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Job burnout and related factor among Thai neurosurgery residents
Nutthaphong Seangpadsa*, Rungsak Siwanuwath*

Neurosurgery Surgery Unit, Department of Surgery, Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand.

BACKGROUND: Burnout is a syndrome of emotional exhaustion, depersonalization, and reduced per-
sonal accomplishment. The costs of burnout in medicine include negative effects on a physician’s psycho-
logical and physical health. Burnout may contribute to an increase in the rate of medical errors among
residents. However, there is no previous study about the prevalence of burnout among Thai neurosurgery
residents.

OBJECTIVE: To examine the level of job burnout and related factors among Thai neurosurgery residents.

METHODS: A cross-sectional descriptive study, all Thai neurosurgery residents in 2019 were included.

The questionnaires including, demographic, work-related questionnaire, and the Maslach burnout in-
ventory (MBI)-Thai version were sent to all residents. Chi-square test and Binary Logistic regression analy-
sis were performed to analyze the influence of various factors on each burnout dimension (Emotional ex-
haustion, Depersonalization, and Feeling personal accomplished).

RESULTS: The total number of participants were 71 residents (55.04%) and most of them (71.8%)
were males. The mean age of participants was 29.691+2.67 years, and year of medical practices was
5.44%1.9 years. Thai neurosurgery residents had high level of emotional exhaustion (54.9%), high level of
depersonalization (46.5%) and high level of feeling personal accomplishment (91 .6%). Moreover, the high
level of burnout was found in three residents (4.23% ). The associated factor with burnout was work over-
load (on duty hours) OR=6.32 (95% Cl 1.27-31.58; p<0.05).

CONCLUSIONS: This study revealed that most of Thai neurosurgery residents had high level in all
burnout dimensions: emotional exhaustion, depersonalization, and feeling personal accomplishment. More-
over, specifically work overload on duty hours was the only one factor that associated with burnout syndrome.
Thus, improvement of work duration on duty hour may prevent or decrease job burnout in Thai neurosurgery
resident

Keyword: Job burnout, Thai Neurosurgery Resident
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o3 niduiunnin uazudananisuszivaanidn
3 F% AD

o BNWANINEDUATNIIB1IND! (Emotional ex-
haustion) #a1889 AIING NIISUAIINNAGWNIY
asualnnAnly wazdnisanasaaanineinsnig
1sunlzosyARA § nnaAnasTiazidyiun1sie
wazn13tAUINIIARSUUINIS

° ﬁ”mmiammwﬂ%q&]ﬂa (Depersonaliza-
tion) ¥N18H8 N1IRYIABARAIWAURBLIUUSNITHTE
1% (cynicism) Tl 1o uazmau wesluanwme
wemendafuandudiuuinig uazuenmaingiu
deonananeifunisuasgSuuinislaifusnud (denu-
manization)

e HIUNITAAAIIN 159 IWYARAA (Reduced
personal accomplishment) PN1EHI N1TARNAIADY
AING - NIIAuAAIN 1w1sanazUse "ndanlunis
a1 $ndmnialifinnn wnsafiazdienge
wsalAusnsungsuusnIsle

TneisnnsAnAzunwaANsniosdlun1svinemn
TuuaAazA1%aIN MBI ¥lABN1ThUAZLI®IIN A10TN

wpazda AlHASLLTWAIMNALUY Likert Scale 7

526U Aous 0-6 AzuuwlasiSesan “ldnesnidu
W 19z 0 Azuww Tuauds “$*anng W T4
AZUTIE 6 AZWWWATNEIAY WAZTINIITINAZLUT LA
gagFanlnusazsw Huazuuwaizndiesdnle
N3N BIBLAATATBLAE 18150 N ReULTn
FTAUIDIATUULIBUAREATH ATNLNUTIBITEAU
m’;zmﬁaﬂaﬁ”ﬂumiﬁwmhﬂajuqﬂmﬂimqms

WWNE Aat A9LHATITIN 1

n1sdipsideyana: i

1#1Usun53 IBM SPSS Statistic version 22 18 &8
Bonssanw irsizhdayanald, 14 G& chi-square

o a o 1Y o & d @ o
test iaLlSsuIisuaNwMzdayanug % NiUndaya
\Bangauazld R Binary Logistic Regression 1w
FaunUsNAAIAIINLANA198E19H%E AYNIG GR
IneRansauninfise Awn1e 87 WladA1p<0.05 e
P1UFNNAIIN  NABENUNIILLABBERI1IINNT

7179%

wan1sAnyv1dvsla:n1sanUsigwa

unnguszandin 12105z IMAREAT 75 AU
WUU BUDTHNEUTIIRNG 71 4n (3088z 55.04) ol
WU BuDNTanNe wysaiuasAsudaw (D
51 578 (30882 71.8) LWANEY 20 918 (SaEaz 28.2)
mqm% 29.69 U ( wdeaunsiasgin 2.67 1)

§ ownml @ 55 518 (Sewaz 84.6) Srezianln

AN5197 1 LNATSEAUNNILRREL A 1 bN15¥9%

Anzwiagdn SEAUAZUUUATIL
Tunsvinerusu willagdrlunsye
K nang i
ANNBERAINNEISNGL  27-54 19-26 0-18
n1sanAnaduyaaa 10-30 6-9 0-5
AN 159 IuyARa 0-33 34-39  40-48




Neurological Surgery
Vol. 11 No. 1 January - June 2020

n1susznavdgndnunng 5.44 U ( wdsouu
N16531% 1.90 V) seldade 32,496 UINABLADY
wlnglifinnsznnenseunst fnnseandiqenie
waz waenfvszifniednnansaineudnutynd
NNIRLILUAZLABRAMNAADEINHIAIAIY AU
Foyn w6 fou adlumaned 2
mSudayafInnaenne wui ulng
pglITlale 15.04 1I3/1f0w fA1NS nEaN1TzaTW
MIlIA1 TN TUASRENIANTINNS g lwazaUNIN
waznnAadyniszndtelunisrien ARAUSnw
WARTBATHLNEINDADILIATIBATTHOWHAULAZAITN
WiBowaa09L281 wea agluszauiaanazAIwaIy
wieswalalu swandannienienin, Ansiieanela
Twdandn, Anwieswalalunisiineusy, n1stasu
U yuaniieusanewuazn1slasy 1 yuan

919158 2g5AUUIBNATY WASWUINASINILAL N

a

ANARAIBBNAINNISHNBUTH WTUTBYARIUAIT

Y191% Aol AILBA15197 3

na:midiesdrlunasrinvau (Job Burnout)

NMSAN®IRH WU wluaunndusedndin

as o =1 dl v
1211598 IMAREAT B9 Nﬂ’]'lm‘ﬁ%ﬁ]‘&lﬂ'ﬂ%ﬂ']i

M15199 2 U AITDYA IUED

F2A IUA? U Sogaz
LA

18 51 71.8

I 20 28.2
a1y (¥)

#08n11 30 U 38 53.5

30 Yanld 33 46.5

\ade 2069  Range 26-39

A1UANATN
In 55 84.6

E\p] 10 15.4

A15197 2 (613) U AYBYA 67

iaya IUA U Soway
szazIa1sznauivndn
1-5 1 38 53.5
6-10 1 33 46.5
Laﬁﬂ 5.44 Range 2-9
selfaiesaiiau (vn)
20,000-30,000 16 22.5
30,001-40,000 39 54.9
40,001-50,000 16 22.6
i 32,496 Range
20,000-50,000
A5TNIIATIUATI
“ae 41 57.7
U1unang 27 38.0
qN 3 4.3
UszIan1edmay
i 13 18.3
Taid 58 81.7
ATNARBYINHIAIAY
i 9 12.7
Taid 62 87.3
msuqué
U 10 14.1
JEHRY 61 85.9
nshN .31/usanagaa
Talta 32 45.1
B 39 54.9
“Unviae 1-2 % 35 49.3
“Unviaz 3-4 % 2 2.8
“Unviaz 5-6 % 2 2.8
nseanidsmeiade (Tw Uaii)
Talaanmaane 29 40.8
9aNMNaINIY 42 59.2
1 16 22.6
2 9 12.7
3 12 16.9
4 4 5.6
5 1 1.4
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A3 3 I AITBYARIWNITHIH

oy an1uN151neu 91U (5898) ARIINITABUNAY
Bl

1 13 (18.30) 54.2

2 16 (22.56) 55.2

3 12 (16.90) 48.0

4 13 (18.30) 46.4

5 17 (23.94) 73.9

ERLY 71 55.04
MUIUL5 (129/1h8N)

<10 25 (35.2)

11-20 39 (54.9)

> 20 7 (9.9)

\ade 15.04 Range 8-30

91U (509a3)

Y Taisd

N19ARA1aaNIINNIHNAUITH 36 (50.7) 35 (49.3)
nsfiiusnwdiafindanilunisriemn 64 (90.1) 7 (9.9)

Wasg Urunang HIn
ANS A1z (lwaasanis) 1(1.4) 33 (46.5) 37 (52.1)
AIING " NEIBNITZITW (WBNLIATTIANT) 1(1.4) 28 (39.4) 42 (59.2)
ANLAEINDIDILIRT NI THEUHA 57 (80.3) 13 (18.3) 1(1.4)
ATHLNEINAADILIAT 61 56 (78.9) 15 (21.1) 0
anaiisanalaluswIngaanienignin 25 (35.2) 43 (60.6) 3(4.2)
ANnieanalaluizndn 3 (4.2) 38 (53.5) 30 (42.3)
Aniganalalwnisiinausy 6 (8.5) 48 (67.6) 17 (23.9)
MSIASY WU BuaInianIIHI% 8 (11.3) 34 (47.9) 29 (40.8)
MSASU WU %uaINenense 20 (28.2) 37 (52.1) 14 (19.7)

OUETHAIINIDBAIND1INDIIwIZAU 9 (Emo-
tional exhaustion) 38882 54.9 AIWNITAAAITN
[ s . . L
\UnyAAaluszau o (Depersonalization) 888z 46.5
WAZAUAIIN 159 IUYARALUIZAU I (Personal ac-
. % o =
complishment) Sa8az 91.6 lnafinzuwniaioln

WHAAY Al AIIWATSINN 4

wuunngUszadnw 121Use AseAn Al
Usznalng fianzniosdilunisiewluszsu_o
ATNLNMUTI289 Maslach [R8AZLHUATBAIINEAHE
N1981580l 9 (Emotional exhaustion) A1%N1386
mwmﬂuqﬂﬂaua (Depersonalization) LAZAIWAIIN

159 'QMQFIFIMT'I (Personal accomplishment) U



Neurological Surgery

Vol. 11 No. 1 January - June 2020 7
A15197 4w Aenzmiaed lunsriewe 3 S
4. U (F08a2)
AHagan Mean SD - 3 - -
ITAURT sgaulIunang SEAU 9

AWAIINDOUAINBITN (n=71) 28.35 13.76 17 (23.9) 15 (21.1) 39 (54.9)
ﬁ’mmiammﬁmﬂuqﬂﬂa (n=71) 12.38 7.37 20 (28.2) 18 (25.4) 33 (46.5)
AIWAN W33 YRR (n=71) 13.39 10.5 4 (5.6) 2 (2.8) 63 (91.6)

3 318 (S0882 4.23)

Haseifnny “wwusiuasuilasdlums
yenlundazanu s aolua1s1ef 5

ATUAINNBBUATINIIDTITHEL

INNNFIATIZVIAIY 16 Chi-square test WU
ANNBABATNDITHNAUNAIIN  NABSAUNANE ) Uaqe
doiladesonaranw laun nisimefaandnaisan
91NN1sHNBUIH N15LESUNIS WU uwaInNe1ansd
ANHLganalalunstnausy ANLNEINa28919a0
WA AN NEBNITZITBUENLIAIITIANTT UaT
ATHLNEINE28 LI AT A WAAY LaeTadeny
na1aw  AunwaliaifinAInsana n19ansneily
szhU_le

AIUN1aRANLTIUYAAE

1INNNTILATIZVIBIEY §i6 Chi-square test WU
nsanANduyARaiAN wusiunaie ) Jade
Foiladuaonanin laun nsimefiamnadnesngin
FIRE NITIASU U mgumnmmaé'ﬁ'ﬁaa AN
eowalalunistlnausn full s1wanas Tneiladess
na1un AduwalibafAanisananaduynanale
526U _olsl

AIUAIN L5e UYARA

INNNFIATIZHIAIY 16 Chi-square test WUIN
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TIN5 Ansiaenelalu swandaanisnienin

Anangswalaludandn laeiasesinaiatis Auww)

Lisfnman 159 uymnaluszau ls
INNITILASIZYIRIE iR Binary logistic regres-
) | o da v v cw o v
sion WU UadefiANN “WAwsSAuNsEiniaea
N15719711926U _9 (High job burnout) Twusazsiw

agofine An1e GA leun Aag T nean192emw

o
=] >3
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3 s [ 1 ° <
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1 [ (% [V~ 1
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as1ed 6 1 mutledeffinanasznunzuwwazniesdnlun1siewssau _susazanw laels Binary logistic Regression

ANBIURINIGDITHEL msanANLduYARS
Uadey Adjusted OR p-value Adjusted OR p-value
(95% c1) (95% c1)

LWl 0.49 (0.14-1.70) 0.264 0.63 (0.18-2.16) 0.462
a1 1.34 (0.89-2.01) 0.162 0.70 (0.38-1.31) 0.264
AIRAIN NI 0.28 (0.5-1.64) 0.158 0.58 (0.09-3.57) 0.554
52824381U52NUTZIN 0.27 (0.03-4.27) 0.576 0.05 (0.01-7.82) 0.250
NENNATOUAT 2.58 (0.65-10.18) 0.175 2.16 (0.46-10.07)  0.325
Uszi/U3nunllynimnednig 2.74 (0.31-24.16) 0.364 0.39 (0.16-9.24) 0.556
ATINAABEINAAIATY 0.39 (0.03-5.38) 0.486 4.48 (0.59-6.88) 0.080
nseaniiasnTg 0.68 (0.36-1.30) 0.250 1.22 (0.64-2.34) 0.537
Fudnafinu 1.05 (0.51-2.14) 0.885 119 (0.61-2.34)  0.603
ANNG NNzl wIa191809 0.52 (0.12-2.20) 0.378 1.44 (0.39-5.29) 0.583
AN NEBATZIUUONIAITIINTT 6.32 (1.27-31.58) 0.025* 2.61 (0.69-9.89) 0.159
ANNLRBINEZIAT NSO UNRAY 0.75 (0.16-3.59) 0.722 1.79 (0.37-8.68) 0.468
AHLNEINEZDILIA TUH 0.39 (0.05-3.07) 0.377 0.76 (0.13-4.31) 0.764
Ansifisonalaln swandosmenienin 1.17 (0.25-5.47) 0.839 2.81(0.57-13.82) 0.204
Anwnalaluiandn 0.80 (0.18-3.44) 0.766 1.08 (0.27-4.33) 0.915
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Unnngo Abstract

Purpose: Corpus callosotomy is an effective surgical treatment for medically intractable generalized
seizures, especially in patients presented with drop attack. The aim of this study is to report the seizure
outcomes after corpus callosotomy in a tertiary care epilepsy center.

Methods: We retrospectively reviewed the medical records of all patients underwent corpus callosotomy
at Prasat Neurological Institute. Only patients with more than 2-year postoperative follow-up were included
in the study. Seizure outcome of callosotomy was categorized and analyzed by seizure type, including drop
attacks and other kinds of seizures were analyzed.

Results: There were 17 patients in the study during January 201 3 and April 201 9. Total callosotomy
was performed in 3 (1 7.6%) patients the drop attack seizure-free rate was 33%, and seizure reduction
rate was 66.6%. However, partial section yielded a drop attack free rate of 14.3%,; the seizure reduction
rate was 85.7%. There was no relapse of drop attack in both procedures consisted of partial and total
corpus callosotomy.

Conclusions: The study demonstrated the corpus callosotomy which treated effectively for disabling
generalized seizures, especially for drop attacks. Total corpus callosotomy was more effective than the
partial section in reduce drop attack seizures. However, overall seizure reduction was not different, and no

relapse of drop attacks in both procedures.

Keywords: Corpus callosotomy, Seizure outcome, Drop attack, Epilepsy surgery
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Introduction

In 1940, Erickson et al. reported the spread
mechanism of epileptic discharges through the corpus
callosum in animal experiments using monkeys.1 In
the same year, van Wagenen and Herren first per-
formed commissurotomy in humans, demonstrating the
effectiveness of corpus callosotomy for severe gener-
alized seizures.2 They splitted various commissural fi-
bers depending on patient seizure characteristics, in-
cluding the total or partial section of the corpus callo-
sum, the anterior commissure, the massa intermedia
or the unilateral fornix. Wilson et al. reported that cor-
pus callosotomy alone is sufficient to improve gener-
alized seizures.3 Callosotomy has been accepted as
an excellent surgical procedure for disabling general-
ized seizures especially for drop attacks by preventing
the rapid spread of epileptic discharges from one hemi-

sphere to another.

Data following corpus callosotomy in Thailand are
scarce and difference in outcome of total versus par-
tial callosotomy remains to be elucidated. This study
primarily evaluated the impact of the extent of callosal
section, seizure outcomes, and patient satisfaction after

corpus callosotomy.

Methods

Selection of patients

We retrospectively reviewed the medical records
of all patients underwent corpus callosotomy at Prasat
Neurological Institute during January 2013 and April
2019. Inclusion criteria were patients with medically
intractable generalized seizures, with no discrete sei-
zure foci, no indication for seizure foci resection, whom
was treated with corpus callosotomy and was clinically

monitored for at least 2 years after the operation. Pa-
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tients underwent callosotomy combined with other sur-
gical procedures or less than 2-year follow-up were

excluded from the study.

Preoperative evaluation

For pre-surgical evaluation, all of the patients
underwent magnetic resonance (MRI) imaging, EEG

and 24-hour video EEG.

Seizure types

Seizure types were classified according to the
guidelines of the International League Against
Epilepsy.1 % In this study, the term “drop attacks” was
used to describe sharp falls instead of “astatic
seizures” or “atonic seizures”. Drop attacks included
both atonic, and tonic falls often accompanied by physi-
cal injuries. In addition to drop attacks, generalized
seizures (tonic or tonic-clonic), atypical absences,
complex partial seizures, simple partial seizures and
other types of seizures were also analyzed to evaluate

the effectiveness of callosotomy.

Extent of callosotomy

The decision to perform total or partial callosotomy
depends on age and abnormality detected from pre-
operative EEG. We preferred to perform partial corpus
callosotomy initially and total callosotomy was em-
ployed in pediatric cases except for a few cases. We
used postoperative MRI to confirm the extent of

callosotomy.

Postoperative seizure outcome

Seizure outcomes were analyzed based on the
data obtained by outpatients and inpatients records.

Seizure outcome was graded depending on postop-

erative seizure frequency: (a) seizure-free; (b) >90%
seizure reduction; (¢c) 50-90% seizure reduction; and
(d) <50% seizure reduction. Moreover outcomes were
classified by Engel classification that consisted of 4
classes.'> We considered a seizure-free state and
>90% reduction to be satisfactory seizure outcome.
Patient demographic data, including age, gender,
seizure characteristics were collected. Preoperative MRI,
EEG, operative note, postoperative MRI and seizure

outcome of each patient were reviewed.

Results

Characteristic of patients

Twenty-three patients underwent corpus
callosotomy at the Prasat Neurological Institute Hos-
pital during January 2013 and April 2019. Six of 23
patients were excluded from this study; 3 underwent
callosotomy combined with other surgical procedures,
1 was complicated with metabolic disorder and 2 had
been followed less than 2 years. Seventeen patients
were included in the study. (Figure 1)

There were 6 females and 11 male patients. The
median age of surgery was 10 years old, range from 6
months to 29 years (mean 11.94 *+ 7.13 years),
with 11 children (age less than 15 years old) and 6
adult patients. Sixteen patients presented with drop
attacks (94.1%) and 10 patients presented with gen-
eralized tonic clonic seizure (58.8%). Preoperative
EEG showed bilateral synchronized wave in 16 cases
(94.1%). One patient (5.9%) had multifocal EEG
seizures. The extent of callosotomy evaluated with post-
operative MRI showed total callosotomy in 3 patients
(17.6%) and partial callosotomy in 14 patients

(82.3%).
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Table 1 Clinical data of 17 patients
n (%) Range Median (IQR) Mean + S.D.
Sex
Male 11(64.7)
Female 6(35.3)
Age at seizure onset (years) 1-22 7.00 (4.00-12.50) 8.76 + 6.42
Seizure duration (years) 0.3-23 8.00 (5.00-13.00)
Age at surgery 4-26 10.00 (6.00-17.00) 11.94%+7.13
Pediatric patient 11(64.7)
Adult patient 6(35.3)
Preoperative seizure type
Drop attack 16 (94.1)
GTCS 10(58.8)
Absence -
New seizure postopertively
(after disappearance of drop attacks)
Postural seizure 6(35.3)
GTCS 1 (5.9)
EEG abnormality
Bilaterally synchronized 16(94.1)
Unilaterally dominant -
Multifocal 1(5.9)
Extent of resection
Total section 3(17.6)
Partial section 14(82.4)
Seizure free
Seizure free 3(17.6)
Seizure reduction > 90% 4(23.5)
Seizure reduction 50-90% 10(58.8)
Engel classification
1 3(17.6)
2 4(23.5)
3 10(58.8)
Satisfactory outcome 7(41.2)
Complication
EDH 1 (5.9)
SDH 1 (5.9)
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Table 2 Seizure outcome classified by seizure type after corpus callosotomy

Seizure-free Seizure Seizure Seizure Total Seizure—free
reduction reduction reduction rate
>90% 50-90% <50% (%)
Drop attack 3 9 - 16 18.75
Generalized tonic-clonic 1 5 - 10 10
90 85.7
ferent from total corpus callosotomy; 2 (14.3%) pa-
80
tients were seizure free and 12 (85.7%) patients had
70 66.6

%

Partial Resection

Total Resection

M Seizure Free M Seizure Reduction

Figure 1 Comparison surgical outcomes between total and

partial corpus callosotomy

Seizure outcomes

Seven patients (41.2%) had achieved satis-
factory outcome that consist of 3 (17.6%) seizure
free, and seizure reduction > 90% in 4 (23.5% ) cases,
and seizure reduction 50-90% in 10 (58.8%) cases
(Table 2). Seizure outcome were determined by Engel
classification.'® The results from this classification
consisted of class 1 had 3 (17.6%) cases, class 2
had 4 (23.5%) cases, and class 3 had 10 (58.8%)
cases.

Three patients who had total corpus callosotomy
were seizure free in 1(33.3%) patient and seizure
reduction in 2 (66.6% ) patients and 14 patients who

had partial corpus callosotomy, outcomes were not dif-

seizure reduction which this results were shown in

Figure 1

Postoperative changes of seizure type

During the postoperative follow-up, there were
no drop attack in all 17 corpus callosotomy proce-
dures, but there were 7 patients who had postopera-
tive change of seizure type. Most of the changed sei-
zure type was postural seizure in 6 cases, and the rest

was a generalized tonic-clonic seizure.

Surgical complications

There were 2 patients who had major complica-
tions from surgery. One patient had an epidural he-
matoma and another had acute subdural hematoma
which required surgery. Both patients had no deficits

after hematoma evacuations.

Discussion

The results of this study demonstrated the cor-
pus callosotomy was an effective treatment in for the
treatment of drop attacks, and generalized tonic-clonic
seizures. There was seizure free in 3 (17.6%) pa-
tients, seizure reduction> 90% in 4 (23.5%) cases

and seizure reduction 50-90% in 10 (58.8% ) cases.
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A study by Low and colleagues found that the
seizure free rate after corpus callosotomy for treat-
ment drop attacks was 94% and 82.2% at 12 months
and 72 months, respectively. In this same study, they
highlighted that the relapse rate of drop attacks is lower
following total corpus callosotomy compared to partial
callosotomy.1 °

According to the previous reported literatures, the
relation between seizure outcome and the extent of
callosal section has not been established confidently
however the extent of section seems to be an impor-
tant prognostic factor affecting surgical outcome.’ 1718
The result of this study showed that total callosotomy
had better seizure outcome than partial resection but
limitation of this study was the small number of pa-
tients. Partial section yielded a drop attack free rate of
23.3% and seizure reduction rate was 76.6%. Pinard
et al. reported that in West syndrome patients, partial
callosotomy for drop attacks were useful in only 3 of
11 (27%) patients, whereas total section was useful
in 8 of 9 (89%)."" Spencer et al. also demonstrated
that control of secondarily generalized seizures was
effectively achieved in 77% of patients with total
callosotomy and only 35% with partial section. '

Recently, Maehara and Kawai independently em-
phasized that the extent of callosal section was sig-

13,20,21
Maehara

nificantly related to seizure outcomes.
et al. reported that satisfactory reduction of drop at-
tacks was obtained in 94% of patients with complete
section and 65% with partial section.20 Kawai et al.
proclaimed that within groups who underwent partial
callosotomy, the extent of section was also related to
the prognosis of seizure free.21 Oguni et al. reported

that anterior 2/3 callosotomy had more excellent sei-

. 18
zure outcome than anterior 1/2 callosotomy. ~ In pe-

diatric patients total callosotomy rarely caused neuro-
logical complications because they had neuroplasticity
recovering process suddenly after this procedure.22
Therefore, total callosotomy should be applied as the
standard treatment for drop attacks, and even in cases
undergoing partial section, the maximum range of sec-
tion should be considered. A systematic review of cor-
pus callosotomy outcomes in pediatric patients reported
total corpus callosotomy was significantly more likely
to result in a reduction of seizure and the corpus
callosotomy is a safe and effective treatment for gen-
eralized refractory epilepsy.eg’24

On the long term follow up, a new type of sei-
zures developed after callosotomy in some cases. Pos-
tural seizures were the most common type of newly
developed seizures. The mechanism of these freshly
developed seizures may reflect the new electrophysi-
ological environment caused by callosal section.
Quattrini et al. reported that two different types of fall
grew after callosotomy.25 One example is caused by
decreased tonus of the unilateral limbs, which might
induce the collapse of the body to the hypotonic side.
Another mechanism of less severe fall might be due to
a more gradual change in muscle tone to the more
abrupt change of muscle tonus that occurred preop-
eratively.

This was the first study in Thailand that reported
the seizure outcome after corpus callosotomy that had
follow-up at least two years in patients with intrac-

table epilepsy

Conclusion

These findings confirmed that callosotomy is an
effective procedure for the treatment of disabling gen-

eralized seizures, especially for drop attacks. Total
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corpus callosotomy was more effective than the partial
section in seizure free of drop attacks seizure. How-
ever, overall seizure reduction was not different, and

no relapse of drop attacks in both procedures.
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Treatment outcome in hippocampal sclerosis with
intractable epilepsy after temporal lobe resection
in King Chulalongkorn Memorial Hospital
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A1 “ARY: Hippocampal Sclerosis, Engel’s Classification, Seizure free, Non-Seizure free, Mesial tem-

poral lobe epilepsy (MTLE), Anteromesial temporal lobectomy (AMTL)

Hippocampal sclerosis is the leading condition found in medically intractable temporal lobe epileptic
patients for which temporal lobectomy is an effective treatment option. In this study, the authors sought to
investigate the effectiveness and negative predictive factors of this surgical treatment at King Chulalongkorn
Memorial Hospital. During 1 January 2011-30 June 2016, eighty-three patients (47 females and 36

males) underwent temporal lobectomy performed by the senior author. The mean age of the seizure onset
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and the mean age at time of surgery was 13.71 £ 7.99 and 37.34 £ 10.52 years, respectively. The mean
duration of follow up was 3.25 * 1.5 years. At two-year follow-up, there were 79 patients and their Engel’s
classification postoperative outcome were |, II, lll and IVin 72 (91.1%), 3 (3.8%), 0 (0%) and 4 (5.1%)
patients, respectively. The negative predictive factors identified in non-seizure-free patients are poor medi-
cal and follow-up compliance, discordant EEG data, bilateral hippocampal sclerosis and a history of central

nervous system infection. All of these findings are useful during preoperative patient counselling.

Keywords: Hippocampal Sclerosis, Engel’s Classification, Seizure free,Non-Seizure free, Mesial tem-

poral lobe epilepsy (MTLE), Anteromesial temporal lobectomy (AMTL)
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Engel Classification of postoperative outcome
Class | Free of disabling seizure

A Completely seizure free since surgery

B Nondisabling simple partial seizures only since surgery

C Some disabling seizures after surgery but free of disabling seizures for at least 2 years

D Generalized convulsions with a AED discontinuation only
Class Il Rare disabling seizures

A Initially free of disabling seizures but has rare seizures now

B Rare disabling seizures since surgery

C More than rare disabling seizures since surgery but rare seizures for the last 2 years

D Nocturnal seizures only
Class llI Worthwhile improvement

A Worthwhile seizure reduction

B Prolonged seizure free intervals amounting to greater than half the follow-up period but not less than 2 years
Class IV No worthwhile improvement

A Significant seizure reduction

B No appreciable change

C Seizure worse

o L . 10
AINN 1 LL 7Y Engel’s Classification of postoperative outcome

wan1sfAny

v v

NN155UTINT YA AfUaelwenuidenni“wes
518 wuIndwmnends 47 (56.7%) T18UATINAANE
36 (43.3%) 918 lmegieanniend, akadodne
UAZOnA BINaIIWIN 73 (88%), 5 (6%) WA 5
(6%) s18mHAGU ALaReaadagfiSHTa1n3dn Ae

]
I =]

13.71 £ 7.99 U (219 1 thlaw - 40 U) ALade289

[ ] 1

p1gfiisun1anAnAe 37.34 + 10.52 T (29 10-
60 T) swazidendaoengu addumsned 1 uas 2
AnaderainIsininniNeIn1sraihendsndaag
325t151

mmj’ﬂaaﬁlﬂw%’un'ﬁmﬁﬂ temporal lobectomy
Wuf Seizure free outcome fiszeziaan 2 T wazd
52821981 5 UMAINNSEIARAER 91.1% waz 94.3%
AINEIAU (515199 3)

e Uiengu Non-Seizure free #1703

m15197 1 e1gfisadulsmandn

mqﬁt’%'m?]ufsﬂauﬁ'n @) n (%)
0-10 30 (36.1)
11-20 36 (43.4)
21-30 13 (15.7)
31-40 4 (4.8)

A1599] 2 81820UTUNITHIGR

angrmzsunsenen (U) n (%)
0-10 0
11-20 3 (3.6)
21-30 21 (25.3)
31-40 31 (37.3)
41-50 17 (20.5)
51-60 11 (13.3)




Neurological Surgery
Vol. 11 No. 1 January - June 2020

25

M15199 3 U A9 Seizure outcome ANNAWNNIAARNINDINTS

Engel Classification, n (%)

$222LIARARTN (LhB) : . " v Total
6 76 (91.6) 2(2.4) 1(1.2) 4 (4.8) 83
12 74 (90.2) 4 (4.9) 0 4 (4.9) 82
18 73 (89) 4 (4.9) 0 5(6.1) 82
24 72 (91.1) 3(3.8) 0 4 (5.1) 79
60 33 (94.3) 0 0 2 (5.7) 35

SLATIZARNANNUI

1. nanefae Engel 1

Tunguitiiguaenoman 3 518 Tng wud1 2 518
\meaglunga Engel | 71 6 WHouwndan1seinsn waz 1
eidugUaelungs Engel Il inaan1sRARINNITINE
Tnegiaene 3 s1efdgnilwdasana s salu
N135UUTEN 118N

dUae 1 918 JussRlasunisiftedelulsald

n898nL U (Encephalitis) &U28 1 318 #n1iznenm

welandinaendaniuimeindoniandedl e (Ce-
rebral Malaria) gUae 1 518 tmeRUssiRdnainld s
TwiaLin

WONIINHAMINRAI3A NS B9HANT5ATIY Prolonged
VDO EEG monitoring WaSHANIIASIAAIE MRI WU
Qﬂ?&li’l&lﬁ 1 § Bilateral Hippocampal Sclerosis Imtl
WuI1g19d1eeandngneiuazdaya 97 Prolonged
VDO EEG monitoring WU ictal EEG 8813710 temporal
region Fagnenanng (5 ﬂ%) WA clinical semiology
ol w190 lateralize l6 avinegUaelsizuniseinsn Left
anteromesial temporal lobectomy

;ﬁhaiwﬁ 2 1a5un153#taste Right Hippocam-
pal Sclerosis Na Prolonged VDO EEG monitoring WU

1N190 lateralize ictal EEG 310 temporal region 219

a1 lavienam (4 A30) wAa N clinical semiology 1w
non-lateralization f19 2 910 4 ﬂ%\‘i

dUaes1e7 3 1e5un193%asde Left Hippocampal

Sclerosis £373 Prolonged VDO EEG monitoring WU
91 IN198 lateralize ictal EEG 31N temporal region
F19te 18 6 90 7 A9 uaz sanaINEeean 1 910 7
a5s TaeaAn clinical semiology A Asann159ININedel
WAZYINBEIIA 1 910 7 Fl'%ga \¥% non-lateralization 5
9N 7 ASY

2. naugUae Engel 1Nl

fuhelungaitiiiies 1 5166 lngldgniuunag
Tungu Engel Il 1 ASI9INN15ARATINEINITT 6 LD
naansunsEnaR dafiafnanaainisuasdilae Ted
fi 12 \faw, 18 LHaw, 24 LHaw uaz 60 LHaw WU
lailsifen1sgnnaunndn wazlasuunluaglungs
Engel | Lﬂ%é’ﬂm Seizure free lerdll N2

3. naugae Engel IV

Tunguitdgiheniman 5 518 Taefl 4 718 fign
Junnageglungn Engel IV aaann1sAamnia n13
Snwnuazfinge 1 578 gnauwnidn Engel IV Twane
W&ol 18 uAz 24 Lhew nAIN195NYI (Engel | i 6
\RounaesnuwILez Engel Il 71 12 1o nassnwl)

Tuglhe 4 318 fieglungw Engel IV maaAnTs
Basnawuingie 1 9e AldfuseTRduinlmig
szifiew dihe 2 918 tmeduseiRidulsald woednt u
(Encephalitis) soudluiaifin gl 3 518 &
Tymlwdosnisansuen wazn1ssulszniwenagi

i ma uaz glhe 1 918 fusziBiaeansiudad

E]']ﬂ'?‘iifﬂﬁI’NWEﬂU?ﬂ



26

915 1sUs: NAagA AS
Uni11 avun1 wn9ew - dguigy 2563

WaNAINHAMNRIISAUSBIHANTATIV Prolonged
VDO EEG monitoring 4azwens n1waag saalsalu
89911 MRI wui1 2897891 1 68 MRI WU Bilateral
Hippocampal Sclerosis Imaﬁaa;ga 311 Prolonged VDO
EEG monitoring ictal EEG 8&n31n temporal region ﬁzﬂ
2 39 Tmenuinfisnedned electrical activity ¥1nN9
#19271 SINNINNTYN FDG PET scan RIHHA hypome-
tabolism ﬁlu%nm temporal region 197181 d %A%
5\1"[.5'1"%’Uﬂ’135i'n§1'm Left Anteromesial temporal lobectomy
iie amansdn
;jﬂamwﬁl 2 1@5Un193%ase Left Hippocampal
Sclerosis 53733 Prolonged VDO EEG monitoring WU
1H190 lateralize ictal EEG Temporal region 71978
one (5 ﬂ%ﬂ) WH91N clinical semiology 18w non-
lateralization £9 3 a0 5 A31 {Uhesed 3 THSunIs
198 Left Hippocampal Sclerosis 5573 Prolonged VDO
EEG monitoring WUI1 1190 lateralize ictal EEG 310
Temporal region 31931816 4 910 6 AS3 WAZAAN clini-
cal semiology W% non-lateralization 4 311 6 ﬂ%y’ﬂ
LLazﬁﬂfmi’mﬁ 4 lA3un153fiane Right Hippocampal
Sclerosis 53733 Prolonged VDO EEG monitoring NUI
1H190 lateralize ictal EEG 310 Temporal region 719
AITIHNA (4 ﬂ%ﬂ)
szwuiniladesaniuasagiaediliaueinis

%

inla LNABAIEIAR (Negative association with out-

o o o 1 .
a1519% 4w alladefinulugiae non seizure free

Engel Classification, n (%)

Factor Engel Il Engel IV

(n=3) (n=4)

Bilateral HS 1 (33) 1 (25)
Hx of CNS infection 2 (66) 2 (50)
non lateralization of EEG 3 (100) 3(75)
Poor compliance 3 (100) 3(75)

EEG=electroencephalogram, HS=hippocampal sclerosis

come) Hatladefinunnd o ldud Aala s we
Tunislderuazfnnineinis  uazdayaninw
anARBAUaINs 13AT1zlARNN13RIIeRARTN
panlWi noe (Prolonged VDO EEG monitoring)
fasusesasnn A nshaUszYimedmdeluszuy
Usz M “1mna1e (CNS infection) NBWNIAR WAS
Ne15 mWﬁWUiaafiﬂﬁgﬂ 2 719289 hippocampus ﬁ

[El’i?ﬁ]v[,[;fﬁﬂﬂ MRI F9R15199 4

anusiswa

éﬂ@’ﬂaﬂﬁﬂawﬁ'ﬂ 311A172 Mesial temporal lobe

'
I v

. [J ad 3 =
epilepsy (MTLE) WuawiwnInNaasaenwin® 49
@ d o Y o v
L‘lJ%“n“ni’]‘Uﬂ%sL%‘Ufﬂi]U%’J’]LL%’J‘V]’Nﬂ’]iiﬂH’]‘ﬁﬂﬂ
WONIINAS IR REN ABN15H6RSN¥ IAeSs tem-

L1112 & 9 &
poral lobe resection ‘H%GGL% NUABRRANABINTICH
N’]'«J’mkﬂ Hippocampal sclerosis wWvinneaaenis
o a =) X . ) o |
InNw1 A8 US1AINZY disabling seizure 113 INA

1 Yo ° vl al] v 1= 3
nsznusianslagiauszdisagiae lnefilasintie aura

1 [=1

WUIIHBRIINTITHI82IAAINDINSTN (seizure free)

RAIHIAR 09 50% LNaAA AN 81n15lUad o 5

' '
I =] =]

=1,2,5 v o ddo o
Y LLﬂSVLG]Naﬂ’]‘iﬂ'ﬂUﬂNﬂWiﬂﬂﬂﬂﬂ'ﬂLN'PJL‘Y]EI‘UH‘U

s v =] 1 d = 63 [ -
N193NWIAIBLUNEY E1LASINDLUBNITHIBRTNE

a

d v | a = v s CV [V 1
nAuAuaziinan I nldiuguaelmduwegng

7,8
ENT

nnsAnwizasszindlnglull 2004 lednis
3789% 86157 seizure free NAINIGR TwEUIE 42 518
a8l 90%31NN1ARRINDINTITZBINUIBLRRY 1.6 T

u
% o

1 3 =3 o dc (% .
HRAINTBIA uansu’mus[,uﬂ 2012 NFNYI 8R91 sei-

zure free RAINITHIGA temporal lobectomy Eluﬁjﬂﬂﬁl

'
o

Hippocampal sclerosis NUI1 BAST seizure free N 2
=] a A v s [ = 11 s
ﬂﬁﬁﬂﬂ’]ﬂgﬂ’)ﬁleiUﬂ’ﬁN’]mm agn 64% AT amI
seizure free tuszze1iaInguiengs heanulnd
o d a A v [ = 12
2018 1n5 Uﬁﬂﬂ*ﬂ’]ﬂﬂﬂ’«]&lL‘ZﬂiUﬂ’]’iN’]ﬁlﬂ agn 83%
lun1sAnunRaing Seizure free outcome M58z

181 2 U vaIn15esRegn 91.1% wazNszes 1381 5



Neurological Surgery
Vol. 11 No. 1 January - June 2020

27

U nasnIsensnagn 94.3% dalalIeunaunu Sei-
zure free outcome 31NN13ANWIAR ) Nag 1uz19 500 -

12T fsseziaanagnakes 5 U naon1swiae

80%
aziin Seizure free outcome 311N ANwWITL fiua Sei-
zure free outcome TALENAUNAINNITANWIEW T
LABFIIBITN

iladefivinlsianannisanlalad naadsn (Nega-
tive association with outcome) Anulunsnendt letud
anwlal s walwnisldetuazfinnisainis doya
AN aARdaIiueTn1s MAs1Elaannn1TReIa
fasuAdulndn woe (Prolonged VDO EEG monito-
ring) nsffiuse TR ieRmdaluszuudse m "mwnans
(CNS infection) fawd166 waswed nwiiwuses

TsAN9 2 919289 hippocampus 71833355270 MRI

suU

Haans289n153n w1 15A Hippocampal sclerosis b
lsaweguragwiasnsal saen1sdIaaAieaiuNg
AWB289N1TIAWN Hippocampal sclerosis Mmwn

gansunwlulagin

lon 159109V

1. Bien CG, Raabe AL, Schramm J, Becker A, Urbach H,
Elger CE. Trends in presurgical evaluation and surgi-
cal treatment of epilepsy at one centre from 1988-
2009. J Neurol Neurosurg Psychiatry 2013;84(1):
54-61. https://doi.org/10.1136/jnnp-2011-
301763.

2. deTisi J, Bell GS, Peacock JL, McEvoy AW, Harkness
WF, Sander JW, et al. The long-term outcome of adult
epilepsy surgery, patterns of seizure remission, and
relapse: a cohort study. Lancet 2011;378(9800):
1388-95. https://doi.org/10.1016/S0140-
6736(11)60890-8.

3. Engel J, McDermott MP, Wiebe S, Langfitt JT, Stern
JM, Dewar S, et al. Early surgical therapy for drug-

resistant temporal lobe epilepsy: a randomized trial.

10.

11.

JAMA 2012;307(9):922-30. https://doi.org/
10.1001/jama.2012.220

Engel J, Wiebe S, French J, Sperling M, Williamson P,
Spencer D, et al. Practice parameter. temporal lobe
and localized neocortical resections for epilepsy: re-
port of the Quality Standards Subcommittee of the
American Academy of Neurology, in association with
the American Epilepsy Society and the American As-
sociation of Neurological Surgeons. Neurology.
2003;60(4):538-47. https://doi.org/10.1212/
01.wnl.0000055086.35806.2d

. Jobst BC, Cascino GD. Resective epilepsy surgery for

drug-resistant focal epilepsy: a review. JAMA.
2015;313(3):285-93. https://doi.org/10.1001/
jama.2014.17426

Mathon B, Bedos Ulvin L, Adam C, Baulac M, Dupont
S, Navarro V, et al. Surgical treatment for mesial tem-
poral lobe epilepsy associated with hippocampal scle-
rosis. Rev Neurol (Paris) 2015;171(3):315-25.
https://doi.org/10.1016/j.neurol.2015.01.561
Spencer SS, Berg AT, Vickrey BG, Sperling MR, Bazil
CW, Haut S, et al. Health-related quality of life over
time since resective epilepsy surgery. Ann Neurol.
2007;62(4):327-334. https://doi.org/10.1002/
ana.21131

Wiebe S, Blume WT, Girvin JP, Eliasziw M, Effective-
ness, Efficiency of Surgery for Temporal Lobe Epi-
lepsy Study G. A randomized, controlled trial of sur-
gery for temporal-lobe epilepsy. N Engl J Med 2001,
345(5):311-8. https://doi.org/10.1056/
NEJM200108023450501

. Engel J, Van Ness PC, Rasmussen TB. Outcome with

respect to epileptic seizures. In: Engel J, editor. Sur-
gical Treatment of the Epilepsies. 2nd ed. New York:
Raven Press; 1993. p. 609-21.

Wieser HG, Blume WT, Fish D, Goldensohn E, Hufnagel
A, King D, et al. ILAE Commission Report. Proposal
for a new classification of outcome with respect to
epileptic seizures following epilepsy surgery. Epilepsia
2001;42(2):282-6.

Srikijvilaikul T, Lerdlum S, Tepmongkol S, Shuangshoti



28

915 1sUs: NAagA AS
Uni11 avun1 wn9ew - dguigy 2563

12.

S. Outcomes after temporal lobectomy for temporal
lobe epilepsy with hippocampal sclerosis. J Med Assoc
Thai 201 2;95(9):1 173-77.

Srikijvilaikul T, Limotai C. Long-term seizure outcomes
after temporal lobectomy for hippocampal sclerosis.

J Med Assoc Thai 2018;101(1):48-52.

13. Srikijvilaikul T, Bunyaratavej K, Deesudchit T,
Tepmongkol S, Lerdlum S, Locharernkul C. Outcome
after temporal lobectomy for hippocampal sclerosis:
Chulalongkorn Comprehensive Epilepsy Program

experiences. Neurology Asia 2004,9:127.



Neurological Surgery
Vol. 11 No. 1 January - June 2020

29

Principles of Spinal Biomechanical Testing

Qs ond S

Uazalg wia 3 A9A

nueUse MAFLAT A5

ASUNNEAT 15 gRasnsainn1inegas lsawgruiagmiasnsal

Introduction

The spine is a complex mechanical structure. Its
purpose is to protect the spinal cord and nerve roots
and transmit the weight of the upper body to the pelvis
while providing a high degree of flexibility to the body.
Spinal biomechanics is the study of how forces inter-
act with the spine. These forces can be internal (e.g.
imposed by muscles) or external (e.g.from trauma,
including surgical procedure). An understanding of spi—
nal biomechanics is essential for understanding most
areas of spinal surgery, especially spinal trauma and
spinal instrumentation. Additionally, advancements in
spinal procedures and novel treatment technologies
have been generated from biomechanical studies. This
article will break down spinal biomechanics and its
applications in two sections: the first section will cover
fundamental knowledge of biomechanics, and the sec-
ond section will cover basic types of biomechanical

testing.

Fundamental concepts and anatomy

The spine consists of discrete bony elements
(vertebrae) connected by ligaments, kept separated

by intervertebral discs and articulating joints, and moved

nmaalne

by muscular activations that are simultaneously con-
trolled by the nervous system. Spinal stability is main-
tained by these three mechanisms: 1. The muscu-
loskeletal system (active system), 2. The spinal col-
umn (passive system), and 3. The nervous system
(controlling the active system)1. Under physiologic con-
ditions, these three systems maintain mechanical sta-
bility while the spinal column is moving within a normal
range of motion. A three-dimensional Cartesian coor-
dinate system can be used to demonstrate how spinal
segments move with respect to three axes (X, Y, and
Z). This provides six potential spinal movements.
(table1). The spine is designed to physiologically ro-
tate around the three axes (X, Y, and Z). However,
translation along any axis is typically a non-physiologic
movement”.

The complex interrelationships of the spine can
be simplified by dividing the spinal column into small
units known as functional spinal units (FSU). An FSU
is comprised of a superior vertebra, an intervertebral
disc, an inferior vertebra, and an osteoligamentous
complex. Excluding the upper cervical spine (C1, C2),
a FSU is connected by 10 ligaments (Fig. 1), including

the anterior longitudinal ligament (ALL), the posterior
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Y

Facet joint capsule

Fig. 1 (Left) a functional spinal unit (FSU), ALL; ante-
rior longitudinal ligament.
PLL; posterior longitudinal ligament, LF; ligamen-
tum flavum, ITL; intertransverse ligament. (Right)

Three-dimensional axes of the spine.

PZ Failure |

Yield point

Stress
(Load)

| Young’s modulus= Stress/Strain |

Strain (Deformation)
Fig. 2 A load-deformation curve (Stress/Strain curve)
for a biological tissue such as a ligament.
NZ; neutral zone, EZ; elastic zone, PZ; plastic zone
(permanent deformation), Range of motion
(ROM)= NZ+EZ. (Adapted from White AA, Panjabi
MM: Clinical biomechanics of the Spine, 2nd ed.

Philadelphia, Lippincott Williams & Wilkins, 1990,
pal)

longitudinal ligament (PLL), the Ligamentum flavum
(LF), the interspinous ligament, the supraspinous liga-
ment, both sides of the intertransverse ligament (ITL)
(connect between the transverse process), and the
capsular ligaments (CL) of each facet joint. These liga-
ments serve to protect neural structures by restricting
the motion of each an FSU. The Ligamentum flavum is
the only spinal ligament which is primarily composed
of elastin, while the others are primarily collagenous.

Mechanically, spinal ligaments are viscoelastic
with non-linear elastic components. There are three
zones of the Load-deformation curve (Figure 2) which
correspond to different phenomena, ultimately leading
to tissue failure. If a load (moment or force) is applied
to an FSU, the unit first is displaced from a neutral
position to a position where resistance is encountered.
The initial lax region of the load-deformation curve is
termed the neutral zone (NZ) or lax zone. Within the
NZ, the spine can undergo relatively large motions while
requiring little muscular effort. The next zone is a stiffer
region, termed the elastic zone (EZ). The size of the
elastic zone depends on the elastic modulus of each
specific tissue. Within the FSU, elasticity is greater for
ligaments than it is for bone”.

The elastic modulus or Young’s modulus is the
amount of stress needed to produce a given strain
(the ratio of stress/strain) which is an inherent prop-
erty of any material. It is also known as the stiffness of

a material. From a biomechanical perspective, the com-

Table 1 Six potential movements of spine regarding three-dimensional axes.

Y-axis Z—-axis

X-axis
Rotation Flexion-extension
Translation Lateral translation

Right-Left axial rotation

Compression-distraction

Right-Left lateral bending

A-P translation
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bination of the NZ and the EZ is the range of motion
(ROM) of the spine. However, clinically, the ROM re-
fers to the maximum range the subject can move
through without pain. Once the maximum limit of EZ is
reached, any further stress results in a permanent, or
plastic deformity. This zone is termed the plastic zone
(PZ). The maximum limit of the elastic zone is also
known as “yield point”. If damage occurs at the liga-
ment or join capsules between FSUs, the spine seg-
ments reach a state of relative laxity, with an increased
NZ. The increase in the NZ is also known as “segmental

instability” .

Definition of stability and instability

Spinal stability has been defined through knowl-
edge gained via biomechanical studies. White et al®
defined spinal stability as, “the ability of the spine
under physiologic loads to limit patterns of displace-
ment in order not to damage or irritate the spinal cord
and nerve roots, in addition, to prevent incapacitating
deformity or pain caused by structural changes.” Simi-
larly, the American Academy of Orthopedic Surgeons
defined stability as, “The capacity of the vertebrae to
remain cohesive and to preserve normal displacements
in all physiological body movement,”4.

Clinical instability is not an all-or-none phenom-
enon, commonly occurring on a spectrum ranging from
stable to overtly unstable1. In biomechanics, the in-
stability can be abnormal in either quality (instrumen—
tal failure, or abnormal coupling patterns) or quantity
(increased motion). There are several testing options
to investigate the underlying mechanics of the spine.
Each test offers different information, so the appropri-

ate test is dependent on the experimental goals.

Biomechanical Testing Methods

1. Strength testing (Load-to-failure)

Strength testing is also known as load-to failure
testing. This study allows for the assessment of how
much force is required for spinal or instrumental fail-
ure. The test determines the load-bearing capacity of
the construct. In load-to-failure testing, the applied
load is gradually increased until the spine or spinal
construct fails. Photography and motion capture sys-
tems, i.e. electronic equipment that can analyze stress
and strain at the point of failure, may be employed to
assess the characteristics of failure. From this data,
the researcher can generate a load-deformation curve
and measure biomechanical parameters such as stiff-
ness or ultimate strength (the highest load endured
during failure). In addition, the way in which failure
occurs (e.g., screw pullout or screw breakage) is also
an important qualitative observation and maybe dis-
cernible from the acquired datas.

Strength testing is therefore useful to study the
mechanisms of spinal failure in spinal trauma, as well
as the integrity of spinal instrumentation.

Testing model: Different testing models can be
used to answer different research questions. Two com-
mon models are cadaveric tissue models and syn-
thetic models.

Example of research questions:

Using cadaveric models; The study investigated
which part of the cervical spine was more susceptible
to rotational failure. Thus, the researcher loaded the
entire cervical spine to failure during torsion. The speci-
mens always failed at C1 -2 first. After the failed level
was removed and the remaining cervical spine was re-
tested, the remaining specimens failed at a higher load

. . . 6
in the lower cervical region .
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Using synthetic models; They are commonly used
to determine the strength of a fixation device without
having confounding factors from cadaveric tissue. For
example, one study7 used plastic pucks as model of
vertebrae to compare 12 different types of pedicle
screw-rod and pedicle screw-plate construct.

2. Endurance testing (Fatigue testing)

Spinal fixation implants can loosen or fail when
they are subjected to repetitive forces, eventually leading
to failure from fatigue. Endurance or Fatigue testing is
used to determine the hardware susceptibility to dam-
age from fatigue. In fatigue testing, the construct is
usually cycled until it fails or until a clinically relevant
number of cycles are applied. The average spine is
exposed to one million to three million cycle per years.
Spinal implants are expected to maintain stability until
fusion is achieved, which generally occurs about six
months after surgery. In this time, substantial cyclical
loading can occur. Therefore, implants are typically
expected to withstand around one million cycles of a
normal load. Varying loads can be applied to establish
a load-fatigue relationship curve.

Fatigue tests should be taken into consideration
when designing and testing implants, however, the ex
vivo nature of cadaveric specimens (implant—bone in-
terface) is predisposed to break down, as it lacks the
remodeling capabilities of in vivo tissue. Therefore, fa-
tigue testing using a cadaveric model can only assess
early implant behavior and characteristics of failure.

Fatigue tests can be classified as either: 1) In-
termediate fatigue testing, or 2) Fatigue-to-failure
testing. The decision to use one test vs the other de-
pends on study design.

Testing models:

1. Intermediate fatigue testing is used as a

part of flexibility testing. Flexibility tests are performed
before and after fatigue is induced to show how much
stability is lost because of fatigue. This type of fatigue
is usually tested in animal and human cadaveric mod-
els as a part of flexibility testing.

2. Fatigue-to-failure testing typically uses
synthetic models (plastic pucks), which are also used
in load-to failure testing. In fatigue testing, a load is
selected that is below the ultimate strength of the con-
struct, determined by load-to failure testing. The model
may be cycled at the rate as high as 20 cycles per
second, depending on the standardized protocol being
used. Cycling continues until failure or until a pre-cho-
sen maximum number of cycles is reached (usually
1-10 million cycles)

Example of research questions:

1. Intermediate fatigue testing: Crawford et
al.” studied the differential biomechanical effects of
injury and wiring at C1-2. The human cadaveric CO-6
spines were tested via flexibility testing immediately
after injury, after posterior cable and graft fixation (C1 -
2 wiring alone), and after 6,000 cycles of fatigue test-
ing. Study outcomes supported the authors’ conclu-
sion that an interspinous cable-graft construct (C1 -2
wiring alone) should be accompanied by an adjunctive
stabilizing technique such as transarticular screw or a
halo brace to ensure C1-2 fusion.

2. Fatigue—to—-failure testing: Cunningham et
al’ utilized fatigue-to-failure testing in tandem with
load-to-failure testing, using a synthetic model, to
compare 12 different types of pedicle screw-rod and
pedicle screw-plate constructs. In fatigue-to-failure
assessments, the different types of constructs were
cycled for 1 million cycles at three different peak loads

to determine which type of constructs had adequate
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fatigue strength to endure each load.

3. Flexibility testing (Stability testing)

In flexibility testing, loads are applied to a cadav-
eric spine while corresponding displacements are re-
corded. Applied loads, which are designed to be well
below maximum allowable in vivo loads, are applied in
several directions of loading (e.g. flexion, extension,
lateral bending, and axial rotation). Additionally, these
directional loads can be applied across several surgi-
cal conditions in the same specimen. To acquire the
range of motion data, each spinal segment is instru-
mented with optical markers. Three-dimensional mo-
tion measurements (e.g.Optotrak 3020 system, North-
ern Digital, Waterloo, Ontario, Canada) are recorded
automatically at 2 Hz.(Fig. 3) Custom software then
converts marker coordinates into individual local coor-
dinate systems for each vertebra so that intervertebral
angular motion can be calculated'°. Surface strain can
also be recorded by surface strain gauges or digital
image correlation and tracking (DIC).

Testing models: Human cadaveric or animal mod-
els are typically used in spinal biomechanical testing.
Human cadaveric specimens are favored because their
anatomy and tissue properties are easily generalized,
elucidating spinal biomechanical mechanisms that
translate well to living human subjects.

Example of research questions: Many research
questions are about how much the spine moves during
different injuries or instrumentation conditions. For ex-
ample, in one study the researchers aimed to deter-
mine the relative amounts of movement at C1-C2 af-
ter instrumentation with various combinations of one
or two transarticular screws and a posterior cable-
secured graft”. The human cadaveric Occiput-C3

specimens were loaded nondestructively with pure

moments to induce flexion, extension, lateral bending,
and axial rotation while the range of motion data was
acquired from optical markers attached to specimens.
4. Modeling
The biomechanical tests described earlier are
usually enough to demonstrate the mechanical re-
sponse of the spine to varying directional loads. How-

ever, in some cases, questions about biomechanical

Fig. 3 Flexibility testing via the robotic testing frame of

the instrumented lumbosacral spine with an opti-
cal marker attached. Three-dimensional motion
measurements are recorded while testing. (Cour-
tesy of Spine biomechanics lab, Barrow Neuro-

logical Institute, Phoenix, AZ, USA)
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behavior may be impossible or too expensive to study
using common tests. For example, a researcher may
want to study a specific spinal deformity, osteoporotic
model, or specific ligament effect while preserving other
specific ligaments. In such cases, mathematical mod-
eling or finite element analysis can be used as more
feasible alternatives.

Finite -element modeling and analysis is the most
common computational method for modeling spinal
biomechanical behavior. Finite element modeling was

originally intended for use in structural engineering. Now

it is commonplace in many fields and has been used in
spinal biomechanical research for over two decades.
Finite element modeling spatially discretizes an input
spinal geometry into many cells, or “elements” to gen-
erate a mesh. These elements interact with each other
at junctions called “nodes”' 2. This technique can be
used to simulate a variety of clinical situations by al-
lowing the stresses, strains, and forces at any given
location to be calculated using a computer.

Testing model: Computerized mathematical model.

Example of research questions: Zhao et aI.1 8 in—-

Primary experimental goals

/\

Characterizing spinal

Understanding failure

response
Is an implant being
Motion Stress distribution studied? \
‘ Yes
- - No. No. / \
Isitp OSSIb.l eto m.odel Strength Endurance
pathology in specimens?
Yes
Is an implant being studied? Bone-implant Implant only
interface
‘ Yes No.
Apply
intermediate
fatigue test
v v v v v v
Flexibility test Finite Single load- Single load- Fatigue-to
(Cadaveric elements to-failure test to-failure test failure-test
model) model (cadaveric (synthetic (synthetic
model) model) model)

Fig. 4 Algorithm for choosing an biomechanical test appropriate to determine the desired information. ( Adapted from

Crawford NR. Advances in the understanding of spinal biomechanics through experimental research. Barrow Quar-

terly. 2002;18:4-10.)
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vestigated the effect of different lordotic angles on the
biomechanical behavior of the lumbar spine after TLIF
in L4-L5 fusion. Finite element models were designed
to test with different particular angles (57, 52, 47,
and 40 degrees). The study result showed that the
decrease in fused level lumbar lordosis generally in-

creased in adjacent segment range of motion.

Conclusion

Spinal biomechanics is the fundamental know-
ledge required for understanding most areas of spinal
surgery. A comprehensive understanding of biomechan-
ics has also been used to develop novel advanced tech-
nology in spinal instrumentation. Thus, it is worthwhile
for a spine surgeon to understand basic biomechanics
and biomechanical tests. There are many options for
testing in biomechanics including strength tests, flex-
ibility tests, fatigue tests and finite element computa-
tional modeling. Each technique offers different infor-
mation, therefore a researcher should select the ap-

propriate technique to serve their experimental goals

(Fig. 4).
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