cervical spine in a neutral position
in a lateral view and postural radiographs of 110 pediatric
patients were analyzed. Radiographs taken in an upright
position, with the head in a neutral position, were selected.
The selected radiographs capture the skull base, entire
cervical spine, and upper thoracic spine with the manubrium
of the sternum. The patients were distributed into two
groups.

Group 1 (normal) included 60 patients aged 4-17
years. The average age was 11 (7.0-14.0) years. There
were 26 boys and 34 girls. By age, there were 17 children
aged 4-7, 19 aged 8-11, and 24 aged 12-17 years. This
group included patients who applied for an outpatient
appointment at the Federal Center for Traumatology,
Orthopedics and Endoprosthetics of the Russian Ministry
of Health (Smolensk) with complaints of pain in the back,
cervical spine, or impaired posture. To rule out pathology
of the musculoskeletal system, these patients underwent
postural radiographs.

The inclusion were as follows:

« Age 4-17 years

« Able to maintain independently an upright posture

+ Successful performance of postural radiographs of the
spine

+ Absence of musculoskeletal pathologies according to
the results of postural radiographs of the spine in two
views.

The exclusion criteria were as follows:

« Age <4 years or >17 years

+ Musculoskeletal pathology

+ Any genetic syndrome or congenital disease associated

with connective tissue dysplasia.

Group 2 (Down syndrome) included 50 patients with Down
syndrome aged 417 years. The average age was 9 (7.0-12.0)
years. There were 24 boys and 26 girls. By age, there were
16 children aged 4-7, 18 aged 8-11, and 16 aged 12-17
years. This group included patients with Down syndrome
who underwent a screening examination for the presence
of cervical spine pathologies at the N.N. Priorov National
Medical Research Center of Traumatology and Orthopedics
of the Ministry of Health of Russia (Moscow).

The inclusion criteria were as follows:

+ Genetically confirmed Down syndrome (any of the
forms)

 Age 4-17 years
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« Ability to maintain independently an upright posture

» Successful performance of functional radiographs of
the cervical spine in the lateral view

« Absence of cervical spine pathologies according to
the functional radiographs of the cervical spine in the
lateral view.

The exclusion criteria were as follows:

- Age <4 or >17 years

» Cervical spine pathologies or spinal deformities

+ Presence of genetic syndromes other than Down
syndrome, or nonsyndromic ones.

Assessment of target indicators

Based on X-ray data, the angular parameters of the cervical
sagittal balance, most frequently mentioned in the literature,

Vol 31 (1) 2024
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assessed by the Cobb method (0c—C2, Oc-C7, C1-C2, C2-C7,
C2-C7H, C7S, Th1S, TIA, and NT), were calculated [3, 5]. The
method of calculating these parameters is presented in Fig. 1.

The parameters for atlantoaxial instability assessed in
the sagittal plane (Nakamura angle, ADI, SAC-C1, and SAC-
C1/SAC-C4) were also calculated [13, 14]. The methodology
for calculating the criteria is presented in Fig. 2. Table 1
presents the description of the parameters and criteria.

To avoid errors introduced by the use of various software
tools, all measurements were performed in the licensed
version of the RadiAnt DICOM Viewer program version 2022.1
(64 bit.) (Copyright© 2009-2023, Medixant).

Statistical data analysis

Statistical data analysis was performed using the statistical
programming language and the R environment (version 4.3.1) in

Fig. 2. Methodology for measuring atlantoaxial instability criteria: @ — Nakamura angle, b — SAC-C1, SAC-C1/SAC-C4, ADI.

DAl https://doi.org/10.17816/VT0624245
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Table 1. Cervical sagittal balance parameters and criteria for atlantoaxial instability

Parameter Designation Method of assessment
High cervical angle 0cC2 Angle between the McRae line and the line tangent to the inferior
endplate of C2
. Angle between the McRae line and the line tangent to the inferior
Common cervical angle 0c-C7
endplate of C7
Atlantoaxial angle C1-C2 Angle betwgen a line parallel to the inferior surface of C1 and tangent
to the inferior endplate of C2
Low cervical curvature C2—C7 Angle formed by the intersection of the tangents to the lower endplates
of C2 and C7
Harrison's angle C2—CTH Angle formed by a llne parallel to the posterior surface of C2 and a line
parallel to the posterior surface of C7
C7 slope C7S Angle between the horizontal line and superior endplate of C7
Th1 slope Th1S Angle between the horizontal and superior endplate of Th1
Angle between the line perpendicular to the middle of the superior
Thoracic inlet angle TIA endplate of Th1 and the line connecting this point and the superior
point of the sternum
Neck tilt NT Angle between the vertical line and the line between the apex of the
sternum and the middle of the cranial endplate of Th1
Angle formed by a perpendicular line drawn with respect to the tangent
Nakamura angle Nakamura line of the posterior surface of C2 and the line connecting the central
sections of the anterior and posterior arches of C1
Distance, estimated in millimeters, from the posterior surface of the
Anterior atlantodental interval ADI anterior arch of the C1 vertebra to the anterior surface of the tooth of
the C2 vertebra
Space available for the spinal cord at the Distance, estimated in millimeters, from the anterior surface of the
p P SAC-C1 posterior arch of C1 to the posterior surface of the tooth of the C2

C1 level

vertebra

Coefficient of the ratio of the space
available for the spinal cord at the level
of C1 and C4

SAC-C1/SAC-C4  Coefficient SAC—C1/SAC-Cé: <0.9 indicates spinal cord compression

the IDE RStudio (version 2023.09.0). The Shapiro-Wilk test was
used to assess the compliance of the sample with a normal
distribution. Statistical hypotheses about the differences in the
distribution of quantitative variables in the independent samples
were tested using the Mann-Whitney method and Pearson’s
chi-squared test. Correlation between quantitative values was
assessed using the Spearman correlation coefficient. The null
hypothesis in statistical tests was rejected at a significance
level of p <0.05.

Ethical considerations

All procedures performed in the study involving human
participants followed the standards of the local ethics
committee, meeting No. 7 of August 5, 2021, and the
1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. All patients (or their
representatives) provided informed consent.

RESULTS

The age distribution, assessed using the Shapiro—Wilk
test, did not correspond to normal (Fig. 3). No statistical

DAl https://doi.org/10.17816/VT0624245

differences were found between groups by sex (Pearson test,
p=0.766) and age (Mann—Whitney test, p=0.333).

In group 1 (normal, n=60), values for the parameters of
cervical sagittal balance and criteria for atlantoaxial instability
were calculated. The obtained parameters were taken as the
conditional norm for children.

For group 2 (Down syndrome, n=50), the values of similar
parameters and criteria were calculated.

Statistical hypotheses about the differences in the
distribution of quantitative variables in independent samples
were tested using the nonparametric Mann—Whitney test. As
a result, statistically significant differences were obtained in
the parameters characterizing the relationship of the cervical
spine and chest, namely, inclination of the C7 vertebra (C7S),
inclination of the Th1 vertebra (Th1S), and thoracic inlet angle
(TIA), toward their increase in patients with Down syndrome
(Fig. 4). Statistically significant differences were also obtained
in the criteria for atlantoaxial instability, namely, anterior
atlantodental interval (ADI), value of the space available for
the spinal cord at the level of the C1 vertebra (SAC-C1), ratio
of SAC at the level of the C1 and Cé4 vertebrae (SAC-C1/SAC-
C4), toward their decrease in patients with Down syndrome
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IZl Shapiro-Wilk Test

2

2 4 6 8 10 12 14 16 18
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P-value = 0,01249 W=10,948
IZl Shapiro-Wilk Test

15

2 4 6 8 10 12 14 16 18
= p-value ——1-p-value = Statistic

P-value = 0,0006545 W =0904

Fig. 3. Evaluation of normality of age distribution in the groups using with Shapiro—-Wilk test: @ — group 1 (normal), b — group 2 (Down
syndrome).

(Fig. 5). No statistically significant differences were found The statistical relationship between all studied criteria in
between other parameters and criteria. Table 2 presents data  groups (normal) and 2 (Down syndrome) was assessed using
obtained using median and quartiles. Spearman’s rank correlation coefficient (Fig. 6).
Mann-Whitney U test Mann-Whitney U test
p-value = 0,006 p-value = 0,026
80-
60-
60-
= 40- = ‘
5 sl Z40
315} = (35,5 |
25,1 - 293 |
2- 2- ’
Norm Down si{ndrome v Norm Down si(ndrome
N =60 N =50 lz, N =60 N =50
Mann-Whitney U test
p-value = 0,038
150-
125-
:'z 100 ‘
) =S 837
5| 776 |

’ Fig. 4. Graphs of statistically significant differences in cervical
sagittal balance parameters between groups presented using the
Mann-Whitney test: a — C7 tilt (C7S), b — Th1 tilt (Th1S), c —

Norm Down sf/ndrome L
N- 60 N-50 thoracic inlet angle (TIA).
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Mann-Whitney U test
p-value < 0,001

ADI

- 2,145

2. ALl

1-

Nor‘m Down sy;\drome
N=60 N=50

Mann-Whitney U test
p-value = 0,018

1 1,235

2 BAE

SAC-C1/SAC-C4

Norm Down syndrome
N =460 N =50

Statistically significant correlations were found in both
groups (p <0.05). A very high positive correlation was
obtained between the parameters of the inclination of the
C7 vertebra (C7S) and the Th1 vertebra (Th1S), which was
due to the adjacent position of the vertebrae. A high positive
correlation was noted between the parameters C2-C7H

T.31 N2 1, 2024

BecTHwK TpaBMaTonoriv 1 opToneami uM. HH. Mproposa

Mann-Whitney U test
p-value < 0,001

{ 15,95 |

SAC-C1

Norm Down syllndrome
N =60 N=50

Fig. 5. Graphs of statistically significant differences in atlantoaxial
instability criteria presented using the Mann-Whitney test: ¢ —
anterior atlantodental interval (ADI), b — space available for cord
at C1 level (SAC-C1), c — coefficient of ratio of space available for
cord at C1 level and C4 level (SAC-C1/SAC-C4).

and C2-C7 because both values describe cervical lordosis.
A similar correlation was noted between TIA and C7S, and
TIA and Th1S, and this trend indicates the high association
between the relatively biomechanically stable structures
that combine the spine and chest. In addition, a high positive
relationship was noted between the Nakamura angle and the

Table 2. Comparison of cervical sagittal balance parameters and atlantoaxial instability criteria between groups (data are presented using

medians and quartiles)

Parameter Group 1 (Norm) Group 2 (Down syndrome) p
0c-C2, ° 22.80 [18.10, 29.33] 24.55 [19.45, 31.70] 0.305
0c-C7, ° 34.00 [27.75, 44.32] 34.40 [26.10, 50.05] 0.625
c1-C2,° 24.50 [20.55, 31.15] 22.40 [18.05, 30.68] 0.318
c2-c7,° 9.65 [5.58, 20.17] 10.70 [3.77, 20.42] 0.845
C2-C7H, ° 17.70 [11.17, 32.48] 15.20 [5.90, 29.70] 0.221
s, ° 25.10 [18.00, 32.05] 31.50 [24.82, 39.25] 0.006
Th1s, © 29.30 [24.98, 36.52] 35.50 [28.08, 45.88] 0.027
TIA, ° 7160 [67.18, 85.30] 83.70 [72.53, 95.20] 0.038
NT, ° 4720 [42.10, 51.93] 48.95 [41.65, 55.75] 0.492
Nakamura, ° 14.05 [8.92, 16.97] 11.25 [7.53, 15.20] 0.079
ADI, mm 2.88 [2.55, 3.21] 2.1411.90, 2.75] <0.001
SAC-C1, mm 21.00 [19.78, 22.13] 15.95 [14.25, 17.82] <0.001
SAC-C1/SAC-C4 1.23 [1.17,1.30] 1.19 [1.09, 1.28] 0.019

DAl https://doi.org/10.17816/VT0624245
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Fig. 6. Representation of statistical relationships between all investigated parameters in groups using Spearman’s rank correlation coef-

ficient: @ — group 1 (normal), b — group 2 (Down syndrome).

C1-C2 angle because both parameters reflect the anatomical
relationships between the C1 and C2 vertebrae. A statistically
significant noticeable positive correlation was determined
between the inclination angles of the C7 and Th1 vertebrae
(C7S and Th1S) and parameters reflecting the magnitude
of cervical lordosis (Oc—-C7, C2-C7, and C2-C7H). Based on
the totality of the correlation dependencies identified, the
parameters characterizing the relationship of the spine and
chest (C7S, Th1S, and TIA) indicate the formation of cervical
lordosis, which has also been confirmed by other related
studies [15, 16].

Although the described correlations are typical for both
normal children and those with Down syndrome, group 2 had
lower correlation coefficients. This finding can be interpreted

as a smaller segmental relationship between the anatomical
structures of the cervical spine and the chest in children with
Down syndrome. This is probably due to the greater mobility
of the ligamentous apparatus and the reduced tone of the
neck muscles, which is a characteristic of these patients
(Table 3).

DISCUSSION

The constantly increasing number of studies assessing
sagittal balance parameters in children indicated a significant
increase in interest among researchers in the problem.

J.C. Le Huec et al. made the greatest contribution to
the description of the methodology for calculating the

Table 3. Comparison of Spearman’s rank correlation coefficient values between parameters with the strongest statistical relationship

(p <0.05)
Parameter Spearman's rank correlation coefficient
Group 1 (Norm) Group 2 (Down syndrome)

C7S and Th1S 0.91 0.85
C2-C7H and C2-C7 0.87 0.95
TIA and C7S 0.71 0.63
TIA and Th1S 0.70 0.71
Nakamura and C1-C2 0.71 0.72
C7S and Oc-C7 0.63 0.69
C7S and C2-C7 0.68 0.66
C7S and C2-C7H 0.73 0.60
Th1S and Oc-C7 0.61 0.55
Th1S and C2-C7 0.64 0.62
Th1S and C2-C7H 0.69 0.56
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parameters of global sagittal balance. Over a long period
of paying special attention to the parameters of spinopelvic
relationships, this group of authors has accumulated vast
experience in assessing and searching for normal values
of sagittal parameters for various groups of patients. In
2015, they addressed the problem of finding a method for
calculating and assessing the parameters of cervical sagittal
balance. They described reference parameters for analyzing
the sagittal balance of the cervical spine in asymptomatic
volunteers [6]. This work became the basis for many
subsequent studies on cervical sagittal balance.

In 2020, Iranian authors published a prospective study
to search for the relationship between the magnitude of
cervical lordosis and the parameters of segmental and global
sagittal balance. A study of the radiographs of 420 adult
patients revealed a relationship between cervical sagittal
balance and spinopelvic parameters [5]. This study assessed
the parameters of both healthy volunteers and patients
with various spinal pathologies accompanied by sagittal
imbalance.

S.H. Lee et al. examined the relationships between the
parameters of the cervical sagittal balance and concluded that
the TIA parameter is constant for each patient, representing
a constant similar to the Pl parameter in the lumbar spine.
Subsequently, they proved that the parameters C7S, Th1S,
and TIA varied slighlty during flexion and extension. A study
also confirmed the high significance of these parameters in
the development of cervical lordosis [15]. In their study of
the normal values of cervical sagittal balance parameters
in children, D.A. Glukhov and A.Yu. Mushkin et al. (2022)
concluded that these correlations were also valid for pediatric
patients, although most parameters of cervical sagittal
balance differed from those in adult patients [3].

In our opinion, children with Down syndrome must be
included whenevaluating cervical sagittal balance in children.
This is a rather well-studied group of patients, both from
the point of view of orthopedic pathology in general and
atlantoaxial instability in particular. Patients with Down
syndrome experience various musculoskeletal disorders.
Pathological conditions associated with the cervical spine can
have the greatest effect on the quality of life of these patients
[7, 12]. Transligamentous and transdental dislocations caused
by the presence of the odontoid bone of the C2 vertebra are
most common in these children compared with nonsyndromic
children and can lead to severe neurological deficits [11, 17,
18].

Generally, this type of dislocation is accompanied by a
decrease in local lordosis at the C1-C2 level (high cervical
angle and Nakamura angle) [13, 14]. Further displacement
leads to a decrease in the reserve space for the spinal cord
in the upper cervical spine with subsequent compression.

In this study, the parameters characterizing the
relationship between the cervical spine and the chest (C7S,
Th1S, and TIA) are statistically greater in children with Down
syndrome. These same parameters, being a constant for
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each child, determine the degree of cervical lordosis. Based
on the formulas and ratios presented by various researchers,
the magnitude of cervical lordosis in children with Down
syndrome should also be significantly greater; however, this
trend could not be confirmed in this study. This finding can
be due to the greater mobility of the ligamentous apparatus
in children with Down syndrome and weakness of the neck
muscles as described previously [9, 10]. In our opinion, this
can be interpreted as more pronounced intersegmental
mobility.

Moreover, the identified statistical differences in the
coefficients of SAC and anterior atlantodental interval (SAC-C1,
SAC-C1/SAC-C4, and ADI) downward in children with Down
syndrome were interpreted as an anatomically determined
predisposition to a more pronounced neurological deficit with
anteroposterior dislocations. Consequently, pediatric patients,
being predisposed to hypermobility in the atlantoaxial and
subaxial parts of the spine, are also at risk of earlier and
more pronounced development of myelopathy, which can
often be noted in practice, for example, in patients with the
odontoid bone of the C2 vertebra.

CONCLUSION

Compared with healthy children, patients with Down syn-
drome have statistically higher values of cervical lordosis
parameters. These parameters, which are constant, can be
described as one of the anatomical manifestations of this
syndrome. Moreover, the angular characteristics of cervical
lordosis do not differ from those in healthy children. During
flexion, the cervical spine in children with Down syndrome
is in subcompensation because smoothing of the cervical
lordosis, up to its transition to kyphosis, is a compensatory
mechanism for this type of movement. Considering the statis-
tically smaller SAC in the cervical region, lower ADI, low tone
of the neck muscles, and hypermobility of the ligamentous
apparatus, the resulting deviations can be considered con-
genital factors predisposing children with Down syndrome
to atlantoaxial instability. Determining the parameters of
cervical sagittal balance in various patients requires further
study to identify the applied significance of this concept both
in surgical treatment and prevention of various pathological
conditions.
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