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MULTIFACTORIAL ANALYSIS
OF NEUROLOGICAL DETERIORATION IN CHILDREN
WITH SPINAL TRAUMA AFTER SURGICAL TREATMENT

Abstract. The article presents a multifactorial analysis of assessing the dynamics of neurological deficit in
pediatric patients with unstable complicated thoracic and thoracolumbar spine fractures. The effect of the terms of
surgery that has passed from the moment of injury, as well as the severity of the damage to the spinal cord and its
elements, has been studied in details. Magerl spinal fractures classification was implemented to evaluate the type of
spine fracture, neurological deterioration were evaluated according to the international ASIA scale.

Longest result follow-up period was 5 years after surgery. Surgical treatment of 36 patients at the age of 3 years
to 17 years with unstable thoracic and thoracolumbar spine fractures complicated by neurologic deficit were
performed.

Longest result was monitored for up to 5 years in all patients. It was in studies revealing that a full recovery of
neurological functions in children with complicated spinal fractures is noted during surgical treatment in the first
6-12 hours from the time of trauma, with the main cause of neurological deficit associated with compression of the
spinal cord.

Key words: spinal trauma, spine cord injury, ASIA, children, spine surgery.

Background. Traumatic injuries of the spine can be observed in 1% - 10% of all traumatic cases in
children reaching the rate from two to twenty per 1 000 000 [1]. In large central city each year more than a
thousand children get a spine fracture, about two to three percents are mechanically non-stable and has
neurological impact [2]. In an up to five percents of traumatized children cord is also damaged, but one
can say that SCI can be found with higher prevalence than initially was thought due to existence of reports
in literature about more frequent rate of cord injury [3].

Spinal cord deficit occur in these patients due to a lot of causes: significant displacement of the
fractured fragments, damage to the neural tissue after development of the traumatic stenosis. Resolution of
symptoms may depend on these primary factors and the surgical activity. Not necessary primary contusion
leads to the deficit development — it can also occur later due to vascular issues which are secondary to
persistent ischemia [4].

One of the most significant injury pattern can be observed in patients with thoracic fractures and
dislocations. This region is distinguished by its narrowness and lack of free space available for the cord [4]
and even non-significant canal compromise can lead to significant problems.

It is unclear whether or not the size of canal left intact plays a role in development of neurological
deficit. Sometimes gross compression of the conus leads to no deterioration at all. At the same time minor
(less than 1.0 cm) fragment dislocation and non-profound deformity in saggital plane can cause marked
neurological devastation [5].

One of the biggest issues discussed in literature is when to make surgery. It was shown by many
authors that “the sooner - the better”, but there are situations when surgical aggression can deteriorate a
patient. According to different authors different points of view on how long early post-injury is exist
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varying from four weeks [6] to first five days [7] or even 3 days [8, 9]. Many surgeons accept first 8 hours
as “golden hours” for surgery [10].

According to Vaccaro et al. [8] there was no any significant difference between patients with cervical
spine injury who were operated surgically either during first 3 days or five days post-injury. Relationship
between cord compression and function was studied by Wagner and Chehrazi in 44 patients with damage
of the subaxial cervical region [10] using such factors like value of stenosis and time to decompression. It
was shown that only stenosis played significant role in the course of neurological deterioration as both
groups of patients (those who were operated in first 8 hours or those — during first 2 days) showed the
same level post-operatively even after a year. Many experienced surgeons such as Fehlings et al. advocate
that neurologically compromised patient should have his operation as soon as possible and no longer than
a day after injury [11]. Although they agree that no universally accepted time limits exist.

Both interesting and controversial data was shown in the article of Bohlman and Anderson who
operated on patients as late as 9 years post injury [12]. There were 58 surgical procedures and 29 patients
became walkers again after being paralyzed. 9 people didn’t show any benefit. Controversy consists in the
fact which authors advocated in paper that those who showed improvement could show it without the fact
of surgery.

Group of Aganesov et al. strongly agree with the hypothesis that timing plays major role and early
decompression with fusion is a key to success [1].

Blood supply of the damaged segments also plays big role as it was experimentally shown that
3 hours of blood watershed leaded to irreversible cell death [13]. Soviet scientists and spine surgeon
Lutsik [14] could show that the most sensitive structures are anterior spinal artery and its branches. This
fact obviates the necessity for early surgical intervention to help free the injured cord. Another interesting
feature is that white and grey matter have different sensitivity to ischemia: later is more sensitive and the
aforementioned first one can last for four hours which gives an opportunity to restore function in terms of
early surgical intervention [15].

Objectives. To explore which factors affect the outcome in children with unstable complicated
thoracic and thoracolumbar spine fractures the most.

Materials and Methods: 36 patients (2/3 were boys and 1/3 were girls) at the age of 3 years to
17 years (with more than 75% older than 11 years) with unstable thoracic and thoracolumbar spine
fractures with neurological deterioration were surgically treated at the hospital with further evaluation of
neurological status.

Table 1 — Patient’s distribution according to age

Age 3 years - 7 years 7 years - 11 years 11 years - 17 years Total
Males 4 4 16 24 (66,7%)
Females - - 12 12 (33,3%)
Total 4 (11,1%) 4 (11,1%) 28 (77,8%) 36 (100%)

Motor vehicle accident was a leading cause for trauma in 19 (52.8%) patients followed by fall from
height in the rest 17 (47.2%) patients.

Evaluation of neurological deterioration was performed using ASIA score [16] - table 2 presents the
results. Type of fracture, amount of stenosis and type of medulla compression and its condition was
assessed with x-ray, CT scans and MRI.

Data present in table 2 shows distribution of those patients according to ASIA score: almost half of
them (16) were classified as A (complete injury), 14 — class B (sensory function preserved), 4 — class
C and 2 patients as class D. It should be noted that clinical picture of complete spinal cord injury was
observed in 12 patients who had injury at the thoracic area and in 4 patients with injured thoracolumbar
area.




Bulletin the National academy of sciences of the Republic of Kazakhstan

Table 2 — Patient’s distribution according to results of neurological assessment

ASIA class
Group Level of injury A B C D Total
I Thoracic 2 - _ _ o
Thoracolumbar - 6 _ _
I Thoracic — - _ _ .
Thoracolumbar 2 — - 2
Thoracic 2 — — _
1 Thoracolumbar — 2 4 _ 8
Thoracic 8 4 _ _
v Thoracolumbar 2 2 - - 16
Total Thoracic 12 4 - - 16
Thoracolumbar 4 10 4 2 20

Magerl spinal fracture classification [17] was implemented to evaluate the type of spine fracture.
Type A3 fractures were observed in 18 (50%) patients, type B — in two (5.6%) and type C in 16 (44.4%)
children. According to the level of injury data distributed in the next manner: thoracic area in 16 (44.4%)
patients, thoracolumbar area (Th10-L2) in 20 (55.6%) patients.

Surgical treatment for all patients consisted of procedure aimed to restore canal clearance and
stabilize injured segments: either only dorsal or combined approach was used with pedicle screw
instrumentation as a primary type of implants [2,3,4]. Patients with complete paraplegia (type A) were
operated from posterior approach to correct the deformity and stabilize an injured segment with metal
device and at the same surgical session anterior approach was performed to clear the canal and replace the
fractured vertebral body with Pyramesh filled with autologous bone. In fracture-dislocation injuries
surgical treatment was performed through the dorsal approach to restore the relationship between
segments, stabilize them in achieved position which all led to cord decompression on its own without the
necessity for anterior decompression. 360 degrees fusion was an obligate step of the procedure.

Despite controversial attitude to steroids in neurologically compromised patients in our clinic
NASICS — 1 protocol exists for treatment of such patients: steroid bolus (30mg/kg during first 6 hours)
with further supplementation using dosage of 5.4mg/kg per hour during next 23 hours was used. Post -
surgery patients continued to receive hormone therapy in the same dosage during two days.

After surgery all patients received physical rehabilitation including passive and possible active
exercises, muscle stretching and robotic — assisted kinesiotherapy.

Mean period of treatment of one patient was 24 days. After this period patients were discharged with
further recommendation of continuing physical rehabilitation.

During the research we analyzed an influence of different factors which could affect the patient’s
outcome after surgical treatment. Next criteria were used: level of injury, amount of canal compromise,
timing to surgery, ASIA scale.

Monitoring of the patient’s neurological status was performed daily during first postoperative week
and every 2-3 days after. After discharge patients were examined every 6 months with neurological
assessment provided and its results saved. Longest follow-up period was 5 years after surgery.

Results. Injury at the thoracic region were accompanied by neurological deterioration much more
often and more severe comparing to thoracolumbar. From 16 patients with trauma at that level 12 were
graded as class A (complete paraplegia) and 4 as class B (sensory function preserved) according to ASIA.
20 patients with thoracolumbar fracture varied in their level of deterioration from A to D, with 10 patients
having class B.

Great variance was observed in time past prior surgery: in some patients only few hours took place,
for some 1.5 years had passed. Based on that four clusters of patients were gathered and table 3 presents
these data: unfortunately only 8 patients were able to be surgically treated no longer than 12 hours post-
injury. Almost half of the patients were operated later than two weeks. All the rest were treated in terms of
0.5-3 days to 14 days.
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Table 3 — Patients distribution according to type and level of injury and timing to surgery

Type of injury Type A3 Type B Type C
Leyel of injury Thoracic Thoraco Thoracic Thoraco Thoracic Thoraco Total
Timing to surgery lumbar lumbar lumbar

First 6 — 12 hours after injury _ 6 _ _ 2 _ 8
(group I)
From 12 hours to 3 days _ P B _ _ 2 4
(group II)
From 3 days to 2 weeks
(group III) 7 4 ~ _ ? > ’
More than 2 weeks
(group 1V) 4 2 2 B 6 2 o
Total 4 14 2 - 10 6 36

Thus most of the patients were operated at intermediate and late trauma periods.
Surgical treatment allowed to achieve complete removal of the stenosis, clear the canal and stabilize
injured area in all patients (table 4).

Table 4 — Amount of stenosis before and after surgical treatment

o Amount of stenosis %
Groups Level of injury
Before surgery After surgery

I Thoracic min 90 - max 97 (93,5+£3,5) 0
Thoracolumbar min 73 - max 94 (83,7+6,7) 0

II Thoracolumbar min 42 - max 88 (65,0+22) 0
1 Thoracic min 96 - max 100 (98,0+2,0) 0
Thoracolumbar min 44 - max 82 (53,7£18,2) 0

v Thoracic min 18 - max 100 (63,8+18,7) 0
Thoracolumbar min 46 - max 73 (59,0+12,0) 0

In group I patients the amount of stenosis was markedly increased comparing to the rest groups: mean
93% for the thoracic and mean 84% for the thoracolumbar areas.

Neurological examination performed in early post-op period showed improvement of motor and
sensory (pain, light touch) function equivalent to 1-2 points according ASIA, pain sensation improved
faster.

In group I patients improvement of neurological function after surgical decompression occurred on
the 1-2 day after treatment, in group Il — on the 2-3 day, in group II — on the 5-7 day, in group 4 — after
4-5 months. The most rapid improvement was observed in patients from I group with ASIA class B treated
in first 6-12 hours after trauma.

Evaluation of the long-term results showed following data:

Group 1. 6 patients with incomplete spinal cord injury showed marked improvement especially in
sensory function: 3 children became class E and 3 more patients had an increase of pain and light touch
sensation for a mean of 18 points from the baseline. Their motor function improved for a mean of
26 points from the baseline. In the long-term follow-up (5 years) after surgical treatment patients from this
group were assessed as 71 points (50 — 100) in motor function and 85 points (54-112) in sensory function.
Four of these became ambulatory and two patients were able for assistance walking. In two patients
classified as ASIA - A after trauma no improvement occurred. They remained paraplegic and had bladder
and bowel incontinence.

Group II. Complete restoration of neurological function was observed in 2 patients with class
D according ASIA at the baseline. In two more patients with class A no improvement occurred. In the
long-term follow-up period mean motor function scores were 73 (50 — 97) points and mean sensory
function scores were 95 (78-112) points.

Group III. In four out of eight patients there was an improvement observed as a restoration from class
C to class D, and two patients improved from class B to class D. In 2 patients with class A neurologic
deterioration no improvement was observed after surgery. In the long-term follow - up motor function
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scores were in mean of 77 (50-93) points, and sensory function scored with a mean of 91 (38-107) points.
Mean increase in sensory function score was 10 (6-15) points and in motor function 19 (0-34) points.
After 4-5 years of observation no further improvements were observed.

Group IV. In patients with incomplete spinal cord injury improvements were also observed but with a
lower rate. Six out of 16 patients from this group with baseline class B according ASIA improved to class
C in 2-3 years after surgery. In 10 patients with class A there was no improvement observed. Mean motor
function score was evaluated as 59 (50-82) points and sensory function as 67 (24-84) points.

Special attention should be paid to 16 patients with class A neurologic injury. Regardless timing to
surgery none of these children improved their function. There was only slight and very slow restoration in
2-3 years after surgery but not more than on 5-8 points from the baseline.

Discussion. Our results shows that injury at the thoracic region were accompanied by much more
pronounced neurological deficit probably due to the fact that this region same as cervical spine is
distinguished by less reserve space available for the spinal cord in situation when canal compromise by
fractured fragment is present. We couldn’t observe this in patients with thoracolumbar fractures.

Another fact which was shown in our study is relationship between time passed prior to surgery and
the end result. Literally “the sooner — the better”: when surgery took place early, much faster resolution of
symptoms and recovery of neurologic deficit occurred. Unfortunately the same couldn’t be applied to
patients with complete loss of motor and sensory function — those graded A score according ASIA: there
were no resolution of their neurologic deficit except some tendency for improvement of sensory function.

It should be noted that for those patients who were surgically treated during first 12 hours stenosis of
the cord was significantly more pronounced: up to 97% at the thoracic spine and almost 90% at the
thoracolumbar area. Those patients with A score according ASIA (n=2) had injury in the thoracic region
with marked stenosis and no improvement.

Patients graded class B (n=6) showed better benefit from early surgery rather than those treated late:
improvement of cord functions was observed during first days after surgery. Canal compromise was the
main reason for this and early removal of fractured fragments led to restoration of function prevention of
further edema, vascular disturbances and secondary cord injury.

Significantly less amount of traumatic stenosis in patients from second group was accompanied by
less pronounced neurological deficit. Only two patients were classified as A and two classified as
D according ASIA.

Two patients graded A according ASIA showed no improvement after surgery due to the significant
compression of the cord (8§7% mean) as a primary traumatic factor.

Two kids with D level of injury showed benefit even though were surgically treated later than usually
necessary. But it should be mentioned that speed of their restoration was not as high as in first group.
Probably class D played the major role same as the level of injury (thoracolumbar) — both of these are
prognostic positive for the patients.

Patients treated as long as two weeks after trauma according to CT evaluation had distinct size of
stenosis at thoracic (up to 100%) and thoracolumbar (approx. 54%) areas — later was the least amongst all
patients who took part in this study. These patients showed following distribution according to the type of
neurologic injury: ASIA - A in 2 patients, ASIA - B in 2 patients and ASIA - C in 4 patients. Absence of
neurological improvement same as aforementioned amount of class A and B patients in this group can be
connected to the fact of delay for the surgical procedure. Provided later than in first and second groups
surgical treatment led to improvement of neurologic deficit in patients with class B (2 patients) and
C (4 patients) but began later (5-7 post-op day) and with lower rate. There were no improvement in
neurological function 5 years after surgery despite the fact of surgery in D graded patients.

Patients who treated late had the least marked cord stenosis from all of the groups both at the thoracic
(63%) and thoracolumbar (60%). Interestingly those patients despite the fact of less canal compromise had
very marked neurological deficit: 10 patients graded as A (complete loss of function) and 6 graded as
B (sensory function preserved). This made us to conclude that primary damage to the cord and secondary
changes which took place in later period were responsible for this phenomenon. Mostly due to this
secondary changes which passed the phase of active resolution surgical treatment aimed to restore the
alignment and stabilize the segment was ineffective.

— 20 ——
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Unfortunately no patients graded A according ASIA showed any benefit mostly due to the fact of
severe spinal cord injury. Very insignificant improvement of sensation with limits can be probably
explained by child’s nerve tissue ability to regenerate in some manner.

Conclusion. Particular study confirmed the commonly accepted thesis that thoracic region is most
vulnerable for the development of neurological deficit in trauma patients. Another significant factor which
influenced on the clinical picture was percentage of traumatic stenosis. One of the biggest issues in
treatment of these patients is time passed between trauma and surgery — it can be logistically very difficult
to follow the rule of performing decompression no later than 12 hours but this is crucial for restoration of
neurological status. Early and adequate decompression of the cord and its roots may allow a patient to get
better recovery and stabilization of an injured segment using pedicle instrumentation creates an ability to
mobilize patient early and provide more effective rehabilitation.

H. JI. Batnenos', A. T. Banﬂuypamnnﬂﬂz, C. B. Buccapuonos?, C. C. AGgaanes’

'TpaBMaToNOTHs %oHE OPTONEIMs FHLIBIMU-3epTTey HHCTHTYTHI, Hyp-Cyurran, Kaszakcras;
°T". U. TypHep aThIHAAFbI GaTanap TPaBMaTONOTHSICHI sKoHe opToneauschiabie ¥M30, Cankt-Iletepbypr, Peceit

XUPYPIUSJIBIK EMJIEYJIEH KEMIH OMBIPTKACHI 3AKBIMJIAHFAH
BAJIAJIAPJJAT'BI HEBPOJIOT'UAJIBIK BY3bL1Y bl KOII®AKTOPJIBI TAJIIAY

JKympIcTa OMBIPTKAa OaraHBIHBIH Key/e jKoHE KeyJle-0en OeiriHiH OMBIPTKAJIBIK-KYJIBIHIBIK JKapakaTbl Oap
6aﬂanap£la HEBPOJIOTUAJIBIK TalllObUIBIKTBIH JWHAaMHUKAaCbIH 6afaﬂayubu{ Kol bIKNAJAbI TajJldaybl YCbIHbIJIAJbI.
JKapakar ke3iHeH OacTar )KYpri3iireH onepalusuibiK apaiacyjap Mep3iMIepiHiH ocepi, COHAN-aK KYJIbIH MEH OHBIH
9JIEMEHTTEPiHIH OY3bUTy aybIpJBIFBI JkeTe 3epaeienai. OMbIpTKa OaraHbl CYHEriHIH 3aKbIMIaHYJapblH Oaranay
MakcateiHa Magerl sxikTemeci naianaHbUIIbBl, HEBPOJOTHSUIBIK Oy3buibicTap ASIA XanblKapajblK MIKajJachblHa
colikec OarayiaH/Ibl.

OmBIpTKa OaraHBIHBIH KeyJe jkKoHe Oenl OeiKTepiHiH TYpaKChI3 acKbIHFaH CHIHYJIAaphl Oap Oanamapmarsl HEBPO-
JIOTHSUTBIK, ©3TepiCTepiHiH AMHAMHUKACHIHA dPTYPIIi (paKTOpIapBeIHBIH 9cepiH Oaranay- OCHI JKYMBICTBIH MaKCAaTHL.

OpTypai Iopexene HEBPOJIOTHSUIBIK OY3BUIBICTAPMEH ACKBIHFAH OMBIPTKA OaraHBIHBIH KeyJe JKOoHe Keyzae-0emn
OeunikTepiHiH chiHyNapbl 0ap 3-TeH 17 jkacka AediHri 36 MalMeHTTI XUPYPrUsUIbIK eMJIEYAIH HOTHKEIepiHe Tajnay
xyprizingi. Hotmxenepni Oaranay YIIIH TOJIBIK HEBPOJIOTHSIIBIK Oaranayibl, peHTIeHOrpadusUIbIK eJimeMIepii,
komrbtoTepitik Tomorpadusiabl (KT) sxoHe mMarHuTTI-pe3oHaHCTHIK ToMorpadusuel (MPT) KockaHaa, KIMHHUKAJIBIK
3epTTey dJicTepi maiaaaaHbUIIbL.

OMBIPTKAa KaHAIBIHBIH CTEHO3 CAaHBIH a3aiiTy, OMBIPTKAa OaraHbl CErMEHTTEPIHIH TY3eNyiH KajlblHA KEITipy
JKOHE 3aKbIMAAIFaH allMaKThl TYPAKTAHIBIPY YIIIH OapJIbIK MAIMEHTTEpre XUPYPrHUsUIbIK eM XKYpri3uiai. 36 nanueHt
ilriHeH § MalMeHTKe jkapakaTTaH KeliH 12 caraTTaH KellikTipMen oneparus sxacansl. [lareHTTep i KapThichiHa
JKYBIFBIHA €K1 anTa 6TKeH COH onepatust xacanabl. Kanrannapst 0,5-3 kyHHeH 14 kyHre geiinri Mep3iMie emenmi.

OTKi3iNreH 3epTTey KeyAe OeliriHme OKIIaylaHFaH jKapakarrapia €H ayblp HEBPOJOTHSUIBIK TAaIIIBLUTBIK,
OonranblH KepcerTi. Keyme OemiriHmeri 3akpIMIaHynapnaa Keyae-Oen OemiriMeH CaiubICTBIpFaHa HEBPOJOTHSIIBIK
Hamapiay enodyip »wui OonraHbl Oalikanmel. Ochl AeHrenzmeri xapakaTel Oap manueHTTepniH 16-man 12-i ASIA
coiikec, A Kiacel peTiHzae (TOJBIK maparieris) xkoHe 4-1 B xmacer petinne (ce3y QyHKIUSHBIH CAKTaTybl) KIKTENI.
XapakaTTsIH IeHreii FaHa eMec, KaHaJIbIH 3aKbIMIaHy JOpeKeci MeH KapaKaT IeH JeKOMIPECcCHsFa JICHiHT Ke3eHi
JIe €eMHIH COHFbI HOTI)KECIHE KAaTThl acep ereli. [-TonTarsl ManueHTTepAe HEBPOIOTHAIBIK (DYHKIUSIHBIH JKaKCapysl
XMPYPrHsUIBIK JIeKOMIpeccusiial Kedin 1-2 Toymik emuereH coH, ll-ronra — 2-3 rtoymik, III-tonta - 5-7 Toyuik,
IV tonta — 4-5 aii eTkeH coH 0oibl. JKarmaipIlH €H Te3 )KaKkcapysbl JKapakaTTaH KediH 6-12 carar imiHie eM anraH
ASIA cotikec B kmactsl [-TonTarsl nanueHTTepAe OalKasIbL.

bip mamuwenTTi emzeyniH oprama Mep3iMi 24 KyHAI Kypazapl. [lalMeHTTIH HEBPOJIOTHSJIBIK MopTEOEciHiH
MOHUTOPHHTICI KYH CalbIH OllepanusiiaH KeHiHri OipiHIi anTa inrHae )koHe oJjaH KeiiH op 2-3 KYH caifblH o TKi3ii.
[IsrrapbutFrad COH MAIMEHTTEP HEBPOJIOTHSIIBIK Oarachl YCHIHBITYBIMEH JKOHE HOTIDKENIEPAIH CaKTalybIMeH op 6 ai
caifplH Kapam-tekcepinmi. Onepamusinal KeifiHri eH y3ak Oakpuiay Ke3eHi 5 KpUl. BakpuTaynblH anbpic Ke3eHiHIe
(5 >KBUT) XUPYPTUSIIBIK eMIIeyeH KeHiH 1-TONTaFrsl MarueHTTep Ko3Faibic GyHKIHsIapsel OoiibiHIIa 71 OGanra skoHe
ce3y ¢yHKOusACH OoiibrHIIa 85 Ganra OGaramanapl. II-TonTarsl MarEeHTTEpAE KO3FAYBIITHIK (YHKIIUSHBIH OpTamia
KepceTkimTepi 73 6anabl Kypamsl, ce3y (YHKIMACBIHBIH opTama kepcerkimrTepi 95 Gamn. Ill-ronmrarsl mammeHt-
TEPIiH KO3FaybIUTHIK (DYHKIUICHIH Oaranay/blH ajiblc Ke3eHiHae opTaina 77 Gamjbl, cedy (QyHKUHMACH opTaria
91 6annel kepcerti. IV TonTa KO3FaybIITHIK (DYHKIMSICHIHBIH opTalia 0anbl -59, ce3y ¢yHkuusicel — 67 Oanra Oara-
JIaHJbI.
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OMBIpTKa OaraHBIHBIH ACKBIHFaH CBHIHYJApbIMEH Oanajapia HEeBPOJOTMSUIBIK (yHKIHMSCHIHBIH TOJBIKKAHIBI
KaJIIIbIHA KeITyl 3aKbIMIAIFaH Ke3iHeH OipinmIi 6-12 caraTra XUPYPTUSUIBIK €M KYpPri3ireHae OaiKanaTeIHBI 3epTTey
OapeICBHIHA AHBIKTANABI, OYJI peTTe, HEBPOJOTHSUIBIK TAIMIBUIBIKTHIH HETi3ri ce0ebi JKYJIBIHHBIH KBICBUTYBIMEH
6alinaHbICTHI.

OMbIpTKa OaraHBIHBIH Keyle oHe Oen OeiKTepiHIH acKbIHFaH TYPAKChI3 CHIHYJIAPBIMEH MEAUATPHSIIBIK
MAlMEHTTEeP/Ie COHFbI HOTKEJIEPre eoyip ocep eTETiH Herisri akropiap: ®apakar ACHreill, KaHaIIbIH KOMIIPOMe-
TalMsl 19PEXKEC, JKYJIBIHHBIH JEKOMITPECCHUSChIHA ACHIHT] YaKbIT.

Tyiiin ce3mep: oMbIpTKa OaraHBIHBIH JKapakaTbl, JKYJIBIHHBIH 3akbiMAaidybl, A3US, Oamamap, oMbIpTKa
OaraHBIHBIH XUPYPrHACHL.

H. JI. Batnenos', A. T. Banﬂuypamsnﬂﬂz, C. B. Buccapuonos?, C. C. AGgaanes’

'"HayuHo-Hccie10BaTenbCKMit HHCTHTYT TPaBMATOI0rHK 1 opronenuu, Hyp-Cyntan, Kasaxcran;
*HMML] netckoii TpaBmaronoruu u oproneanu um. I'. U. Typuepa, Caukr-IlerepGypr, Poccus

MHOI'O®AKTOPHBIN AHAJIN3 HEBPOJIOTMYECKUX HAPYIIEHUM Y JIETEH
C TPABMOM NO3BOHOYHUKA MOCJE XUPYPITHUECKOI'O JIEUEHUA

B paborte mnpezacraBieH MyJIbTH(QAKTOPHBIAH aHAIM3 OLCHKH JIMHAMHKH HEBPOJIOTHYECKOTOo aeduiura y
MAIMEHTOB JETCKOr0 BO3pacTa ¢ MO3BOHOYHO-CIIMHHOMO3IOBOM TPaBMOM IpYIHOTO M I'PYJONOSCHUYHOTO OTAEIOB
MO3BOHOYHMKA. J[eTaJbHO H3yYeHO BIMSHUE CPOKOB OIEPATHBHOIO BMEIIATENIHCTBA, NPOIIEANIMX OT MOMEHTA
TPaBMBI, & TAK)KE TSHDKECTH CaMOTO HMOBPEXKICHUSI CHMHHOTO MO3ra M ero »jaeMeHTOB. C LeNblo OLIEHKH KOCTHBIX
MOBPEX/ICHUH TTO3BOHOYHMKA HCIIOJIB30BAIM Kilaccudukanuio Magerl, HeBponornueckue HapylIeHHs OLEHHBAIN
COTJIaCHO MeXIyHapoaHou mkane ASIA.

Henpro maHHO# pabOTHI OBLTO OIEHKA BIUSHUS Pa3IHYHBIX (DAKTOPOB HA JMHAMHUKY HEBPOJIOTHYECKIX M3MEHE-
HUH y IeTei ¢ HecTaOMIIBHO OCIIOKHEHHBIMH TIEpeIOMaMHU TPYIHOTO B MOSCHUYHOTO OTEIIOB ITO3BOHOYHHUKA.

[IpoBeneH aHamm3 pe3yJabTATOB XUPYPTHUECKOro JiedeHUs 36 manueHToB B Bo3pacte oT 3 go 17 mer ¢
MepeIoMaMy TPYAHOTO OT/ENa IMO3BOHOYHOTO CTOJI0A W TPYIONOSICHUYHOTO IEePeX0/1a, OCI0KHEHHBIX HEBPOJIOTH-
YeCKHMMH HApYyUICHUSMH Pa3IMYHON CTENEeHH BBIPAKEHHOCTH. VCTIONb30BaHBI METOIBI KIMHUYECKOTO HCCIEI0Ba-
HUS, BKIIOYAs MOJHYK HEBPOJOTHYECKYIO OILICHKY, PEHTreHOrpaduuecKue M3MEPCHHs, KOMITBIOTEPHYI0 TOMOTrpa-
¢uro (KT) u maranTHO-pe3oHaHcHY0 ToMorpaduio (MPT) 1uist OLleHKH pe3ysIbTaToB.

Bce manueHTsl ObUTH MOABEPrHYTHI XUPYPrHYECKOMY JIEYEHHIO, YTOObI YMEHBIIUTH KOJMYECTBO CTEHO30B
MIO3BOHOYHOTO KaHalla, BOCCTAHOBUTh BBIPABHMBAHUE CETMEHTOB ITO3BOHOYHMKA W CTaOMIIM3MPOBATH MOBPEXKIICH-
Hylo obnacte. V3 36 maumeHToB 8 manmeHTOB OBUIM IPOOIEPHPOBAHBI HE IO3JHEE, 4yeM 4depe3 12 yacoB mocie
TpaBMbl. [10YTH HIOJIOBHMHA MMAIIMEHTOB OBLIM ONIEPUPOBAHBI ITO3KE, YEM Uepes3 JBe Henelld. Bee octanbHble Jeurich
B cpoku oT 0,5-3 mHeit mo 14 nHeit.

[IpoBeneHHOE HCCIEIOBAHUE MTOKA3AI0, YTO HAHOOJIeEe THKEIBI HEBPOJIOTHUECKUH JEPUIIUT COMPOBOXKIAIICS
TpaBMaMH, JIOKATM30BaHHBIMH B TPYTHOM OT/ele. [IoBpekIeHns B TPYIHOM OTIeJe 3HAYATEIFHO Yallle COTPOBOXK-
JTAJTMCh HEBPOJIOTMYECKUM yXYIIIEHHEM 0 CPaBHEHHIO C TPYAHBIM MOSICHUYHBIM. M3 16 mammeHToB ¢ TpaBMOil Ha
3ToM ypoBHe 12 ObuIM Kiaccu(DUIMPOBaHBI Kak Kiacc A (mojHas maparuierusi) U 4 kak kinacc B (coxpaneHHas
ceHcopHasi QyHkuusi) cornacHo ASIA. He Tonbko ypoBeHb caMoOil TpaBMbl, HO W CTEIE€Hb NMOPAXEHUsI KaHaja U
nepuon, npomeﬂmuﬁ OT TpaBMbl 0 ACEKOMIIPECCHUM, OKA3bIBAKOT CHUJIBHOC BJIMAHWUEC Ha KOHEYHBIN pe3ysibTart
neyeHus. Y TalUeHTOB | rpymnnbl yiaydiieHHe HEBPOJIOTHUECKON (YHKIMH IMOCIE XUPYPTUUECKOH JEKOMIIPECCHH
npousouuio Ha 1-2 cyTku nocine nedenus, Bo Il rpynne - Ha 2-3 cytky, Bo Il rpynne - Ha 5-7 cyTku, B IV rpynmne -
nocne 4-5 mecsiueB. HanbGonee OvicTpoe ynydnieHne HaOronanoch y manuenToB u3 | rpynmsr ¢ ASIA xiacca B,
MOJTy4YaBIINX JICYEHHE B TEUECHUHU 6-12 4acoB 1ocie TpaBMEl.

CpenHuii CpoK JIe4eHHS OJHOTO MalMeHTa CcOCTaBMN 24 nHA. MOHHTOPHMHT HEBPOJOTHYECKOTO CTaTyca
MAIFEeHTa IPOBOAMJIICS €KECTHEBHO B TCUCHHE MIEPBOH IMOCIEONEPaIlMOHHON Helen U Kaxkasle 2-3 aast mocie. [locne
BBIIACKHA TAITUEHTH OCMATPUBAIINCH KaXIbIe 6 MECSIEB C MPEIOCTaBICHHEM HEBPOJIOTUIECKON OIIEHKU U COXpaHe-
HUEeM pe3yibTaroB. CaMbIii JIUTENBHBIM NEepro HAOMIOACHHUS IOCIE OMepaluy COCTaBWI 5 JeT. B ormaneHHOM
neproe HaOmoaeHu (5 JeT) mociie XUPypriadecKoro JIeUeHNs TaueHTs! U3 | rpymiel oneHnBanuch kKak 71 6amt mo
naBurarenbHold (yHKiuM U 85 OaJuloB MO ceHCOopHO# (yHkumu. Y manueHtoB Il rpynmbl cpeaHue mnokaszarenu
MOTOpPHOW (YHKIIMM COCTaBJISLIM 73 OajUloB, a CpPEeIHHE IMOKAa3aTeld CEHCOpHOW GyHKuuu - 95 OawioB. B
OTJaJICHHOM IIEpHO/JIe OLIEHKH MOTOpHOHU (yHKIMHK nauuenTos I11 rpynmel Obutn B cpeHeM 77 0aiuioB, a CEHCOpHas
¢ynkuys - B cpeaneM 91 6amtos. B IV rpynme cpennuii 06ani MOTOpHO# (yHKIMH OLeHHBANCS Kak 59 Oaiios, a
ceHcopHas GyHKIus - 67 0aoB.

B xoze uccnenoBaHus yCTaHOBIIEHO, YTO MOJHOILIEHHOE BOCCTAHOBJIEHHE HEBPOJOTHYeCKNX (pyHKIMM y nereit
C OCJIO)KHEHHBIMH TIepeJIOMaMH MTO3BOHOYHHMKA OTMEYAETCS MPH BBIIOJHEHUH XUPYPrHYECKOTro JICYEHHs B IEpBbIC
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6-12 gacoB OT MOMEHTa MOBPEXKICHHS, TP 3TOM, OCHOBHAS NPUYMHA HEBPOJOTHYECKOTO Ae(UINTa CBS3aHA CO
CHaBIICHHEM CITHHHOTO MO3Ta.

OcHOBHBIE (aKTOPHI OKAa3HIBAIOIIHE CYIIECTBCHHOE BIHMSIHHE HAa KOHEYHBIA PE3YNbTaT Y IMEAHaTPHYCCKIX
MAIEHTOB C OCI0XHEHHBIMU HECTAOMIEHBIMA TIEPEIIOMAMH TPYIHOTO U MOSICHUYHOTO OT/IEJIOB II03BOHOYHHKA: yPO-
BEHB TPaBMBI, CTEIICHb KOMIIPOMETAIINN KaHajla, BpeMsI 10 AEKOMIPECCHU CITMHHOTO MO3Ta.

KiloueBble ci1oBa: TpaBMa IIO3BOHOYHHKA, IOBpEXAeHHE cmmHHOro wmosra, A3US, neru, xupyprus
[MO3BOHOYHUKA.

Information about authors:

Batpenov N.D., Doctor of Medical Sciences, Professor, Corresponding Member of the National Academy of
Science of the Republic of Kazakhstan, Director of the Research Institute of Traumatology and Orthopedics;
niitokz@mail.ru; https://orcid.org/0000-0001-5607-3397

Baindurashvili A.G., MD, PhD, D.Sc., Professor, Member Of RAS, Director of The Turner Scientific Research
Institute for Children’s Orthopedics, Saint Petersburg, Russia; info@rosturner.ru; https://orcid.org/0000-0001-8123-
6944

Vissarionov S.V., MD, PhD, Professor, orthopedic and trauma surgeon, Deputy Director for research and
academic affairs, Corresponding Member of RAS; vissarionovs@gmail.com; https://orcid.org/0000-0003-4235-5048

Abdaliyev S.S., Scientific Research Institute of Traumatology and Orthopedy of the Ministry of Healthcare of
Republic of Kazakhstan, Nur-Sultan, Kazakhstan; abdaliev73@mail.ru; https://orcid.org/0000-0001-7439-141X

REFERENCES

[1] Aganesov A.G., Meshi K.T., Nikolaev A.P., Kostiv E.P. (2003) Surgical management of complicated spinal trauma in
acute period [Hirurgicheskoe lechenie oslozhnennoj travmy pozvonochnika v ostrom periode] // Priorov traumatology and
orthopedics journal [Vestnik travmatologii i ortopedii im. N.N. Priorova]. Vol. 3. P. 48-52.

[2] Vissarionov S.V. (2010) Stable and unstable injuries of the thoracic and thoracolumbar spine in children [Stabilnye i
nestabilnye povrezhdenija grudnogo i pojasnichnogo otdelov pozvonochnika u detej (klinika, diagnostika, lechenie)]. Sankt-
Peterburg.

[3] Vissarionov S.V., Belyanchikov S.M. (2010) Surgical treatment in children with complicated thoracic and
thoracolumbar spine fractures [Operativnoe lechenie DETEJ S oslozhnennymi perelomami pozvonkov grudnoj i pojasnichnoj
lokalizacii] // Traumatology and Orthopedics of Russia [Travmatologija i ortopedija Rossii]. Vol. 2 (56). P. 48-50.
https://doi.org/10.21823/2311-2905-2010-0-2-48-50

[4] Vissarionov S.V., Drozdetsky A.P., Kokushin D.N., Belyanchikov S.M. (2011) Surgical treatment of a patient with
fracture-dislocation in the thoracic region [Operativnoe lechenie pacientki s perelomovyvihom v grudnom otdele pozvonochnika]
/I Spine surgery [Hirurgija pozvonochnika]. Vol. 3. P. 21-25.

[5] Polischuk N.E. et al. (2001) Spine and spinal cord injury [Povrezhdenija pozvonochnika i spinnogo mozga]. Kiev.

[6] Kornilov N.V., Usikov V.D. (2000) Injuries of the spine. Surgical management [Povrezhdenija pozvonochnika. Taktika
hirurgicheskogo lechenija]. Saint-Petersburg. ISBN: 5-93-559-013-1

[7] Asawma T., Satomi K., et al. (1996) Management of patients with an incomplete cervical spinal cord injury // Spinal
Cord. Vol. 34, N 10. P. 620-625.

[8] Farmer J., Vaccaro A., Albert T.J. et al. (1998) Neurologic deterioration after cervical spinal cord injury // J. Spinal
Disord. Vol. 11, N 3. P. 192-196.

[9] Vaccaro A.R., Daugherty R.J., Sheehan T.P. et al. (1997) Neurologic outcome of early versus late surgery for cervical
spinal cord injury // Spine. Vol. 22, N 22. P. 2609-2613.

[10] Mirza S.K., Krengel W.F., Chapman J.R. et al. (1999) Early versus delayed surgery for acute cervical spinal cord injury
// Clin. Orthop. N 359. P. 104-114.

[11] Wagner F.C. Jr., Chehrati B. (1982) Early decompression and neurological outcome in acute cervical spinal cord
injuries // J. Neurosurg. Vol. 56. P. 699-705.

[12] Fehlings M.G., Sekhton L.H., Tator C. (2001) The role and timing of decompression in acute spinal cord injury: what
do we know? What should we do? // Spine. Vol. 26. N 24. P. S101-S110.

[13] Bohlman H.H., Anderson P.A. (1992) Anterior decompression and arthrodesis of the cervical spine: long-term motor
improvement. Part [--Improvement in incomplete traumatic quadriparesis // J. Bone Jt Surg. Vol. 74, N 5. P. 671-682.

[14] Carlson G. D., Minato Y., Okava A. et al. (1997) Early time-dependent decompression for spinal cord injury: vascular
mechanisms of recovery // J. Neurotrauma. Vol. 14, N 12. P. 951-962.

[15] Konovalov A.N. et al. (1994) Neurotraumatology [Nejrotravmatologija]. Medicine.

[16] American Spinal Injury Association and International Medical Society of Paraplegia, eds. Reference manual of the
international standards for neurological classification of spinal cord injury. (2003) Chicago, IL: American Spinal Injury
Association.

[17] Magerl F.P., Aebi M., Gertzbein S.D. (1994) A Comprehensive classification of thoracic and lumbar injures // Eur.
Spine J. Vol. 3. N 4. P. 184...201.




Bulletin the National academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal—-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHHs cTaThU IS My OJIMKALUK B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka—nanrk kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en/

Penaxropst M. C. Axmemosa, T. A. Anenoues, /[. C. Anenos
Bepctka Ha kommbiotepe 4. A. A6opaxumosoii

IMoamucano B mewats 12.06.2020.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
19,1 n.n. Tupax 500. 3akas 3.

Hayuonanvnas akademus nayx PK
050010, Anmamul, yn. Lllesuenxo, 28, m. 272—13-18, 272—13—-19



