12 ORIGINAL PAPERS

DOI: 10.17816/PTORS4412-20

PATHOLOGICAL CHANGES OF THE CERVICAL SPINE
IN CHILDREN WITH CERVICAL PAIN SYNDROME

© N.Kh. Bakhteeva', T.A. Ionova?, V.N. Belonogov', S.P. Bazhanov? V.V. Ostrovskij?

I Saratov State Medical University n. a. V. I. Razumovsky, Saratov, Russia;
2 Saratov Scientific and Research Institute of Traumatology and Orthopedics, Saratov, Russia

For citation: Pediatric Traumatology, Orthopaedics and Reconstructive Surgery, 2016;4(4):12-20 Received: 22.08.2016
Accepted: 03.10.2016

Background. Interpretation of cervical pain syndrome in children is complicated, resulting in delayed diagnosis
of developmental juvenile osteochondrosis. Thus, updating the diagnostic methods of this pathology is particularly
important.

Aim. To improve methods of cervical spine diagnostics in children with cervical pain syndrome at the base of vertebral
and basilar arteries using duplex ultrasound.

Material and methods. The study cohort included 148 pediatric patients aged 4-18 years who were divided into two
groups: a treatment group of 108 children with cervical pain syndrome and a control group of 40 healthy children.
Clinical, radiological (ultrasound, X-ray, and MRI), and statistical methods were used for comparisons.

Results. Duplex ultrasound of 108 patients revealed pathological changes of qualitative and quantitative features
of C- or S-shaped, corner bend, mesh, excessive, and wave-shaped tortuosity deformities, as well as a reduction or
expanse in diameter of one or two of the spinal arteries (SAs). The absence of an influence of osseous cervical spine
structures on SAs was considered a sign of congenital genesis of SA deformity, while segmental instability of C,-C;,
and/or C;-C,, atlanto-axial subluxation, and a Kimmerle anomaly were considered signs of extravascular compression
of SAs. Regardless of the deformity genesis, blood flow was deficit in the vertebral basilar basin because of local
hemodynamic disorders at the site of the deformity, particularly in older children. MRI revealed signs of intervertebral
disc hypohydration at C,-C; and/or C;-C,.

Conclusion. Pathological changes in SAs of both congenital and acquired genesis resulted in hemodynamic disorders
in the vertebral basilar basin in children with cervical pain syndrome, particularly older children.

Keywords: children, cervical pain syndrome, cervical spine.
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Beegenne. Co)XHOCTb MHTEPIIpPETALNM [[ePBUKAIBHOIO GONEBOr0 CMHAPOMA y HeTell IMPUBOAUT K MO3HEN AMarHo-
CTMKe Pa3BMBAIOLIETOCS IOHOIIECKOTO OCTEOXOHAPO3a, B CBA3M C YeM OCOOYI0 3HAYMMOCTb IpHobpeTaeT MCIOIb30Ba-
Hll€ COBPEMEHHBIX MeTOJIOB AVATHOCTUKM JaHHOI ITaTOIOTUN.

ITenp mccnegoBaHusA: COBEPIIEHCTBOBAHME JMATHOCTUKY IATONIOTUM IIETHOTO OT/ie/la TIO3BOHOYHMKA Y JieTeil ¢ Iiep-
BMKA/IbHBIM 0OJIEBBIM CUH[IPOMOM Ha OCHOBE KOMIUIEKCA MHCTPYMEHTA/IbHBIX MCCIeLOBaHMI, BKIIOYAIONIETO TYIIEKC-
HO€ JICC/Ie[lOBAaHNe ITI03BOHOYHBIX ¥ OCHOBHOI apTepuIl.

Marepuan u metoppr. O6¢cenoBano 148 manyeHToB B BospacTe oT 4 fo 18 net, B ToM uncie 108 fmeTeit ¢ 1jepBUKaIb-
HBIM 0OJIEBBIM CMH[POMOM (OCHOBHas rpymia), 40 300poBbIX feTell (rpymma cpaBHeHUs). Vcromp3oBamyu KinHUYe-
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CKIfe, JTy4YeBble (PeHTTeHOTOIMYeCKIil, yIbTpa3ByKoBoil, MPT (MarHMTHO-pe3soHaHCHYI0 TOMOrpaduo)), cTaTUCTUYe-
CKHe METOZIbI MCCTIEeNOBAHVIA.

Pesynmbrathl. [Ipy ymmekcHOM MCCeOBaHNY TO3BOHOUHBIX aprepuit (ITA) y 108 maryeHTOB ObIIM BbIAB/ICHbI ATONIOTH-
YecKIe M3MEHEHMsT KaueCTBEHHBIX U KOJIMUeCTBEHHBIX XapaKTePUCTUK OIHOI WM ABYX apTepuit o tuiy C-, S-06pasHbIX
nedopmanyii, feopMalii B BIfie «YIIIOBOrO» M3I10a, «HeT/IN», <M30bITOYHOI», «BOTHOOOPA3HOI» M3BUTOCTH, @ TAKXKe
yMeHbllleHVe iy yBermndeHre guamerpa ITA. O BpoxkyieHHOM TeHese jedopmanuy ITA cBUIETeNbCTBOBAIO OTCYTCTBUE
BO3JIEICTBUSI Ha Hee KOCTHBIX CTPYKTYP IIEIHOTO OT/e/Ia TO3BOHOYHIKA, a Hamndre HecTabunpHOCTH cerMeHToB C,-C;,
C;-C,, pOTAIVIOHHOTO IIOABBbIBMXA aT/IaHTa, aHoMamvm KuMmeprie — 06 axcrpaBasanbHoit komupeccyn [TA. HesaBucumo
OT TreHesa JieopMaluy OTMEYaI0Ch HapyllleHne KPOBOTOKA B BepTeOpobasmIsApHOM bacceiiHe BCIEACTBYE JIOKAIbHbIX Te-
MOIMHAMUYECKIX PacCTPOICTB B 06/mactu nepopMarii, 0co6eHHO y feTeit crapiiero Bospacta. [TIpu MPT-uccnefoBannn
ObUIM BBIAB/ICHBI NIPY3HAKM TMIOTMAPATAINY MEKIIO3BOHKOBBIX JJICKOB 3aHTEPECOBAHHBIX CETMEHTOB.

3akmrovenne. Y feTell ¢ IepBUKAIBHBIM OO/IEBBIM CUHIPOMOM OTMEYAIOTCS IATONOTMYecKue usMeHeHMs ITA mpno6-
PETEHHOTO WM BPO>KIEHHOTO reHesa, IPUBOJALIIE K PACCTPOIICTBY TeMOIHAMUKI B BepTeOpo6asusipHOM OacceilHe.

KnroueBbie coBa: meTi, L{epBUKAIbHbI O0IEBOI CHMHAPOM, IIEHHBIN OTHEI [T03BOHOYHMKA.

Introduction

The prevalence of cervical pain in children
ranges from 5 to 72%, and its rate of occurrence
tends to increase [1, 2]. In most cases, the
complaints of discomfort in the neck, headaches,
and dizziness are considered by neurologists and
pediatricians as the manifestation of vegetovascular
dystonia. However, these symptoms can be caused
by functional and organic changes in the bone and
soft-tissue structures of the cervical spine [3-6]. The
increased incidence of cervical pain in children and
the simultaneous complexity of this interpretation
lead to late diagnosis of the developing juvenile
osteochondrosis, which decreases the patient’s
quality of life. In this regard, the use of modern
research methods to improve the diagnosis of
cervical spine diseases in children with cervical
pain syndrome acquires special significance [7-11].

The aim of this study was to increase the
accuracy of diagnosis of cervical spine diseases in
children with cervical pain syndrome, including
duplex ultrasound of the vertebral and basilar
arteries.

Material and methods

The study cohort included 148 pediatric
patients aged 4-18 years, of which 108 had cervical
pain syndrome (study group) and 40 were healthy
patients of the same age (control group). The
study cohort consisted of 59 boys and 49 girls.
Written informed consent for participation in the
study was voluntarily provided by patients or their
parents. The study was approved by the local ethics
committee of the Federal State Budgetary Institution
Saratov Research Institute of Traumatology and

Orthopedics of the Russian Federation Ministry of
Health (Protocol No. 5 dated 10/29/2009).

During the study the clinical, radiation
(ultrasound, X-ray, magnetic resonance
tomography), and the statistical research methods
were used.

Ultrasonography was performed on the
multi-function, high-class ultrasound scanner
Technos MPX manufactured by ISAOTE (Italy).
The qualitative (diameter, vascular geometry,
and the level of entry into the bony canal) and
quantitative characteristics of the vertebral artery
blood flow were determined (Vps: peak systolic
velocity of blood flow; Ved: end diastolic velocity
of blood flow; and RI, the resistance index).
The hemodynamic status of the vertebral artery
(VA) and basilar artery (BA) was represented by
the peak systolic velocity of blood flow. X-ray
of the cervical spine in the anteroposterior and
lateral views was performed using a digital X-ray
machine manufactured by Apelem (France).
According to the results of duplex ultrasound of
the cervical vessels, the necessity for transoral
(through the open mouth) X-ray of the cervical
spine and functional tests of maximum flexion
and extension of the neck was determined.
Magnetic resonance imaging (MRI) of the
cervical spine was performed to determine the
extent of damage to the intervertebral discs when
unstable vertebral-motor segments on functional
X-ray images were detected. This was performed
using a MRI scanner of the open-type Aperto
manufactured by Hitachi (Japan), with the
magnetic field strength of 0.4 T.

The numerical results were processed using
parametric variation statistics with significance
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determined by Student’s t tests. The results were
considered significant at p < 0.05.

Results and discussion

All patients had pain in the neck, headache, and
dizziness. During examination, we considered the
presence of the natural bend of the head, shoulder
girdle asymmetry, contouring, and tension of the
shoulder girdle and neck muscles, and painfulness
of the paravertebral points and spines of the cervical
vertebrae.

Duplex ultrasound of VA was performed in 108
patients with cervical pain. In 94 (87%) of the 108
patients, pathological changes of the qualitative and
quantitative characteristics of one or two VA were
found, which were used to divide all patients into
two groups. In the remaining 14 (13%) patients, the
ultrasound VA figures were within normal limits.
Considering the localization of pathological changes
of the blood vessels, subgroups were formed: a, V,
segment; b, V, segment; ¢, V; segment; d, V,-V,
segments; and e, combination of different segments

The distribution of pediatric patients by subgroups, deF
vertebral arteries and the tota

(Table 1). Subgroup e was excluded from the
analysis due to the diversity of localization variants.
In the bilateral process, the segmental levels of
lesion localization were distributed to the respective
subgroups for statistical analysis.

For a duplex study of the VA and BA in the
patients of the subgroup a, there was a statistically
significant decrease in Vps in segment V; to
0.28 £ 0.10 m/s (p < 0.003); this increased in
segment V, to 0.69 £ 0.21 m/s (p < 0.05). The rest
of the blood flow velocity indices in segments V,
and V, of the VA and BA did not differ from the
control group (Table 2).

During the X-ray examination of subgroup a,
the flattening of the cervical spine was detected
predominantly. The examination results revealed
that in subgroup a pediatric patients with S- and
C-shaped VA deformities in segment V, (subgroup
a), the said segment was not adjacent to the bone
structures of the corresponding lower cervical spine
(the vertebral level C,-C,), indicating a congenital
genesis of the VA deformities (Fig. 1 a, b).

Segment V, is localized in the bony canal formed

Table 1

ending on the level of unilateral or bilateral lesions of the
number of the affected segments

The groups of patients aged 4-18 (n = 94)
The number of affected segments
Subgroups With unilateral lesion of With bilateral lesion of the based on pathologic changes in the
the vertebral arteries vertebral arteries collateral vertebral artery
a 3 (3,2 %) 3 (3,2 %) 9
b 36 (38,3 %) 16 (17,0 %) 68
c 11(11,7 %) 5 (5,3 %) 21
d - 5 (5,3 %) 10
6 (6,4 %) 9 (9,6 %) -
Total 56 (59,6 %) 38 (40,4 %) -

Table 2

Blood flow velocity indices of the vertebral arteries and basilar artery in children with C- and S-shaped
deformities of the V, segment of the vertebral artery (n = 9; M £ m)

Blood flow Basilar
velocity Groups Segment V; Segment V, Segment V; Segment V, artery
v / control 0,38 + 0,05 0,39 + 0,05 0,43 + 0,05 0,78 £ 0,11 0,97 +£ 0,24
ps, mis subgroup a 028 £0,17* | 0,69 +021* | 053 +0,19 0,79 + 0,22 1,08 £ 0,33
Ved / control 0,12 = 0,06 0,14 = 0,04 0,18 = 0,05 0,34 + 0,07 0,47 £ 0,10
ed, mjs subgroup a 0,10 + 0,05 0,13+0,04 | 0,20 +0,07 0,37 + 0,14 0,51 + 0,16
RI control 0,68 = 0,09 0,66 = 0,08 0,63 = 0,06 0,50 = 0,06 0,50 + 0,04
subgroup a 0,67 = 0,08 0,65 + 0,06 0,65 + 0,07 0,53 + 0,06 0,52 + 0,06
Note: *p < 0.05; **p < 0.003 (the degree of significance is shown compared to the control group).
B Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 4. Issue 4. 2016
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b

Fig. 1. Patient K., 12 years old. Ultrasonogram of the congenital S-shaped deformity of segment V, of the vertebral artery
(a) and X-ray images of the cervical spine in the anteroposterior and lateral views (b). The cervical lordosis is flattened;
Kimmerle anomaly

by the neural spines of C,-C,. In the subgroup
b patients with VA deformities in the form of
C-tortuosity and an angular bend in segment V,,
ultrasound examination revealed an increase in
Vps in this segment to 0.69 £ 0.10 m/s (p < 0.01),
whereas blood flow velocity in the other segments
of VA and BA did not differ from the control group

(Table 3). X-ray examination at the VA deformity
level showed instability of segments C,-C; and
C;-C, of the cervical spine predominantly. During
the MRI examination, signs of intervertebral disc
hydropenia of the unstable segments was revealed.
The results of X-ray images and MRI of the cervical
spine confirmed extravasal VA compression due to

Table 3

Blood flow velocity of the vertebral arteries and basilar artery in children with C-shaped deformity and angular
bend of segment V, of the vertebral artery (n = 68; M = m)

Bl‘j)e?:)icﬂ;)’w Groups Segment V; Segment V, Segment V; Segment V, Basilar artery
Vps, m/s control 0,38 + 0,05 0,39 £ 0,05 0,43 £ 0,05 0,78 £ 0,11 0,97 £ 0,24
subgroup b 0,38 + 0,07 0,69 + 0,10% 0,53 £0,19 0,79 £0,22 1,08 £ 0,33
Ved, m/s control 0,12 £ 0,06 0,14 £ 0,04 0,18 £ 0,05 0,34 + 0,07 0,47 £ 0,10
subgroup b 0,11 + 0,05 0,15 £ 0,04 0,20 £ 0,07 0,37 £ 0,14 0,51 £ 0,16
RI control 0,68 + 0,09 0,66 £ 0,08 0,63 £ 0,06 0,50 £ 0,06 0,50 + 0,04
subgroup b 0,66 = 0,08 0,67 £ 0,06 0,65 £ 0,07 0,53 £ 0,06 0,52 + 0,06
Note: *p < 0.01 (the degree of significance is shown compared to the control group).
Table 4

Blood flow velocity of the vertebral arteries and basilar artery in children with excessive tortuosity of segment V,
of the vertebral artery (n = 11; M = m)

Blood flow .
velocity Groups Segment V; Segment V, Segment V; Segment V, | Basilar artery
Vps, m/s control 0,38 + 0,05 0,39 £ 0,05 0,43 + 0,05 0,78 + 0,11 0,97 £ 0,24
subgroup ¢ 0,39 = 0,07 0,51 £0,12 0,72 + 0,23% 0,63 + 0,23 1,02 £ 0,31
Ved, m/s control 0,12 £ 0,06 0,14 £ 0,04 0,18 = 0,05 0,34 £ 0,07 0,47 £ 0,10
subgroup ¢ 0,12 + 0,05 0,15 + 0,04 0,30 £ 0,07* 0,21 £ 0,04 0,53 £0,14
RI control 0,68 + 0,09 0,66 + 0,08 0,63 + 0,06 0,50 £ 0,06 0,50 + 0,04
subgroup ¢ 0,68 + 0,08 0,69 + 0,07 0,66 £ 0,09% 0,64 £ 0,09 0,55 + 0,06
Note: * p < 0.01 (the degree of significance is shown compared to the control group)
B Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 4. Issue 4. 2016
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Fig. 2. Patient M., 9 years old. Ultrasonogram of the acquired
deformity of vertebral artery segment V, on type of corner bending in
the projection of the vertebral-motor segment C;-C, of the cervical
spine (a); functional X-ray image of the cervical spine at maximum
flexion; the relationships of bone structures are not impaired (b);
functional X-ray image of the cervical spine at maximum extension;
dislocation of the C, vertebra posteriorly by 3.5 mm (c) is detected;
magnetic resonance tomography of the cervical spine; MRI signs of
intervertebral disc hydropenia of segments C,-C; and C;-C, (d) are
detected

Fig. 3. Patient B., 12 years old. Ultrasonogram of the acquired kinking deformity of the V; segment of vertebral artery

(a); X-ray images of the cervical spine through the open mouth revealed asymmetric position of the odontoid process of

C, relative to the lateral mass of the atlas (b); magnetic resonance tomography of the cervical spine showed MRI signs
of atlas rotary subluxation (c)
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the influence of bone structures (Fig. 2a, b, ¢, d).
The excessive tortuosity of the V; segment,
enveloping the first cervical vertebra, was
diagnosed by duplex study of 11 VAs. With this
form of VA deformity, there was an increase of
Vps to 0.72 £ 0.23 m/s (p < 0.002) in this segment,
an increase of Ved to 0.30 £ 0.07 m/s (p <0.01),
and increase of RI to 0.66 + 0.09 m/s (p < 0.005)
compared to the controls. The rest of the blood flow
velocities for segments V,, V,, and V, of VA and
BA did not differ from the control group (Table 4).

Loop-type deformities were found in 10 VAs. This
tortuosity of VA was accompanied by a significant
decrease in Vps of segment V; to 0.31 £ 0.13 m/s
(p <0.002), a decrease in Ved to 0.10 + 0.04 m/s
(p <0.03), and an increase in Vps of segment V,
to 1.17 £ 0.33 m/s (p <0.001). Ved increased to
0.55 +£0.07 m/s (p < 0.0006); Vps acceleration in
the BA increased to 1.45 + 0.34 m/s (p < 0.002);
and Ved increased to 0.70 £ 0.24 m/s (p < 0.0001).
Blood flow velocity of the segments V, and V, did
not differ from the control group (Table 5).

Table 5
Blood flow velocity of the vertebral arteries in children with loop deformity of arterial segment V5, (n = 10, M = m)

Blood flow Basilar
velocity Groups Segment V| | Segment V, | Segment V; | Segment V, artery

Vps, m/s control 0.38 £ 0.05 0.39 = 0.05 0.43 £ 0.05 0.78 £ 0.11 0.97 £ 0.24

subgroup ¢ 0.31 £ 0.06 0.48 £ 0.12 0.31 £0.13* | 1.17 £ 0.33* | 1.45 + 0.34*

Ved, m/s control 0.12 £ 0.06 0.14 £ 0.04 0.18 £ 0.05 0.34 £ 0.07 0.47 £ 0.10

subgroup ¢ 0.13 + 0.04 0.14 + 0.05 0.10 + 0.04* | 0.55 £ 0.06* | 0.53 + 0.14

RI control 0.68 = 0.09 0.66 = 0.08 0.63 = 0.06 0.50 = 0.06 0.50 * 0.04

subgroup ¢ 0.65 + 0.07 0.67 = 0.07 0.51 + 0.07 0.65 = 0.09 0.55 + 0.06

During the X-ray examination, the signs of
rotary subluxation of the atlas were revealed in
all patients of the subgroup b with excessive VA
tortuosity; in two patients, they were seen in
combination with Kimmerle anomaly. The data
obtained showed extravasal VA compression,
leading to malperfusion of the vertebral basilar
basin (Fig. 34, b, ¢).

Changes in arterial diameter were found in
children with VA lesions of the V,-V, segments
(subgroup d): the diameter on one side had been
reduced 2-fold, while on the other side, it had
increased 1.5-fold. Peak systolic blood flow velocity
was reduced by 51% in the hypoplastic artery and
increased by 32% in the dilated contralateral artery.

On X-ray examination, the malformations were
revealed (hypoplasia of the C, vertebral body and
synostosis of the articular and spinous processes of
C, and C; cervical vertebrae). On MRI, hypoplasia
of the C,~C; intervertebral disc and asymmetry of
the VA opening diameter were revealed. Thus, the
patients had congenital malformations of both soft
tissue and bony structures (Fig. 44, b, ¢, d).

It should be noted that the Vps changed for all
VA deformities, but the nature of these changes
over the vessel length had special characteristics. In

children with cervical pain syndrome, the values of
this index were similar to the control values for the
deformity region. With undulating and excessive
tortuosity of the artery and angular bend, an
increase in Vps is seen in C-, S- and loop-deformity,
which indicates a reduction in the value of this
index. Above the deformity region, a significant
increase in Vps is registered only in patients with
C-, S-, and loop-deformity of VA; in other patients,
Vps does not differ from the control group.

The results of X-ray examination showed
that 87% of cases of cervical pain syndrome in
these children were caused by the presence of
congenital or acquired VA deformities related to
the instability of vertebral-motor segments C,-C,
and C;-C,, congenital abnormalities, including
Kimmerle anomaly, synostosis of the articular and
spinous processes of C, and C;, hypoplasia of the
C¢ vertebral body and intervertebral disc C,-Cs,
hypertrophy of the transverse processes of the C,,
rotary subluxation of the atlas, and impairments of
the physiological bend of the cervical spine. MRI of
the cervical spine, performed after the radiologically
diagnosed instability of segments C,-C; and C;-
C,, and the extravasal compression of VA segment
V,, identified by dopplerography, revealed signs
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of hydropenia of the cervical spine intervertebral
discs, usually in children older than 7 years.

Thus, the features underlying the changes in
VA blood flow reflect the nature of the arterial
lesions and enable assessment of the congenital
or acquired genesis of their deformity. Thus, the
congenital genesis of segment V, deformity in the
form of C- and S-shaped VA deformities manifests
as Vps slowdown in segment V,; and acceleration
in segment V;. The congenital VA deformity in the
form of a loop-type for segment V5 manifests as a
decrease in Vps and Ved in this segment and an
increase in Vps and Ved in segment V, of the VA
and BA.

Acquired deformities in the form of an
undulating tortuosity and an angular bending in
segment V, were characterized by acceleration of

Fig. 4. Patient A., 7 years old. Ultrasonograms of the hypoplastic
right vertebral artery (a) and the dilated left contralateral vertebral
artery (b); X-ray images of the cervical spine in the anteroposterior
view and lateral view revealed hypoplasia of the intervertebral
disc of segment C,-C. and hypoplasia of the C, vertebral body
(c); magnetic resonance tomography of the cervical spine showed
asymmetry of the openings of the vertebral arteries (d)

Vps in this segment. The excessive tortuosity of
segment V,; was characterized by an increase in
Vps, Ved, and RI in this segment.

In the case of congenital VA hypoplasia for
segments V|-V, compensatory expansion of the
contralateral homonymous artery occurs.

Conclusions

1. A comprehensive study using radiation
methods of examination (duplex scanning of VA,
X-ray imaging, and MRI if necessary) for the
cervical spine in pediatric patients with cervical
pain syndrome enabled the determination that 87%
of cases were caused by congenital and acquired
changes in the bone and soft tissue structures of
the cervical spine.
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2. The results of duplex scanning of the VA in
cases of cervical pain syndrome are an indication
for special methods of X-ray imaging (functional
tests in the position of flexion and extension of
the neck and transoral X-ray imaging) to detect
instability of the vertebral-motor segments of the
cervical spine, congenital anomalies of vertebrae
development, rotary subluxation of the atlas, and
status of the intervertebral discs.

3. The intensity of hemodynamic disorders in
the cervical spine of pediatric patients depends on
the pathological process of localization in the VA.

4. In cases of complete congenital lesion of
all the VA segments on one side (hypoplasia), the
contralateral artery is always part of the pathological
process as that is where the compensatory dilatation
develops.
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