
66
Pathology of the cervical spine

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2025;22(2):66–74 

D.A. Glukhov, A.Yu. Mushkin., 2025

Objective. To analyze dynamics of changes in the parameters of the sagittal balance of the cervical spine against the background of surgi-

cal treatment of destructive tumor and infectious inflammatory pathology of the cervical vertebrae in children.

Material and Methods. Design: retrospective-prospective monocentric cohort. A total of 81 radiographs of the cervical spine in a standing 

position before and after surgery in children operated on for vertebral tumors and cervical spondylitis were selected. The 10 most common 

parameters were measured: angular values of Oc–C2, C2–C7, C7S, T1S, TIA, NT, CeT, CrT, SCA, as well as the cSVA distance mea-

sured in mm. The material was statistically processed using nonparametric analysis methods.

Results. In case of suboccipital lesions, the most significant changes were in the Oc–C2 and CrT parameters, in case of subaxial lesions — 

Oc–C2, C2–C7, and in case of cervicothoracic junction lesions — C2–C7, C7S, T1S, TIA, NT, CeT, and CrT. Significant difference  be-

tween the groups was noted only for NT parameter between the norm and the group of cervicothoracic junction pathology after surgery 

(p = 0.0190). In case of tuberculous spondylitis, the greatest changes were noted in TIA, NT, CeT, SCA and cSVA parameters. Sig-

nificant differences were also revealed only for NT parameter between the postoperative groups of tuberculous spondylitis and tumors 

(p = 0.0016), as well as between the group of tuberculous spondylitis after surgery and the norm group (p = 0.0013). In case of extensive 

(3 or more vertebrae) destruction, the NT parameter differed from the norm both before (p = 0.0174) and after (p = 0.0059) surgical 

treatment. The cSVA parameter differed from the norm in case of short destructions only before surgical correction (p = 0.0195), while 

in case of extensive destructions it differed from the norm only after surgical reconstruction (p = 0.0212).

Conclusion. Studying the issues of spine biomechanics in pathological conditions allows for better understanding the changes that occur 

and propose effective methods for correcting and restoring the normal anatomy of the segment.
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The normal values of sagittal balance 
parameters in children provided in the 
recent specialized literature allowed 
re-evaluating spinal changes occurring 
during various disease processes [1–5]. 
Considering that many of them lead to 
spinal deformity, the objective was to 
objectify changes in the cervical spine in 
children by analyzing the sagittal balance 
parameters with underlying tumors and 
infectious inflammatory lesions of the 
cervical vertebrae.

Study design: retrospective-prospec-
tive monocentric cohort.

The main study item included the sag-
ittal balance parameters of the cervical 

spine with underlying destructive chang-
es in the vertebrae and the possibility of 
surgical correction.

Inclusion criteria were the following:
• one treatment center: Pediat-

ric Surgery and Orthopedics Clinic, 
Saint Petersburg Research Institute of 
Phthisiopulmonology;

• determined etiology of the disease: 
vertebral tumors and spondylitis;

• localization: cervical vertebrae, 
including Oc/C1–C7;

• available lateral radiological images 
of cervical spine in a standing position, 
including before and after surgery;

• age of patients under 18 years at the 
time of surgery.

Exclusion criteria included the 
following:

• any congenital malformations of the 
cervical vertebrae or signs of traumatic 
injuries found during a complete physi-
cal examination of a child;

• underlying neurosurgical abnormal-
ity: tumors and congenital malformations 
of the spinal cord or skull base, including 
any type of myelodysplasia;

• neurological disorders and inabil-
ity for a child to maintain a standing 
position.
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Material and Methods

To analyze balance changes, 81 lateral 
cervical spinal radiological images were 
selected from the clinic’s radiological 
archive; all images were performed in a 
standing position before and after sur-
gical treatment in children with tumors 
and infectious and inflammatory lesions 
of the vertebrae.

The 10 most common parameters 
were measured using the selected radio-
logical images: angular values Oc–C2, C2–
C7, C7S, T1S, TIA, NT, CeT, CrT, SCA, as 
well as the cSVA distance in mm (Fig. 1). 
These parameters are described in the 
literature, as well as a detailed measure-
ment technique [1]. To eliminate poten-
tial errors because of various software 
when working with DICOM files, all 
measurements were performed in the 
licensed version of RadiAnt DICOM 
Viewer software (version 2021.2, Copy-
right © 2009–2022 Medixant).

The data were statistically processed 
using non-parametric analysis methods. 
The sample parameters are provided as 
Me (Q1–Q3), since the Shapiro-Wilk and 
Lilliefors (Kolmogorov-Smirnov test with 
Lilliefors correction) tests revealed statis-
tically significant deviations of the ana-
lyzed parameter groups from the normal 
distribution. The source data was accu-
mulated, adjusted and systematized in 
LibreOffice Calc spreadsheets (version 
3.7.2, MPL v.2). Statistical analysis and 
visualization of the obtained results were 
carried out using the R language (version 
3.5.1, GNU GPL v.2) in the RStudio Desk-
top integrated development environ-
ment (version 2022.02, GNU AGPL v.3).

Results

All parameters were firstly divided into 
groups according to the main level 
of lesion, regardless of the etiology 
(suboccipital Oc-C2, subaxial C3–C7, 
and cervicothoracic C7–T1), as well as 
concerning the surgical treatment: before 
and after surgery (Table 1).

In case of suboccipital lesions, the 
most significant changes were found in 
the Oc–C2 and CrT parameters, in case 
of subaxial lesions – in Oc–C2, C2–C7, 

and in case of lesions of the cervicotho-
racic junction – in the C2–C7, C7S, T1S, 
TIA, NT, CeT, and CrT.

Moreover, a statistically significant 
difference between groups was found 
only for the NT parameter (Kruskal–
Wallis test: χ2 = 20.8029; df = 6; p = 
0.0020). Dunn’s test with Holm adjust-
ment of the critical significance value 
for multiple comparisons revealed a 
difference between the normal param-
eters and the cervicothoracic junction 
group after surgery (p = 0.0190; Fig. 2; 
Table 2).

To assess the changes in the sagit-
tal balance depending on the disease 
etiology and in regard to the surgical 
treatment (before/after) without con-
sidering the lesion level, the data was 
divided into nosological groups. The 
results are provided in Table 3.

According to the obtained results, 
the greatest changes in the parameters, 
especially TIA, NT, CeT, SCA and cSVA, 
were registered in case of tuberculous 
spondylitis and indicated by the devi-
ated median and a wide interquartile 
range. This corresponds to a greater 
extent of the lesion and the most com-
mon involvement of the cervicothora-
cic junction (base of the neck) in the 
disease of this etiology [6].

However, statistically significant dif-
ferences were registered only for the 
NT parameter (Kruskal–Wallis test:  
χ2 = 22.935; df = 6; p = 8e-0.4). To 
assess the difference between groups, a 
pairwise comparison of the groups was 
performed using Dunn’s post hoc test 
with Holm adjustment (Fig. 3, Table 4).

This post hoc test revealed differences 
in the NT parameter between the post-
operative groups with tuberculous spon-
dylitis and tumors (p = 0.0016), as well 
as between the group with tuberculous 
spondylitis after surgery and the con-
trol group (p = 0.0013). The difference 
between the NT parameter in patients 
with tuberculous spondylitis after surgery 
and the one in the control group may be 
associated with the extended reconstruc-
tion in the cervicothoracic junction.

Because of the presence of patients 
with extensive vertebral destruction 
in the cohort, it was decided to divide 

the children into 2 groups: with short 
destruction (2 or less vertebrae) and 
extensive destruction (3 or more). This 
dividing was based on the information 
on the impact of damage to three or 
more vertebrae on the surgical treatment 
outcome [7–10]. The results are provided 
in Table 5.

Statistically significant differences 
were registered for the NT parameter 
(Kruskal–Wallis test: χ2 = 17.856; df = 4; 
p = 0.0013) and for the cSVA parameter 
(Kruskal–Wallis test: χ2 = 11.6; df = 4; 
p = 0.0206; Fig. 4, 5).

The between-group difference for the 
NT parameter was revealed by pairwise 
comparison of groups using Dunn’s post 
hoc test with Holm adjustment (Table 6).

It was revealed that the NT parameter 
differs from the normal value in case of 
extensive destruction both before and 
after surgical treatment. Short destruc-
tion does not result in a significant 
change in the parameter.

This test revealed no significant dif-
ferences for cSVA parameter, despite the 
Kruskal-Wallis test, so it was decided to 
perform a pairwise comparison using the 
Mann-Whitney test (Table 7).

The Mann-Whitney test indicated sig-
nificant differences from the normal val-
ues for short destructions, which were 
eliminated after surgical correction. At 
that, the cSVA parameter for extensive 
destructions differs from the normal val-
ue only after surgical reconstruction; this 
was possibly associated with the difficulty 
of restoring normal anatomy with many 
affected vertebrae.

Discussion

The obtained results can be explained 
both by the relatively small number of 
cases in each group and, consequently, 
the impossibility of detecting deviations 
from the normal condition, as well as 
by the high adaptation options of the 
cervical spine, with its unique mobility 
features compensating for these 
deviations.

The analysis of changes in the sagit-
tal balance parameters is of great inter-
est from the point of view of an unbi-
ased evaluation of abnormalities in spi-
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nal deformities of various origin, as well as the subsequent assessment of 
postoperative correction.

A literature search reveals a complete lack of information on abnormal 
changes in the sagittal profile of the cervical spine in the case of verte-
bral destruction. Meanwhile, extremely few studies describe the analysis 
of the sagittal balance in children with congenital defect of the cervical 
spine, as well as compensatory changes in the neck with deformities of 
the subjacent departments.

Fig. 1
Sagittal balance parameters of the cervical spine
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Fig. 2
Change in the NT parameter depending on the level of lesion before 
and after surgical correction
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A.A. Kuleshov et al. [4] revealed an 
increase in the C7S, T1S, and TIA in 
children with Down syndrome, as well 
as a decrease in the atlantoaxial param-
eters (ADI, SAC-C1, SAC-C1/SAC-C4) 
compared to the normal values, which 
may be the cause of the C1–C2 insta-
bility, even in the absence of the odon-
toid bone.

When comparing the cervical sagit-
tal balance parameters in healthy chil-
dren and children with confirmed short 

stature, Wu et al. [5] found a significant 
increase in cervical lordosis, T1S, thoracic 
kyphosis, and a trend to stooped posture.

In adolescents with Scheuermann’s 
disease and the kyphosis apex located in 
the thoracic spine, researchers revealed 
an increase in the C2–C7, CeT and TIA 
compared to the normal values and 
kyphosis located in the thoracolumbar 
junction [11, 12]; moreover, the increase 
in cervical lordosis occurs due to C4–C6 
segments [12].

Several articles describe the effect of 
types 1 and 2 Lenke scoliotic deformi-
ty on the sagittal profile of the cervical 
spine. The authors unanimously take the 
position that the selection of the upper 
fixed vertebra (T2–T4) has an effect on 
the correction of the shoulder girdle lev-
el and that cervical lordosis is directly 
dependent on thoracic kyphosis at the 
T1–T5 level (cervical lordosis decreases 
with hypokyphosis at this level) and the 
T1S parameter [13–17]. However, Legar-
reta et al. [16] and Ketenci et al. [17] indi-
cate that the selection of the upper fixed 
vertebra starting from the T3 and above 
leads to a significant decrease in cervical 
lordosis, while other authors mention 
the absence of such an effect. For type 
3 and 6 Lenke scoliosis, Yanik et al. [18] 
revealed a dependence of cervical lordo-
sis only on the T1S value and kyphosis at 
the T5–T12 level.

For surgical management of early sco-
liosis using growth-friendly rods, Han 
et al. [19] draw attention to the great-
est effect on the cervical imbalance and, 
accordingly, on the critical changes in 
the C2–C7, cSVA and T1S values of the 
proximal adjacent kyphosis, excessive 
correction of thoracic kyphosis, and the 
T1S value, particularly.

It is significant that Lee et al. [20] in 
their review of many literature sources 
mentioned that most researchers pro-
vided comparable values of NT. Assum-
ing the constancy of this parameter, the 
authors provided an algorithm for select-

Table  2

Significance of differences in the NT parameter between lesion levels before and after surgical treatment  

(Dunn’s test with Holm adjustment p ≤ 0.025)

Levels Normal value Oc–C2  
before surgery

Oc–C2  
after surgery

C2–C6  
before surgery

C2–C6  
after surgery

C7–T1  
before surgery

C7–T1  
after surgery

Z = –3.1192
p = 0.0190

Z = 0.0092
p = 0.4963

Z = –1.1567
p = 1.0000

Z = –2.7781
p = 0.0519

Z = –2.9999
p = 0.0270

Z = –0.3755
p = 1.0000

C7–T1  
before surgery

Z = –2.5132
p = 0.1077

Z = 0.3086
p = 1.0000

Z = –0.8020
p = 1.0000

Z = –2.2597
p = 0.1907

Z = –2.4745
p = 0.1134

–

C2–C6  
after surgery

Z = 0.3517
p = 1.0000

Z = 2.2460
p = 0.1853

Z = 1.2640
p = 1.0000

Z = 0.2717
p = 1.0000

– –

C2–C6  
before surgery

Z = 0.0217
p = 0.9827

Z = 2.0807
p = 0.2435

Z = 1.0753
p = 1.0000

– – –

Oc–C2  
after surgery

Z = –1.1568
p = 1.0000

Z = 0.9636
p = 1.0000

– – – –

Oc–C2  
before surgery

Z = –2.2058
p = 0.1918

– – – – –

Normal 
value

Non-specific 
spondylitis 

before

Tuberculous 
spondylitis 

before

Tuberculous 
spondylitis 

after

Tumors 
before

Tumors 
after

Non-specific 
spondylitis 

after

Kruskal-Wallis test: χ2 = 22.935; p = 8e-0.4  
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Fig. 3
Changes in the NT parameter in destructive disease of various origin before and after 
surgical correction
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ing the level of corrective vertebrotomies 
for cervical spine deformities depending 
on the T1S value and the cervicothora-
cic junction condition; their own results 
revealed a statistically significant change 
in the TIA and T1S before and after sur-
gery, while maintaining the NT value at 
the pre-surgical state. They also speci-
fy possible options for compensation/
decompensation of cervical kyphosis due 
to the thoracic and lumbar spine.

Thus, it can be said that the analysis 
of the sagittal balance of the cervical 
spine in children and adolescents with 
different diseases is one of the less stud-

ied issues in present vertebrology. Our 
results only provide limited informa-
tion on one of the rare variants of such 
abnormality: destructive lesions of the 
cervical vertebrae.

Conclusion

Analysis of changes in the sagittal balance 
parameters of the cervical spine in chil-
dren with destructive processes reveals a 
level-related dependence: the Oc-C2 and 
CrT parameters changed more in case 
of suboccipital lesions, the Oc–C2 and  
C2–C7 – in case of subaxial lesions, 

and the C2–C7, C7S, T1S, TIA, NT, CeT, 
and CrT – in case of lesions of the 
cervicothoracic junction.

Dependence of changes in param-
eters on the number of affected verte-
brae was found, with the highest value 
observed in tuberculous spondylitis. At 
that, NT and cSVA were the most sensi-
tive parameters demonstrating statisti-
cally significant deviations from the nor-
mal values.

Further study of the issues of spinal 
biomechanics in abnormal conditions 
is required for better understanding of 
the changes and offering effective tech-
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Fig. 4
Change in the NT parameter with different extent of vertebral 
destruction before and after surgical correction 

Fig. 5
Change in the cSVA parameter with different extent of vertebral 
destruction before and after surgical correction

Table 5 

Change in parameters depending on the extent of destruction before and after surgical correction, Me (Q1–Q3)

Parameters Normal value Short destruction (up two vertebrae) Extensive destruction (three and more vertebrae)

before surgery after surgery before surgery after surgery

Oc–C2, 
degrees

–23.0 (–29.00  
to –18.00)

23.0 (–34.00  
to –15.25)

–23.0 (–29.00  
to –17.25)

–29.5 (–36.00  
to –21.50)

–21.0 (–25.00  
to –19.00)

C2–C7, 
degrees

–7.0 (–18.00–2.00) –6.0 (–13.50–1.25) –10.0 (–18.00–-1.50) –2.5 (–24.50–0.75) –21.5 (–26.50  
to –2.25)

C7S, degrees 24.0 (18.00–30.00) 20.5 (16.75–31.25) 25.0 (14.50–28.50) 31.0 (18.75–37.25) 24.0 (17.50–36.00)

T1S, degrees 28.0 (22.00–35.25) 24.0 (19.75–33.00) 28.0 (20.00–32.50) 35.5 (19.75–43.00) 29.5 (12.75–36.00)

TIA, degrees 69.5 (61.25–78.00) 68.0 (60.50–77.00) 66.5 (61.75–76.00) 90.5 (68.25–118.00) 74.0 (65.75–94.75)

NT, degrees 41.0 (36.00–46.00) 42.0 (38.00–48.00) 42.5 (35.50–45.00) 55.5 (48.50–64.00) 56.5 (45.00–62.75)

CeT, degrees 21.0 (14.00–24.00) 17.5 (12.50–22.25) 16.0 (12.00–20.50) 12.0 (2.00–30.25) 19.5 (0.75–26.50)

CrT, degrees 9.0 (6.00–12.00) 8.5 (4.75–13.50) 9.0 (4.00–13.00) 19.5 (7.00–21.50) 7.0 (2.50–16.00)

SCA, degrees 80.0 (74.00–86.00) 84.0 (75.00–89.00) 85.0 (80.00–90.00) 86.5 (84.00–95.25) 75.0 (68.00–86.50)

cSVA, mm 24.0 (17.00–32.00) 19.0 (13.50–23.75) 21.0 (12.50–27.00) 35.0 (17.75–38.00) 14.0 (7.75–24.50)
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niques of correction and restoration 
of the normal anatomy of the spinal 
segment.

The study had no sponsors. The authors declare 

that they have no conflict of interest.

The study was approved by the local ethics 

committees of the institutions.

All authors contributed significantly to the research 

and preparation of the article, read and approved 

the final version before publication.

Table 6

Significance of differences in the NT parameter between the normal condition and destructive processes of various extent before and after surgical 

treatment (Dunn’s test with Holm adjustment; p ≤ 0.025)

Extent of destruction Normal value Extensive destructions 
(n ≥ 3) before surgery

Extensive destructions 
(n ≥ 3) after surgery

Short destructions  
(n < 3) before surgery

Short destructions (n < 3) after surgery Z = –0.0393
p = 0.4843

Z = 2.6906
p = 0.0250

Z = 2.94078
p = 0.0147

Z = 0.7399
p = 0.6890

Short destructions (n < 3) before surgery Z = –0.9177
p = 0.7176

Z = 2.2813
p = 0.0563

Z = 2.4170
p = 0.0469

–

Extensive destructions (n ≥ 3)  
after surgery

Z = –3.2457
p = 0.0059

Z = 0.3915
p = 0.6954

– –

Extensive destructions (n ≥ 3)  
before surgery

Z = –2.8520
p = 0.0174

– – –

Table 7 

Significance of differences in the cSVA parameter between the normal value and destructive processes of various extent before and after surgical treatment 

(Mann–Whitney test, p < 0.05)

Extent of destruction Normal value Extensive destructions 
(n ≥ 3) before surgery

Extensive destructions 
(n ≥ 3) after surgery

Short destructions  
(n < 3) before surgery

Short destructions (n < 3) after surgery W = 1347.5
p = 0.0672

W = 125
p = 0.1428

W = 148
p = 0.3801

W = 362
p = 0.6511

Short destructions (n < 3) before surgery W = 1243
p = 0.0195

W = 109
p = 0.1401

W = 130
p = 0.4225

–

Extensive destructions (n ≥ 3)  
after surgery

W = 621
p = 0.0212

W = 54
p = 0.1002

– –

Extensive destructions (n ≥ 3)  
before surgery

W = 159.5
p = 0.2745

– – –
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