MEDICINE

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 2, Number 326 (2018), 5 — 11

S. K. Akshulakov', V. A. Byvalcev?, K. Lumenta®, T. T. Kerymbaev',
V. G. Aleynikov', Y. A. Urunbaev', A. B. Sansyzbaev'

'JSC "National Center of Neurosurgery", Astana, Kazakhstan,
“Road Clinical Hospital at the station. Irkutsk-Passenger OJSC Russian Railways, Russia,
*University clinic in Munich, Germany.
E-mail: byval75vadim@yandex.ru, raim@rambler.ru, neurochirurgie. kb@klinikum-muenchen.de,
kerimbaev_t(@mail.ru, doctor.aleynikov(@gmail.com, yermeku@rambler.ru, aybol 87@mail.ru

NEW TECHNOLOGIES IN SPINAL NEUROSURGERY.
ANALYSIS OF EARLY RESULTS OF THE USE
OF FUNCTIONAL DISKS IN PATIENTS
WITH DEGENERATIVE DISEASES OF THE CERVICAL SPINE

Abstract. Introduction. The technique of implantation of functional disks for surgical treatment of patients
with degenerative diseases of the cervical spine was developed in the early 2000s. To date, the literature reflects the
results of treatment, but in Kazakhstan this technology was not used until 2016.

Purpose of the study. Conducting an analysis of clinical outcomes and instrumental data using the technique of
implantation of functional disks in patients with one-, two-level degenerative lesions of intervertebral discs of the
cervical spine.

Materials and methods. The study included 10 patients who underwent replacement of the affected segment of
the cervical spine with a functional disk in the conditions of spinal neurosurgery and pathology of the peripheral
nervous system department of the National Center of Neurosurgery JSC, Astana. Dynamic observation and complex
clinical and instrumental evaluation of the results of treatment were evaluated within 12 months after the operation.

Results and discussion. After performing the discectomy and replacing the affected level with a functional disc,
all patients had a decrease in the severity of the pain syndrome according to the VAS and an improvement in the
quality of life according to the Oswestry index. According to the instrumental survey methods, the mobility of the
affected segment is determined, without the formation of degeneration in an adjacent level. Restoration of regional
cervical lordosiswas also noted. Complications were observed in one case, the incoming paresis of the recurrent
nerve developed.

The conclusion. The technique of replacement of the affected segment in the cervical region with a functional
disc has a high clinical efficiency, which is confirmed by a significant decrease in the severity of the pain syndrome
according to the VAS, an improvement in the quality of life of patients according to the Oswestry index, and a low
number of postoperative complications. Also, the described method of surgical treatment of patients with dege-
nerative diseases of the cervical region allows to restore the sagittal profile and reduce the load on the adjacent
vertebral-motor segment with a low probability of formation of degeneration of the adjacent disc.

Key words: cervical spine, degenerative diseases, functional disc, arthroplasty.

Introduction. The negative spine disease is the progressive dehydration and fibrosis of the pulpous
nucleus of the intervertebral disc. These changes lead to loss of ¢lasticity, height loss of disc, formation of
bone spurs, cracking of the pulpous nucleus and protrusion of the nucleus [1]. Progression of the disease
leads to instability in the anterior axis of the spine, which causes a pain syndrome. Radiculopathic pains
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occur when the corresponding nerve root is compressed. Also, in this case, there may be impaired
sensitivity, a decrease in tendon reflexes and paresis. With compression on the spinal cord, there is a
myelopathic syndrome manifested by increased reflexes, clonus, impaired motility, gait and balance [2, 3,
5]. In cases of failure of conservative treatment methods, surgical intervention involving dixectomy and
segment stabilization (ACDF: anterior cervical discectomy with fusion) is resorted to. Despite the success
of this treatment technique, there are some desrcibed cases when this technique significantly accelerates
degeneration in adjacent segments of the vertebrae [2, 6, 7]. As a result, the patient develops symptoms
requiring second surgical measures directed to adjacent segments of the vertebrac. Preservation of
movements in the segment is important to prevent problems of adjacent segments [4, 6, 8, 11].

Based on these findings, Dr. Vincent Bryan in the 1990s developed his implant for arthroplasty of the
cervical disc. In January 2000, Dr. Goffin from Belgium first implanted this device [5, 8, 12, 13].

There are two main reasons to search new methods of surgery of degenerative spine discases
discrediting the gold standard of nowadays treatment like ACDF. First of all, majority of surgeons think
that the creation of a block of cages by means of the functional segment has adverse effects in the long
run, causing problems of adjacent segments. [6, 10] and more often problems arise in the overlying
segment [13, 14]. The adjacent segments are exposed to increased load due to the fact that they equal
motion of blocked segment, acquiring the risk of early degeneration |2, 5]. Hilibrand says that annualy for
the first 10 years after surgery 2, 9% of operated patients go through problems of adjacent segments.
According to Kaplan-Meier survival analysis, for 10 years 25, 6 % of 374 patients experienced the
problems of adjacent segments. Fixation at C2-C3 and C7-T1 vertebrac levels showed the less risk of
problems of adjacent vertebrae otherwise C5-C6, C6-C7 levels are considered to be the biggest problem.
2. Consequentially, more than 2/3 patients had to go throgh second surgical measures. They believe that
the primary cause of that was further progression of the degenerative process, rather than increased
afterload on adjacent segments. [2]. According to Robertson, 13.9% of patients among 158 operated
patients had the development of new symptoms of the disease for 24 months. [10]. The second frequent
cause is various complications connected with the formation of a nearthrosis at the operated level because
of the migration of the implant (cage) or the lack of fixation (screws). 6% of patients had these problems.
[15]. The study is based on a randomized, multicentre, controlled trial by John G. which was published in
2009. There has been a report of 242 patients implanted by "Brian" and one more group of 221 patients
operated through "ACDF". According to analyses after 12 and 24 months, both groups had a significant
symptom regression. The "Brian" group was more likely to have early post-hospital rehabilitation. The
difference was 2 weeks. Also in this group, there were observed 1.7% against 3.2% of patients reoperated
in the control group [24].

Study objective: to analyze the clinical outcomes and instrumental data of the use of functional disks
of patients with one and two-stage degenerative damages of the cervical spine.

Methods.

Study design. A monocentric prospective study was performed, a retrospective chart review was
carried out.

Matching criteria. Inclusion criteria; one, two-stage degenerative diseases of the intervertebral discs
with compression of the vertebral canal by the means of a hernial component.

Exclusion criteria: X-ray signs of height loss more than 2/3 of healthy discs, spondyloarthrosis with
the formation of osteopytic complexes, multistaged stenosis of the spinal canal, a significant decrease of
bone mineral density (osteoporosis).

Realization conditions. The study was performed on the basis of the National Center for Neuro-
surgery (Astana, Kazakhstan). Surgical approach and decompression of nervous structures were carried
out according to the accepted standard of neurosurgery using the OPMI Pentero operating microscope
(Carl Zeiss, Germany) and a retractor system for minimally invasive installation of the functional disk.

Study duration. The values of clinical and radiologic parameters before the operation, at discharge
and in follow-up examinations recommended at 3, 12, months after the intervention were evaluated. The
duration of observation was 13+1.5 months.

Qutcomes of the study.

The main outcome of the study. Effective decompression and favourable evolution of the operated
segment with postoperative recovery of the sagittal profile of the c-spine by means of functional
prosthesis of the cervical intervertebral disc with low trauma of the intervention.
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Additional study outcomes. We studied the sex, age, height and weight of patients. Such technical
characteristics of the operative intervention as the duration of operation, extent of blood loss, duration of
hospitalization and activation time were investigated.

Methods of recording outcomes. The study of clinical efficacy was carried out on the basis of
researching pain severity according to the following criteria:

1) Visual analogue scale of pain

2) Standards of living, related to dorsodynia according to Oswestry Disability Index and surgical
implications

Radiological outcomes were measured by:

— Functional cervical spondylograms: sagittal segmental angle at the level of implantation, regional
sagittal angle at the upper edges of the vertebral bodies C3-C7.

— CT scales: the degree of dislocation of the functional disk (figure 1).

Figure 1 - Postoperative computer tomography of the cervical spine
in 1 year after installation of the functional disk

Ethical review. The study was approved by the Ethics Committee of the National Center of Neuro-
surgery in Astana; each of the patients under the study provided written informed consent.

Results.

Study subjects (participants). The study included 10 patients (1 male and 9 female, middle age
36.8+9.3 years old). The average height and weight of patients was 163.6+10.6 cm and 64.6+14.2 kg
respectively. Polyfunctional cages Bryan cervical disc prosthesis (Medtronik, USA) are mounted.
6 polyfunctional disks were installed at the level of C5-C6 of cervical vertebrae; the remaining 5 had it at
the level of C6-C7. One patient out of ten had 2 polyfunctional discs, due to the two hernias in his cervical
spine. The patients’ complaints were the pain of cervical spine, pain in the pectoral girdle with irradiation
in the upper limbs, movement disorder and impaired awareness of hands.

Key results of the study. After the operation, all patients showed a significant decrease of abatement
from 7.9+1.8 cm to 1.4+1.3 cm at discharge and 12 months after surgery to 1.6£1.2 cm. The study of the
living standards of patients according to the ODI index allowed to reveal favourable evolution in the
postoperative period from 39.3£6.8% to 13.844.7% at discharge and 9.8+1.2% during the long-term
postoperative period. According to the results of cervical radiography of spine, lordosis smoothed from
18.3£5.90 to 32.2+£5.20 (figure 2). According to the subjective rating scale of postoperative deaths,
Macnab was 1.1 points. "Nurick" score averaged 1 point in 3 and 12 months.
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Figure 2 - X-ray radiography with functional samples
after the functional disk installation of the cervical spine

Further study results. The average duration of surgery was 78.5+15.5 minutes. The average volume
of blood loss is 98.7+25.8 ml. All patients woke up the next day after the operation. The total duration of
hospital stay was 6.4+1.6 days.

Adverse experience. 1 (1.0%) of postoperative complications was verified among cases, the ingoing
paresis of the recurrent nerve was revealed. The delivery of therapy reversed neurological symptoms.

Study Restriction. This study is restricted by limited duration of monitoring (12 months) and its
small follow-up rate (10 patients). This does not allow to assess the effect of the functional disk on the
operated invertebral disk degeneration of all patients.

Conclusion. The replacement technique of the disease segment of the cervical spine with a func-
tional disk has a high clinical efficacy, confirmed by a significant reduction of pain severity according to
the VAS(Visual analogue scale), an improve the quality of patients’ life according to the Oswestry
disability index and a low number of postoperative complications.

Additionally, the described method of surgical service of patients with degenerative disc disease of ¢-
spine allows to regenerate the sagittal profile of the c-spine and to implement effective dynamic
stabilization of operated motion segments with a low-risk area of developming degenerative changes in
interfacing segments near to the operated segment.

Conflict of objectives. The authors of this article confirmed the absence of a conflict of objectives to
be reported.
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'AK «¥ITTHIK HEHPOXHpPYPIHs OPTANBIFbD, AcTana, KajakcTan,
“UpKyTCK-KONAY MbLIAP GEKETIHIET] K0T KIHHUKATBIK aypyxaHacsl BAK «PTX», Pecei,
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_ KYJIbIH HEHPOXUPYPTUSACBIHIAFbI SAMAHAYH TEXHOJIOTHSLIAP.
MOJbIH OMBIPTKA CBIHBIH JETEHEPATHBTI AYPYJIAPBI KE3IH/IE KOJIIA HBLTATBIH
®YHKIUOHAIALI JUCKTEP/II HANTAJTAHYABIH ATFAIIKEI HOTHKEJIEPTH TATLIAY

AnHotammsi. Kipicne. MOHWbIH OMBIPTKACHIHBIH JCTCHEPATHBTI aypyJapbl Ke3iHAe KOJJAHBLIATHIH (yHK-
IOUOHAIBI JUCK MMIUIAHTAIISIIAY onepaumsics! 2000 skpuimapasH OackiHAa AyHuere kel Kasipri TaHaa FbuibIMu
oncOueTTepaAC OHBI MAWANAHY TOCIT JKAaHBIHAA HKA3BUTBIN KypreHiMeH 2016 sxeimra meiiin Oy texnomorus Ka-
3aKCTaHJA KOJTAHBLIMA/IbL

3epmmeyoin maxcamvl. MOUBIH OMBIPTKACBIHBIH Oip HEMECE CKi THCKICIH KAMTHIFAH JICTCHCPATHBTI aypyiap
KE31HAE KOJIAHBUFAH (DYHKIMOHANIBI JHCK MMIUIAHTAIMATAY OICPALICHIHBIH KIMHHUKAJIBIK >KOHE HHCTPYMCH-
TAJIIbI HOTIKCIICPIH TATAAY.
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Mamepuanoap men aoicmep. 3eprreyre AK «¥ATTIK HEHPOXHPYPIHS OPTAIBIFBD) KYJIBIH HEHPOXHPYPTHACH
JKOHE IIETKI XKYHKE XKYHEC] MAaToIOTSICHl O8MIMINICCIHAC MOHBIH OMBIPTKACHIHBIH, 3aKBIMIAHFAH CETMCHTIHE (DYHKIHO-
HAIBl JUCK MMIDIAHTAOWIAY OICpanusiachl skacaneiaraH 10 Haykac kipal. Haykacrapra KIMHUKAIBIK KOHE WH-
CTPYMEHTAIABI 3¢PTTEYJICP ONCPANMAIAH KCHIHT] amFamKel 12 ait 60bIHAA XKYPri3inmi.

Homuoicenep men manxvinay. Onepanusizan KeifiH HayKactapia aybsIpchIHYAbIH as3arobl (BAIIl mkamacsr
OOUBIHINA) JKOHC OMip CAMaCBHIHBIH JKaKkcapysl (OCBECTpH MHACKCI OOHBIHINA) TipKenai. MHCTPYMCHTAIABI 3¢PTTCY -
Jep HOTIOKECI OOMBIHINA 3aKbIM AJFAH CETMEHT ©3iHIH KO3FAJFBINTHIK KACHETIH >KOFANTIIAFAHBIH, KOPIIJIEC CEr-
MEHTTEp JCTCHEPATHBTI 63TEPIiCTepre IMANIbIKNAFaHbIH KopceTTi. OHBIMEH KOCA alMaKTHIK MOWBIH JIOPIO3BIHBIH
KAJIbINKA KEITeHIH OalKayra 00IaabL

AckpIHy Oip HayKacTa OOJIbII, KeMeHIiH KaHbIPhLIMa HEPBICIHIH OTIEII MApe3i OPhIH aJIIbL.

Kopbimuinovr. MOUBIH OMBIPTKACHIHBIH ACTCHEPATHBTI ayPyJIapbl KE31HAC KOJAAHBUIATHIH 3aKbIMIAJFAH CET-
MCHTTI ayBICTBIPATHIH (DY HKIMOHAIAB! AUCK UMILIAHTAIMAIAY OTCPALMACH 9/IiCI KIIMHUKAIBIK TYPFBIAAH THIMALTITI
skorapel. BAILI GofipIHIIa ayBIPChIHY CHHIPOMBIHBIH aHTapIbIKTal a3arobl, OCBECTPH MHICKCI OOMBIHINA HayKac-
TapABIH 6Mip CYPY CANaChIHBIH KAKCAPYDI JKOHE OTICPALMAAAH KCHIHTI aCKBIHY TApAbIH a3a0bl OChIFaH 1oJ1e1. COHBI-
MEH KaTap >KOFApbhlla aTaaFaH MOMBIH OMBIPTKACHIHBIH JETCHEPATHBTI aypyJIapbl KE3iHAE KOIIAHBUIATHIH XUPYP-
THSIIBIK EMZCY 9ICI CaruTaibabl MPO(IIIbII KAIBIHA KEJATIPYTE YKOHE iPresieC OMBIPTKA-KO3FAITKBIIITHIK CETMCHT-
K€ KYIITI a3 TYCIPy apKbUIBL, 1presiec AUCKIIepAe JeTCHEPATHBTIK 63repicTepAin 001y KayIiH a3aiTaibl.

Tyiiin ce3aep: OMBIPTKAHBIH MOMBIH O6iMi, JCTCHCPATHBTIK aypyiap, (yHKUHOHATBABI TUCK, apTPOILIAC-
THKA.
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HOBBIE TEXHOJIOT' MM B CHAHAJIbHOMN HEMPOXHUPYPIHMN.
AHAJIN3 PAHHUX PE3YJbBTATOBHCIIOJIB30BAHHUA ®YHKIINOHAJBHBIX TUCKOB
Y HAIIMEHTOB C AETEHEPATUBHBIMH 3ABOJTEBAHUAMUA
IMEWHOI'O OTAEJA MO3BOHOYHUKA

Annoramusa. ObocHoganue. MeTOAMKAa MMIUTAHTAIMH ()YHKUIHOHANBHBIX JHCKOB A XHPYPrHUSCKOTO Je-
YCHHUS IMANMCHTOB C JCTCHCPATHBHBIMH 3a00JCBAHMSIMH INCHHOTO OTACTA MO3BOHOYHHMKA Pa3padOTaHa B HAJale
2000-x rogoB. Ha ceromHAmHUN ACHB B JIMTEPATYPe AOCTATOYHO OTPAKSHBI PE3yIbTATHI ICUCHUA, OAHAKO B Ka-
3axcrane 10 2016 roga faHHAs TEXHOJIOTHA HE MPUMEHATIAC.

Ilenv uccneoosanus. TIpoBeacHNE aHATM3a KIMHAYECKHX HCXOJ0B M HWHCTPYMCHTAIBHBIX JAHHBIX HCIOIB30-
BaHMS MCTOAMKH MMIUIAHTAIMHA (PyHKIHMOHAIBHBIX JUCKOB Y MAIWEHTOB C OJHO-, IBYX-YPOBHEBBIMHE JICTCHEPATHB-
HBIMH MOPAYKCHUSMH MEKIIO3BOHKOBBIX JTHUCKOB MMEHHOTO OT/CIA MO3BOHOYHHKA.

Memoowi. B mccnenoBanue BKIOUCHB! 10 ManueHTOB, KOTOPHIM ObLIA BHIIOJIHEHA 3aMCHA MOPAKEHHOTO CET-
MEHTA IMEHHOTO OTJEIA MO3BOHOYHMKA, (PYHKIMOHAIBHBIM AUCKOM B YCIOBHSIX OTIACICHUH CIIMHAIBHOM HEHPOXH-
pyprum u marosornu nepudeprmieckoi HepsHOW cucrembl HammonameHOTO LlenTpa Helipoxupyprum r. Acrana.
JuHaMHYECKOE HAOMFOJCHUE U KOMIUICKCHYIO KJIMHHYECKYIO H MHCTPYMCHTAIbHYIO OLEHKY PE3yIbTaroB JCUCHUS
MPOBOJWIH B TCUCHHE 12 MECAUEB MOCIEC ONECPALHH.

Pesynemamer. T1ocne BHIMOTHEHUS AUCKIKTOMHHH M 3aMCHBI ITOPAKCHHOTO YPOBHS (PYHKIMOHAIBHBIM JTHC-
KOM, Y BCEX IMAIUCHTOB OTMECUCHO YMECHBIICHHUE CTCIICHH BBIPAYKEHHOCTH O0JsieBoro cuHapoma o BAII u yiyumre-
HHUC KauecTBa *wu3HU 10 uHAeKcy Ocsectpu. [10 JTaHHBIM HHCTPYMEHTAIBHBIX METOIOB OOCICIOBAHMUS OIPEIACICHO
COXPAaHEHHE MOJBIKHOCTH HMOPAXKCHHOTO CETMEHT, 0¢3 (DOPMUPOBAHUS JIECTCHEPAUMH B CMEXHOM ypoBHE. Tarxe
OTMEUYCHO BOCCTAHOBICHHE PETHOHAPHOIO INEHHOro JopAo3a. OCIOKHEHUA HaOmoJamuch B 1 ciydae, pasBHiIcs
MPUXOIAIIUHN Tape3 BO3BPATHOTO HEPBA.

3axnouenye. MeTonuka 3aMeHBI IOPAKCHHOTO CETMEHTA B IMEHHOM OTene ()yHKIHOHATIBHBIM JUCKOM 00Ia-
JIACT BBICOKOM KIMHUYECKOH 3(D(DEKTHBHOCTHIO, IOATBEPKACHHON 3HAUMMBIM CHHYKCHHEM BBIPAXKCHHOCTH OOIICBOTO
curapoma mo BAII, ymyumeHHeM Ka4ecTBa >KM3HH NAIMEHTOB MO WHACKCY OCBECTPH M HU3KHM KOJIMYECTBOM
MOCIICOTICPAIIMOHHBIX OCIOKHCHUH. Taxke OMMCHIBACMBIA CIIOCOO XHPYPIHUECKOTO JICUCHMS HMANUCHTOB C JETe-
HEPATHBHBIMH 3a00JICBAHMAME IICHHOTO OTACIA MO3BOJUIET BOCCTAHOBHTH CATUTTANBHBIN NMPO(QHIb W CHU3UTH
HArpy3Ky HAa CME)KHBIH IMO3BOHOYHO-IBHTATCIBHBIH CETMCHT C HH3KOH CTCIICHBIO BEPOATHOCTH (POPMHUPOBAHHUS [ie-
TCHEPALMU CMEKHOTO JUCKA.

KimoueBbie ciioBa: mMEHHBIH OTACT MO3BOHOYHHKA, ACTCHEPATHBHBIC 3a00cBaHMs, ()yHKIMOHAIBHBIA JWCK,
apTPOIIACTHKA.
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