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«“√ “√©∫—∫π’È¡’∫∑§«“¡‡°’Ë¬«°—∫°“√ºà“μ—¥√—°…“‚√§≈¡™—° 2

∫∑§«“¡ ‰¥â·°à‡√◊ËÕßº≈°“√ºà“μ—¥ ¡Õß°≈’∫ temporal ‚¥¬ πæ. «√—≠êŸ

»√’ ÿ«√√≥ ·≈–°“√ºà“μ—¥ corpus callosotomy ‚¥¬ πæ. Õ¥‘»—°¥‘Ï ·∑πªíôπ

πÕ°®“°π’È¬—ß¡’‡√◊ËÕßª√–‚¬™πå¢Õß Biomechanic study ÷́Ëß»÷°…“§«“¡

·¢Áß·√ß¢Õß°√–¥Ÿ° —πÀ≈—ß√«¡‰ª∂÷ß spinal instrument „π√Ÿª·∫∫μà“ßÊ

‚¥¬ πæ. ªî¬–≥—∞ À«—ß «— ¥‘Ï«ß»å ·≈– ÿ¥∑â“¬‡ªìπ‡√◊ËÕß¢Õß¿“«–‡Àπ◊ËÕ¬≈â“

„π°“√∑”ß“π¢Õß·æ∑¬åª√–®”∫â“πª√– “∑»—≈¬·æ∑¬å„π·ßà¢Õßªí®®—¬

‡ ’Ë¬ß·≈–°“√ªÑÕß°—π ‚¥¬ πæ. ≥—∞æß»å · ßªí¥ “

∑â“¬π’È°Õß∫√√≥“∏‘°“√„§√à¢Õ¢Õ∫§ÿ≥ºŸâπ‘æπ∏å∑ÿ°∑à“π∑’Ë‰¥â ≈–

‡«≈“‡¢’¬π∫∑§«“¡Õ—π¡’ª√–‚¬™πå‡æ◊ËÕ‡º¬·æ√à§«“¡√Ÿâ ŸàºŸâÕà“π √«¡∂÷ß

ºŸâ∑√ß§ÿ≥«ÿ≤‘∑ÿ°∑à“π∑’Ë‰¥â°√ÿ≥“ ≈–‡«≈“„π°“√μ√«® Õ∫·≈–°“√

¢—¥‡°≈“∫∑§«“¡„Àâ¡’§«“¡ ¡∫Ÿ√≥å¬‘Ëß¢÷Èπ·¡â„π™à«ß‡«≈“∑’Ë¡’°“√√–∫“¥

¢Õß‚√§μ‘¥‡™◊ÈÕ‰«√— ‚§‚√π“ 2019 ·≈–¢Õ‡ªìπ°”≈—ß„®„Àâ∑ÿ°∑à“πºà“π

™à«ß‡«≈“∑’Ë¬“°≈”∫“°π’È‰ª‰¥â¥â«¬¥’

π“¬·æ∑¬å°ƒ…≥æ—π∏å ∫ÿ≥¬–√—μ‡«™

(∫√√≥“∏‘°“√)

∫√√≥“∏‘°“√
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¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π·≈–ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß¢Õß·æ∑¬å
ª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„πª√–‡∑»‰∑¬

≥—∞æß»å · ßªí¥ “*

√ÿàß»—°¥‘Ï »‘«“πÿ«—≤πå*

*Àπà«¬ª√– “∑»—≈¬»“ μ√å ¿“§«‘™“»—≈¬»“ μ√å §≥–·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ Abstract

§«“¡‡ªìπ¡“:  ¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π (Job burnout) ‡°‘¥®“°°“√μÕ∫ πÕßμàÕ§«“¡‡§√’¬¥‡√◊ÈÕ√—ß

®“°°“√∑”ß“π ´÷Ëß°àÕ„Àâ‡°‘¥§«“¡√Ÿâ ÷°ÕàÕπ≈â“∑—Èß√à“ß°“¬ ®‘μ„® ·≈–Õ“√¡≥å ‚¥¬º≈‡ ’¬∑’Ë ”§—≠ §◊Õ ∑”„Àâ

§ÿ≥¿“æ„π°“√„Àâ∫√‘°“√≈¥≈ß À√◊Õ μË”°«à“¡“μ√∞“π ‡æ‘Ë¡§«“¡‡ ’Ë¬ß„π°“√‡°‘¥§«“¡º‘¥æ≈“¥∑“ß°“√·æ∑¬å

 ”À√—∫ª√–‡∑»‰∑¬ ¬—ß‰¡à¡’°“√»÷°…“„π·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈„π°“√»÷°…“

À“¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π ·≈–À“·π«∑“ßªÑÕß°—π°“√‡°‘¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π¢Õß·æ∑¬åª√–®”∫â“π

´÷Ëß®–‡ªìπº≈¥’μàÕ§ÿ≥¿“æ°“√„Àâ∫√‘°“√∑“ß°“√·æ∑¬å μ≈Õ¥®π‡ªìπ¢âÕ¡Ÿ≈„π°“√æ—≤π“°“√Ωñ°Õ∫√¡·æ∑¬å

ª√–®”∫â“πμàÕ‰ª

«—μ∂ÿª√– ß§å:  »÷°…“¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π·≈–ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß¢Õß·æ∑¬åª√–®”∫â“π “¢“ª√– “∑

»—≈¬»“ μ√å„πª√–‡∑»‰∑¬

«‘∏’°“√»÷°…“:  ‡ªìπ°“√»÷°…“‡™‘ßæ√√≥π“·∫∫¿“§μ—¥¢«“ß „π·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å

„πª√–‡∑»‰∑¬ ªï°“√»÷°…“ 2562 ‚¥¬„™â·∫∫ Õ∫∂“¡¢âÕ¡Ÿ≈ à«πμ—« ¢âÕ¡Ÿ≈ß“π ·≈–·∫∫«—¥¿“«–‡Àπ◊ËÕ¬≈â“„π

°“√∑”ß“π¢Õß·¡ ≈“™ (Maslach burnout inventory) ©∫—∫¿“…“‰∑¬ ‚¥¬„™â ∂‘μ‘ Chi-square test ·≈– Binary

logistic regression „π°“√«‘‡§√“–ÀåÕ‘∑∏‘æ≈¢Õßªí®®—¬μà“ßÊ μàÕ§–·ππ√–¥—∫§«“¡‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π√–¥—∫ Ÿß

(high burnout) „π·μà≈–¥â“π

º≈°“√»÷°…“:  ·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„πª√–‡∑»‰∑¬ μÕ∫·∫∫ Õ∫∂“¡°≈—∫∑—ÈßÀ¡¥

71 ™ÿ¥ (√âÕ¬≈– 55.04) ‡ªìπ‡æ»™“¬ 51 √“¬ (√âÕ¬≈– 71.8) ‡æ»À≠‘ß 20 √“¬ (√âÕ¬≈– 28.2) Õ“¬ÿ‡©≈’Ë¬

29.69 ªï ( à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π 2.67 ªï) √–¬–‡«≈“‡©≈’Ë¬„π°“√ª√–°Õ∫«‘™“™’æ·æ∑¬å 5.44 ªï ( à«π‡∫’Ë¬ß

‡∫π¡“μ√∞“π 1.90 ªï) ‚¥¬ à«π„À≠à·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å ¡’¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π

¥â“π§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å Ÿß (Emotional Exhaustion) √âÕ¬≈– 54.9 ¥â“π°“√≈¥§«“¡‡ªìπ∫ÿ§§≈ Ÿß (Deper-

sonalization) √âÕ¬≈– 46.5 ·≈–¥â“π§«“¡ ”‡√Á® à«π∫ÿ§§≈ Ÿß (Personal Accomplishment) √âÕ¬≈– 91.6

·≈–‡¢â“‡°≥±å¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π√–¥—∫ Ÿß ®”π«π 3 √“¬ (√âÕ¬≈– 4.23) ‚¥¬æ∫ªí®®—¬∑’Ë¡’§«“¡

 —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ §◊Õ §«“¡√Ÿâ ÷°μàÕ¿“√–ß“ππÕ°‡«≈“√“™°“√∑’Ë¡“° OR=6.32 (95% CI 1.27-

31.58; p<0.05)
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 √ÿª:  ·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„πª√–‡∑»‰∑¬ æ∫¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π¥â“π§«“¡

ÕàÕπ≈â“∑“ßÕ“√¡≥å„π√–¥—∫ Ÿß °“√≈¥§«“¡‡ªìπ∫ÿ§§§≈„π√–¥—∫ Ÿß ·μà¡’§«“¡ ”‡√Á® à«π∫ÿ§§≈„π√–¥—∫ Ÿß ‚¥¬¡’

§«“¡ —¡æ—π∏åÕ¬à“ß¬‘Ëß°—∫§«“¡√Ÿâ ÷°μàÕ¿“√–ß“ππÕ°‡«≈“√“™°“√∑’Ë¡“° Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ÷́ËßÀ“°¡’°“√

»÷°…“‡æ‘Ë¡‡μ‘¡ Õ“®¡’ à«π™à«¬ªÑÕß°—πÀ√◊Õ≈¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π‰¥â

§” ”§—≠ : ‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π ·æ∑¬åª√–®”∫â“π ª√– “∑»—≈¬»“ μ√å ‰∑¬

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 physicianûs 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 29.69±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% CI 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

∫∑π”

¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π (Job burnout) À√◊Õ

¿“«–À¡¥‰ø ‡ªìπ¿“«–∑“ß®‘μ«‘∑¬“Õ¬à“ßÀπ÷Ëß ´÷Ëß‡°‘¥

®“°°“√μÕ∫ πÕßμàÕ§«“¡‡§√’¬¥‡√◊ÈÕ√—ß®“°°“√∑”ß“π1

°àÕ„Àâ‡°‘¥§«“¡√Ÿâ ÷°ÕàÕπ≈â“∑—Èß√à“ß°“¬ ®‘μ„® ·≈–Õ“√¡≥å

¡—°æ∫„πÕ“™’æ∫√‘°“√ À√◊Õ≈—°…≥–ß“π∑’ËμâÕß„Àâ∫√‘°“√

À√◊ÕÕ“™’æ∑’ËμâÕß∑”ß“π‡°’Ë¬«¢âÕß°—∫ºŸâ§π‡ªìπ‡«≈“π“π

∫ÿ§§≈∑’Ë¡’¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π‡√◊ÈÕ√—ß Õ“®‡°‘¥

§«“¡‡ª≈’Ë¬π·ª≈ß‰¥â∑—Èß∑“ß√à“ß°“¬ ®‘μ„®·≈–æƒμ‘°√√¡

μ≈Õ¥®π àßº≈‡ ’¬2 ‡™àπ ¢“¥§«“¡°√–μ◊Õ√◊Õ√âπ·≈–§«“¡
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 π„®„π°“√∑”ß“π ¡’ à«π√à«¡„πß“ππâÕ¬≈ß ¢“¥§«“¡

§‘¥√‘‡√‘Ë¡∑’Ë®–æ—≤π“ ‘Ëß„À¡àÊ „π°“√∑”ß“π ‡°‘¥ªí≠À“

°—∫‡æ◊ËÕπ√à«¡ß“π ·¬°μ—«®“°‡æ◊ËÕπ√à«¡ß“π ¢“¥ß“π∫àÕ¬

·≈–Õ“®√ÿπ·√ß∂÷ß¢—Èπ≈“ÕÕ°®“°ß“π‰¥â3 ‚¥¬‡©æ“–„πß“π

∫√‘°“√∑“ß°“√·æ∑¬å º≈‡ ’¬∑’Ë ”§—≠¢Õß¿“«–‡Àπ◊ËÕ¬≈â“

„π°“√∑”ß“π §◊Õ ∑”„Àâ§ÿ≥¿“æ„π°“√„Àâ∫√‘°“√≈¥≈ß

À√◊Õ μË”°«à“¡“μ√∞“π4 ‡æ‘Ë¡§«“¡‡ ’Ë¬ß„π°“√‡°‘¥§«“¡º‘¥

æ≈“¥∑“ß°“√·æ∑¬å ´÷Ëß‡ªìπº≈‡ ’¬μàÕ§«“¡ª≈Õ¥¿—¬¢Õß

ºŸâªÉ«¬‰¥â·≈–Õ“®®–‡°‘¥§«“¡ —¡æ—π∏å∑’Ë‰¡à¥’√–À«à“ß

·æ∑¬åºŸâ√—°…“°—∫ºŸâªÉ«¬À√◊Õ≠“μ‘ºŸâªÉ«¬‰¥â ´÷Ëß‡ªìπº≈π”‰ª

 Ÿà°“√‰¡à‡¢â“„®°—π·≈–Õ“®®–‡°‘¥°“√øÑÕß√âÕßμ“¡¡“5,6

·æ∑¬åª√–®Ì“∫â“π “¢“ª√– “∑»—≈¬»“ μ√å §◊Õ

·æ∑¬å∑’Ë Ì“‡√Á®°“√»÷°…“À≈—° Ÿμ√·æ∑¬»“ μ√å∫—≥±‘μ

·≈–‡¢â“√—∫°“√Ωñ°Õ∫√¡μàÕ„πÀ≈—° Ÿμ√‡©æ“–∑“ß‚√§

∑“ß»—≈¬°√√¡‡°’Ë¬«°—∫√–∫∫ª√– “∑·≈–‰¢ —πÀ≈—ß ‚¥¬

∑—Ë«‰ª‡ªìπ∑’Ë¬Õ¡√—∫°—π«à“°“√»÷°…“„π√–¥—∫·æ∑¬åª√–®”

∫â“π‡ªìπ™à«ß∑’Ë¡’§«“¡‡§√’¬¥·≈–§«“¡°¥¥—π Ÿß7,8

‡π◊ËÕß®“°¡’ªí®®—¬∑’Ë°àÕ„Àâ‡°‘¥§«“¡‡§√’¬¥ §«“¡°¥¥—π„π

À≈“¬Ê ¥â“π ¡’™—Ë«‚¡ß°“√∑”ß“ππ“π·≈–μâÕß√—∫º‘¥™Õ∫

ß“πÀ≈“¬Ê ¥â“π ªí®®—¬‡À≈à“π’ÈÕ“®®–∑”„Àâ‡°‘¥¿“«–

‡Àπ◊ËÕ¬≈â“μàÕß“π ·≈– àßº≈μàÕ§«“¡ “¡“√∂„π°“√

ªØ‘∫—μ‘ß“π °“√μ—¥ ‘π„® ·≈–„Àâ°“√√—°…“∑’Ë¡’§«“¡ ≈—∫

´—∫´âÕπ·≈–Õ“® àßº≈μàÕ°“√ªØ‘∫—μ‘ß“π‡ªìπª√– “∑

»—≈¬·æ∑¬å9-11 ¿“¬À≈—ß®“°®∫°“√»÷°…“‰ª·≈â« ¥â«¬‡Àμÿ

π’È ªí≠À“‡√◊ËÕß¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π„π·æ∑¬å

ª√–®”∫â“π ®÷ß‡ªìπ‡√◊ËÕß∑’Ë¡’§«“¡ π„®·≈–∑”°“√»÷°…“

°—πÕ¬à“ßμàÕ‡π◊ËÕß„πμà“ßª√–‡∑» ·μà ”À√—∫„πª√–‡∑»‰∑¬

¬—ß‰¡à‡§¬¡’ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫¿“«–‡Àπ◊ËÕ¬≈â“„π°“√

∑”ß“π ·≈–ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß¢Õß·æ∑¬åª√–®”∫â“π “¢“

ª√– “∑»—≈¬»“ μ√å¡“°àÕπ

®“°§«“¡ ”§—≠¥—ß°≈à“«¢â“ßμâπ §≥–«‘®—¬®÷ß‡ÀÁπ

§«“¡ ”§—≠·≈–®”‡ªìπ„π°“√»÷°…“¿“«–‡Àπ◊ËÕ¬≈â“„π

°“√∑”ß“π ·≈–ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß¢Õß·æ∑¬åª√–®”∫â“π

 “¢“ª√– “∑»—≈¬»“ μ√å ‡æ◊ËÕ„Àâ  “¡“√∂∑”°“√

æ¬“°√≥å·π«‚πâ¡°“√‡°‘¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π

·≈– “¡“√∂„Àâ°“√¥Ÿ·≈√—°…“‰¥âÕ¬à“ß‡À¡“– ¡ ‡¡◊ËÕ‡°‘¥

¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π¥—ß°≈à“«·≈â« „πÕπ“§μÕ“®

®– “¡“√∂π”º≈¢Õß°“√»÷°…“π’È‰ªæ—≤π“·π«∑“ßÀ√◊Õ

¡“μ√∞“π°“√ àß‡ √‘¡À≈—° Ÿμ√·æ∑¬åª√–®”∫â“π “¢“

ª√– “∑»—≈¬»“ μ√åμàÕ‰ª‰¥â

«‘∏’°“√»÷°…“

‡ªìπ°“√»÷°…“‡™‘ßæ√√≥π“·∫∫ ”√«®¿“§μ—¥¢«“ß

(Descriptive cross sectional survey) ª√–™“°√„π°“√

»÷°…“ §◊Õ ·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å

∑ÿ°§π∑’Ë°”≈—ß»÷°…“Õ¬Ÿà„π™—Èπªï∑’Ë 1-5 ª√–®”ªï°“√»÷°…“

2562 ∑’Ë ¡—§√„®‡¢â“√à«¡°“√»÷°…“ ‚¥¬‡°Á∫√«∫√«¡

¢âÕ¡Ÿ≈®“°·∫∫ Õ∫∂“¡∑“ßÕ‘‡≈Á°∑√Õπ‘° å (Electronic

form) ∑’Ë‰¥â√—∫°“√μÕ∫°≈—∫®“°·æ∑¬åª√–®”∫â“π “¢“

ª√– “∑»—≈¬»“ μ√å μ—Èß·μà¡°√“§¡ 2563 ®π∂÷ß¡’π“§¡

2563

°“√¥”‡π‘πß“π«‘®—¬π’È  ‰¥âºà“π°“√æ‘®“√≥“

®√‘¬∏√√¡ß“π«‘®—¬®“°§≥–Õπÿ°√√¡°“√æ‘®“√≥“

‚§√ß°“√«‘®—¬¢Õß§≥–·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å

¡À“«‘∑¬“≈—¬ (À¡“¬‡≈¢ IRB 244/63)

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√«‘®—¬

·∫∫ Õ∫∂“¡∑’Ë„™â„π°“√√«∫√«¡¢âÕ¡Ÿ≈ ·∫àßÕÕ° ‡ªìπ

3  à«π ‰¥â·°à

 à«π∑’Ë 1 : ¢âÕ¡Ÿ≈ à«πμ—« ‰¥â·°à ‡æ» Õ“¬ÿ  ∂“π

¿“æ ¡√  °“√¡’∫ÿμ√ ®”π«π∫ÿμ√ √–¬–‡«≈“∑’Ëª√–°Õ∫

Õ“™’æ·æ∑¬å √“¬‰¥â∑—ÈßÀ¡¥μàÕ‡¥◊Õπ ¿“√–∑“ß§√Õ∫§√—«

ª√–«—μ‘‚√§∑“ß®‘μ‡«™À√◊Õ‡§¬ª√÷°…“ªí≠À“∑“ß®‘μ‡«™

§«“¡§‘¥Õ¬“°¶à“μ—«μ“¬ °“√ Ÿ∫∫ÿÀ√’Ë °“√¥◊Ë¡ ÿ√“À√◊Õ

‡§√◊ËÕß¥◊Ë¡·Õ≈°ÕŒÕ≈å∑ÿ°™π‘¥ °“√ÕÕ°°”≈—ß°“¬

 à«π∑’Ë 2 : ¢âÕ¡Ÿ≈ß“π ‰¥â·°à ™—Èπªï ®”π«π«—π„π°“√

ªØ‘∫—μ‘ß“ππÕ°‡«≈“ ¿“√–ß“π∑’Ë√—∫º‘¥™Õ∫ („π‡«≈“

√“™°“√·≈–πÕ°‡«≈“√“™°“√) §«“¡‡æ’¬ßæÕ¢Õß‡«≈“

„π°“√πÕπÀ≈—∫ §«“¡‡æ’¬ßæÕ¢Õß‡«≈“ à«πμ—« §«“¡æ÷ß

æÕ„®„π ‘Ëß·«¥≈âÕ¡∑“ß°“¬¿“æ §«“¡æ÷ßæÕ„®„π«‘™“™’æ
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§«“¡æ÷ßæÕ„®„π°“√Ωñ°Õ∫√¡ °“√§‘¥≈“ÕÕ°®“°°“√Ωñ°

Õ∫√¡ °“√‰¥â√—∫°“√ π—∫ πÿπ®“°‡æ◊ËÕπ√à«¡ß“π °“√‰¥â

√—∫°“√ π—∫ πÿπ®“°Õ“®“√¬å °“√¡’∑’Ëª√÷°…“‡¡◊ËÕ‡°‘¥

ªí≠À“„π°“√∑”ß“π

 à«π∑’Ë 3 : ·∫∫ Õ∫∂“¡‡æ◊ËÕ«—¥¿“«–§«“¡‡Àπ◊ËÕ¬

≈â“„π°“√∑”ß“π©∫—∫¿“…“‰∑¬ ÷́Ëß·ª≈¡“®“°·∫∫«—¥

Maslach burnout inventory (MBI) ‚¥¬  ‘√–¬“  —¡¡“

«“®17 ∑’Ë √â“ß¢÷Èπ‡æ◊ËÕ«—¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π MBI

π—∫«à“‡ªìπ‡§√◊ËÕß¡◊Õ¡“μ√∞“π (gold standard) ¢Õß°“√

«—¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π ¡’§ÿ≥¿“æ∑“ß«‘™“°“√ Ÿß

¡’‚§√ß √â“ß §«“¡μ√ß §«“¡‡™◊ËÕ∂◊Õ‰¥â·≈–„™â‰¥âßà“¬ ‰¥â

√—∫°“√¬Õ¡√—∫·≈–·ª≈‡ªìπ¿“…“μà“ßÊ ‡æ◊ËÕ„™â«‘®—¬„π

À≈“¬ª√–‡∑»23 ª√–°Õ∫‰ª¥â«¬§”∂“¡ 22 ¢âÕ ·∫àß‡°≥±å

„Àâ§–·ππ‡ªìπ 7 √–¥—∫ μ—Èß·μà‰¡à¡’§«“¡√Ÿâ ÷°‡™àππ—Èπ‡≈¬

®π∂÷ß√Ÿâ ÷°‡™àππ—Èπ∑ÿ°«—π ·≈–·∫àßº≈°“√ª√–‡¡‘πÕÕ°‡ªìπ

3 ¥â“π §◊Õ

ë ¥â“π§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å (Emotional ex-

haustion) À¡“¬∂÷ß §«“¡√Ÿâ ÷°«à“√—∫§«“¡°¥¥—π∑“ß

Õ“√¡≥å¡“°‡°‘π‰ª ·≈–¡’°“√≈¥≈ß¢Õß∑√—æ¬“°√∑“ß

Õ“√¡≥å¢Õß∫ÿ§§≈ √Ÿâ ÷°À¡¥æ≈—ß∑’Ë®–‡º™‘≠°—∫°“√∑”ß“π

·≈–°“√„Àâ∫√‘°“√μàÕºŸâ√—∫∫√‘°“√

ë ¥â“π°“√≈¥§«“¡‡ªìπ∫ÿ§§≈ (Depersonaliza-

tion) À¡“¬∂÷ß °“√¡’∑—»π§μ‘¥â“π≈∫μàÕºŸâ√—∫∫√‘°“√À√◊Õ

ß“π (cynicism) ‰¡à„ à„® ·≈–μÕ∫ πÕß„π≈—°…≥–

‡©¬‡¡¬À√◊Õ‡¬Áπ™“°—∫ºŸâ√—∫∫√‘°“√ ·≈–·¬°μ—«®“°ºŸâÕ◊Ëπ

´÷ËßÕ“®°≈“¬‡ªìπ°“√¡ÕßºŸâ√—∫∫√‘°“√‰¡à‡ªìπ¡πÿ…¬å (dehu-

manization)

ë ¥â“π°“√≈¥§«“¡ ”‡√Á® à«π∫ÿ§§≈ (Reduced

personal accomplishment) À¡“¬∂÷ß °“√≈¥≈ß¢Õß

§«“¡√Ÿâ ÷°«à“μπ¡’§«“¡ “¡“√∂·≈–ª√– ‘∑∏‘¿“æ„π°“√

∑”ß“π √Ÿâ ÷°«à“μπ‡Õß‰¡à¡’§«“¡ “¡“√∂∑’Ë®–™à«¬‡À≈◊Õ

À√◊Õ„Àâ∫√‘°“√·°àºŸâ√—∫∫√‘°“√‰¥â

‚¥¬«‘∏’°“√§‘¥§–·ππ§«“¡‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π

„π·μà≈–¥â“π®“° MBI ∑”‚¥¬°“√π—∫§–·ππ®“° §”∂“¡

·μà≈–¢âÕ ´÷Ëß„Àâ§–·ππ‡ªìπ§«“¡∂’Ë·∫∫ Likert Scale 7

√–¥—∫ μ—Èß·μà 0-6 §–·ππ‚¥¬‡√’¬ß®“° ç‰¡à‡§¬√Ÿâ ÷°‡™àπ

π—Èπé „Àâ§–·ππ 0 §–·ππ ‰ª®π∂÷ß ç√Ÿâ ÷°∑ÿ°Ê «—πé „Àâ

§–·ππ 6 §–·ππμ“¡≈”¥—∫ ·≈–∑”°“√√«¡§–·ππ∑’Ë‰¥â

¢Õß§”∂“¡„π·μà≈–¥â“π ‡ªìπ§–·ππ¿“«–‡Àπ◊ËÕ¬≈â“„π

°“√∑”ß“π„π·μà≈–¥â“π·≈– “¡“√∂π”¡“‡∑’¬∫‡ªìπ

√–¥—∫¢Õß§–·ππ„π·μà≈–¥â“π μ“¡‡°≥±å¢Õß√–¥—∫

¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π„π°≈ÿà¡∫ÿ§≈“°√∑“ß°“√

·æ∑¬å ¥—ß· ¥ß„πμ“√“ß∑’Ë 1

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈– ∂‘μ‘

„™â‚ª√·°√¡ IBM SPSS Statistic version 22 „™â ∂‘μ‘

‡™‘ßæ√√≥π“ «‘‡§√“–Àå¢âÕ¡Ÿ≈∑—Ë«‰ª, „™â ∂‘μ‘ Chi-square

test ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫≈—°…≥–¢âÕ¡Ÿ≈æ◊Èπ∞“π ∑’Ë‡ªìπ¢âÕ¡Ÿ≈

‡™‘ß°≈ÿà¡·≈–„™â ∂‘μ‘ Binary Logistic Regression „π

μ—«·ª√∑’Ë¡’§à“§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

‚¥¬æ‘®“√≥“«à“¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ‡¡◊ËÕ¡’§à“ p < 0.05 ‡æ◊ËÕ

À“ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫¿“«–‡Àπ◊ËÕ¬≈â“®“°°“√

∑”ß“π

º≈°“√»÷°…“«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å μÕ∫

·∫∫ Õ∫∂“¡°≈—∫∑—ÈßÀ¡¥ 71 ™ÿ¥ (√âÕ¬≈– 55.04) ÷́Ëß

·∫∫ Õ∫∂“¡∑—ÈßÀ¡¥ ¡∫Ÿ√≥å·≈–§√∫∂â«π ‡ªìπ‡æ»™“¬

51 √“¬ (√âÕ¬≈– 71.8) ‡æ»À≠‘ß 20 √“¬ (√âÕ¬≈– 28.2)

Õ“¬ÿ‡©≈’Ë¬ 29.69 ªï ( à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π 2.67 ªï)

¡’ ∂“π¿“æ‚ ¥ 55 √“¬ (√âÕ¬≈– 84.6) √–¬–‡«≈“„π

μ“√“ß∑’Ë 1 ‡°≥±å√–¥—∫¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π

¿“«–‡Àπ◊ËÕ¬≈â“ √–¥—∫§–·ππ¿“«–

„π°“√∑”ß“π¥â“π ‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π

 Ÿß °≈“ß μË”

§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å 27-54 19-26 0-18

°“√≈¥§«“¡‡ªìπ∫ÿ§§≈ 10-30 6-9 0-5

§«“¡ ”‡√Á® à«π∫ÿ§§≈ 0-33 34-39 40-48
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°“√ª√–°Õ∫«‘™“™’æ·æ∑¬å 5.44 ªï ( à«π‡∫’Ë¬ß‡∫π

¡“μ√∞“π 1.90 ªï) √“¬‰¥â‡©≈’Ë¬ 32,496 ∫“∑μàÕ‡¥◊Õπ

 à«π„À≠à‰¡à¡’¿“√–∑“ß§√Õ∫§√—« ¡’°“√ÕÕ°°”≈—ß°“¬

·≈– à«ππâÕ¬∑’Ë¡’ª√–«—μ‘∑“ß®‘μ‡«™À√◊Õ‡§¬ª√÷°…“ªí≠À“

∑“ß®‘μ‡«™·≈–‡§¬¡’§«“¡§‘¥Õ¬“°¶à“μ—«μ“¬  ”À√—∫

¢âÕ¡Ÿ≈ à«πμ—« ¥—ß· ¥ß„πμ“√“ß∑’Ë 2

 ”À√—∫¢âÕ¡Ÿ≈¥â“π°“√∑”ß“ππ—Èπ æ∫«à“  à«π„À≠à

Õ¬Ÿà‡«√‡©≈’Ë¬ 15.04 ‡«√/‡¥◊Õπ ¡’§«“¡√Ÿâ ÷°μàÕ¿“√–ß“π

∑—Èß„π‡«≈“√“™°“√·≈–πÕ°‡«≈“√“™°“√ Õ¬Ÿà„π√–¥—∫¡“°

·≈–À“°‡°‘¥ªí≠À“√–À«à“ß„π°“√∑”ß“π °Á¡’∑’Ëª√÷°…“

·μà¥â“π§«“¡‡æ’¬ßæÕ¢Õß‡«≈“„π°“√πÕπÀ≈—∫·≈–§«“¡

‡æ’¬ßæÕ¢Õß‡«≈“ à«πμ—« Õ¬Ÿà„π√–¥—∫πâÕ¬·≈–¥â“π§«“¡

‡æ’¬ßæÕ„®„π ‘Ëß·«¥≈âÕ¡∑“ß°“¬¿“æ, §«“¡‡æ’¬ßæÕ„®

„π«‘™“™’æ, §«“¡‡æ’¬ßæÕ„®„π°“√Ωñ°Õ∫√¡, °“√‰¥â√—∫

 π—∫ πÿπ®“°‡æ◊ËÕπ√à«¡ß“π·≈–°“√‰¥â√—∫ π—∫ πÿπ®“°

Õ“®“√¬å Õ¬Ÿà√–¥—∫ª“π°≈“ß ·≈–æ∫«à“§√÷ËßÀπ÷Ëß‡§¬¡’

§«“¡§‘¥≈“ÕÕ°®“°°“√Ωñ°Õ∫√¡  ”À√—∫¢âÕ¡Ÿ≈¥â“π°“√

∑”ß“π ¥—ß· ¥ß„πμ“√“ß∑’Ë 3

¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π (Job Burnout)

®“°°“√»÷°…“π’È æ∫«à“  à«π„À≠à·æ∑¬åª√–®”∫â“π

 “¢“ª√– “∑»—≈¬»“ μ√å ¡’¿“«–‡Àπ◊ËÕ¬≈â“„π°“√

√–¬–‡«≈“ª√–°Õ∫«‘™“™’æ

1-5 ªï 38 53.5

6-10 ªï 33 46.5

‡©≈’Ë¬ 5.44 Range 2-9

√“¬‰¥â‡©≈’Ë¬μàÕ‡¥◊Õπ (∫“∑)

20,000-30,000 16 22.5

30,001-40,000 39 54.9

40,001-50,000 16 22.6

‡©≈’Ë¬ 32,496 Range

20,000-50,000

¿“√–∑“ß§√Õ∫§√—«

πâÕ¬ 41 57.7

ª“π°≈“ß 27 38.0

¡“° 3 4.3

ª√–«—μ‘∑“ß®‘μ‡«™

¡’ 13 18.3

‰¡à¡’ 58 81.7

§«“¡§‘¥Õ¬“°¶à“μ—«μ“¬

¡’ 9 12.7

‰¡à¡’ 62 87.3

°“√ Ÿ∫∫ÿÀ√’Ë

 Ÿ∫ 10 14.1

‰¡à Ÿ∫ 61 85.9

°“√¥◊Ë¡ ÿ√“/·Õ≈°ÕŒÕ≈å

‰¡à¥◊Ë¡ 32 45.1

¥◊Ë¡ 39 54.9

 —ª¥“Àå≈– 1-2 «—π 35 49.3

 —ª¥“Àå≈– 3-4 «—π 2 2.8

 —ª¥“Àå≈– 5-6 «—π 2 2.8

°“√ÕÕ°°”≈—ß°“¬‡©≈’Ë¬ («—π/ —ª¥“Àå)

‰¡àÕÕ°°”≈—ß°“¬ 29 40.8

ÕÕ°°”≈—ß°“¬ 42 59.2

1 16 22.6

2 9 12.7

3 12 16.9

4 4 5.6

5 1 1.4

μ“√“ß∑’Ë 2 · ¥ß¢âÕ¡Ÿ≈ à«πμ—«

¢âÕ¡Ÿ≈ à«πμ—« ®”π«π √âÕ¬≈–

‡æ»

™“¬ 51 71.8

À≠‘ß 20 28.2

Õ“¬ÿ (ªï)

πâÕ¬°«à“ 30 ªï 38 53.5

30 ªï¢÷Èπ‰ª 33 46.5

‡©≈’Ë¬ 29.69 Range 26-39

 ∂“π¿“æ

‚ ¥ 55 84.6

 ¡√  10 15.4

μ“√“ß∑’Ë 2 (μàÕ) · ¥ß¢âÕ¡Ÿ≈ à«πμ—«

¢âÕ¡Ÿ≈ à«πμ—« ®”π«π √âÕ¬≈–
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∑”ß“π¥â“π§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å„π√–¥—∫ Ÿß (Emo-

tional exhaustion) √âÕ¬≈– 54.9 ¥â“π°“√≈¥§«“¡

‡ªìπ∫ÿ§§≈„π√–¥—∫ Ÿß (Depersonalization) √âÕ¬≈– 46.5

·≈–¥â“π§«“¡ ”‡√Á® à«π∫ÿ§§≈„π√–¥—∫ Ÿß (Personal ac-

complishment) √âÕ¬≈– 91.6 ‚¥¬¡’§–·ππ‡©≈’Ë¬„π

·μà≈–¥â“π ¥—ß· ¥ß„πμ“√“ß∑’Ë 4

æ∫·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„π

ª√–‡∑»‰∑¬ ¡’¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π„π√–¥—∫ Ÿß

μ“¡‡°≥±å¢Õß Maslach ‚¥¬§–·ππ¥â“π§«“¡ÕàÕπ≈â“

∑“ßÕ“√¡≥å Ÿß (Emotional exhaustion) ¥â“π°“√≈¥

§«“¡‡ªìπ∫ÿ§§≈ Ÿß (Depersonalization) ·≈–¥â“π§«“¡

 ”‡√Á® à«π∫ÿ§§≈μË” (Personal accomplishment) ®”π«π

μ“√“ß∑’Ë 3  · ¥ß¢âÕ¡Ÿ≈¥â“π°“√∑”ß“π

¢âÕ¡Ÿ≈¥â“π°“√∑”ß“π ®”π«π (√âÕ¬≈–) Õ—μ√“°“√μÕ∫°≈—∫

™—Èπªï

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

√«¡ 71 55.04

®”π«π‡«√ (‡«√/‡¥◊Õπ)

< 10 25 (35.2)

11-20 39 (54.9)

> 20 7 (9.9)

‡©≈’Ë¬ 15.04 Range 8-30

®”π«π (√âÕ¬≈–)

¡’ ‰¡à¡’

°“√§‘¥≈“ÕÕ°®“°°“√Ωñ°Õ∫√¡ 36 (50.7) 35 (49.3)

°“√¡’∑’Ëª√÷°…“‡¡◊ËÕ‡°‘¥ªí≠À“„π°“√∑”ß“π 64 (90.1) 7 (9.9)

πâÕ¬ ª“π°≈“ß ¡“°

§«“¡√Ÿâ ÷°μàÕ¿“√–ß“π („π‡«≈“√“™°“√) 1 (1.4) 33 (46.5) 37 (52.1)

§«“¡√Ÿâ ÷°μàÕ¿“√–ß“π (πÕ°‡«≈“√“™°“√) 1 (1.4) 28 (39.4) 42 (59.2)

§«“¡‡æ’¬ßæÕ¢Õß‡«≈“„π°“√πÕπÀ≈—∫ 57 (80.3) 13 (18.3) 1 (1.4)

§«“¡‡æ’¬ßæÕ¢Õß‡«≈“ à«πμ—« 56 (78.9) 15 (21.1) 0

§«“¡‡æ’¬ßæÕ„®„π ‘Ëß·«¥≈âÕ¡∑“ß°“¬¿“æ 25 (35.2) 43 (60.6) 3 (4.2)

§«“¡‡æ’¬ßæÕ„®„π«‘™“™’æ 3 (4.2) 38 (53.5) 30 (42.3)

§«“¡‡æ’¬ßæÕ„®„π°“√Ωñ°Õ∫√¡ 6 (8.5) 48 (67.6) 17 (23.9)

°“√‰¥â√—∫ π—∫ πÿπ®“°‡æ◊ËÕπ√à«¡ß“π 8 (11.3) 34 (47.9) 29 (40.8)

°“√‰¥â√—∫ π—∫ πÿπ®“°Õ“®“√¬å 20 (28.2) 37 (52.1) 14 (19.7)
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3 √“¬ (√âÕ¬≈– 4.23)

ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫¿“«–‡Àπ◊ËÕ¬≈â“„π°“√

∑”ß“π„π·μà≈–¥â“π ¥—ß· ¥ß„πμ“√“ß∑’Ë 5

¥â“π§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å

®“°°“√«‘‡§√“–Àå¥â«¬ ∂‘μ‘ Chi-square test æ∫«à“

§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å¡’§«“¡ —¡æ—π∏å°—∫À≈“¬Ê ªí®®—¬

´÷Ëßªí®®—¬¥—ß°≈à“«π—Èπ ‰¥â·°à °“√‡§¬¡’§«“¡§‘¥≈“ÕÕ°

®“°°“√Ωñ°Õ∫√¡ °“√‰¥â√—∫°“√ π—∫ πÿπ®“°Õ“®“√¬å

§«“¡‡æ’¬ßæÕ„®„π°“√Ωñ°Õ∫√¡ §«“¡‡æ’¬ßæÕ¢Õß‡«≈“

 à«πμ—« §«“¡√Ÿâ ÷°μàÕ¿“√–ß“ππÕ°‡«≈“√“™°“√ ·≈–

§«“¡‡æ’¬ßæÕ¢Õß‡«≈“„π°“√πÕπÀ≈—∫ ‚¥¬ªí®®—¬¥—ß

°≈à“«π—Èπ ¡’·π«‚πâ¡‡°‘¥§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å„π

√–¥—∫ Ÿß‰¥â

¥â“π°“√≈¥§«“¡‡ªìπ∫ÿ§§≈

®“°°“√«‘‡§√“–Àå¥â«¬ ∂‘μ‘ Chi-square test æ∫«à“

°“√≈¥§«“¡‡ªìπ∫ÿ§§≈¡’§«“¡ —¡æ—π∏å°—∫À≈“¬Ê ªí®®—¬

´÷Ëßªí®®—¬¥—ß°≈à“«π—Èπ ‰¥â·°à °“√‡§¬¡’§«“¡§‘¥Õ¬“°¶à“

μ—«μ“¬ °“√‰¥â√—∫ π—∫ πÿπ®“°Õ“®“√¬å∑’ËπâÕ¬ §«“¡

‡æ’¬ßæÕ„®„π°“√Ωñ°Õ∫√¡ ™—Èπªï ®”π«π‡«√ ‚¥¬ªí®®—¬¥—ß

°≈à“«π—Èπ ¡’¡’·π«‚πâ¡‡°‘¥°“√≈¥§«“¡‡ªìπ∫ÿ§§≈„π

√–¥—∫ Ÿß‰¥â

¥â“π§«“¡ ”‡√Á® à«π∫ÿ§§≈

®“°°“√«‘‡§√“–Àå¥â«¬ ∂‘μ‘ Chi-square test æ∫«à“

§«“¡ ”‡√Á® à«π∫ÿ§§≈¡’§«“¡ —¡æ—π∏å°—∫À≈“¬Ê ªí®®—¬

´÷Ëßªí®®—¬¥—ß°≈à“«π—Èπ ‰¥â·°à °“√¡’∑’Ëª√÷°…“‡¡◊ËÕ‡°‘¥ªí≠À“

„π°“√∑”ß“π §«“¡‡æ’¬ßæÕ„®„π ‘Ëß·«¥≈âÕ¡∑“ß°“¬¿“æ

§«“¡‡æ’¬ßæÕ„®„π«‘™“™’æ ‚¥¬ªí®®—¬¥—ß°≈à“«π—Èπ ¡’·π«

‚πâ¡‡°‘¥§«“¡ ”‡√Á® à«π∫ÿ§§≈„π√–¥—∫ Ÿß‰¥â

®“°°“√«‘‡§√“–Àå¥â«¬ ∂‘μ‘ Binary logistic regres-

sion æ∫«à“ ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫¿“√–‡Àπ◊ËÕ¬≈â“„π

°“√∑”ß“π√–¥—∫ Ÿß (High job burnout) „π·μà≈–¥â“π

Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ‰¥â·°à §«“¡√Ÿâ ÷°μàÕ¿“√–ß“π

πÕ°‡«≈“√“™°“√ ‡æ’¬ßªí®®—¬‡¥’¬«®“°°“√»÷°…“π’È ¥—ß

· ¥ß„πμ“√“ß∑’Ë 6

«‘®“√≥å

®“°º≈°“√»÷°…“æ∫«à“  à«π„À≠à·æ∑¬åª√–®”∫â“π

 “¢“ª√– “∑»—≈¬»“ μ√å„πª√–‡∑»‰∑¬ ¡’§«“¡ÕàÕπ≈â“

∑“ßÕ“√¡≥å„π√–¥—∫ Ÿß (√âÕ¬≈– 54.9) °“√≈¥§«“¡

‡ªìπ∫ÿ§§≈„π√–¥—∫ Ÿß (√âÕ¬≈– 46.5) ·μà§«“¡ ”‡√Á®

 à«π∫ÿ§§≈„π√–¥—∫ Ÿß (√âÕ¬≈– 91.6) · ¥ß„Àâ‡ÀÁπ«à“

 à«π„À≠à·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„π

ª√–‡∑»‰∑¬π—Èπ ·¡â®–√Ÿâ ÷°¡’§«“¡‡Àπ◊ËÕ¬≈â“ ÕàÕπ≈â“

√Ÿâ ÷°À¡¥æ≈—ß ·μà¬—ß√Ÿâ ÷°«à“μ—«‡Õß¡’§«“¡ “¡“√∂·≈–¡’

ª√– ‘∑∏‘¿“æ ́ ÷Ëß®–·μ°μà“ß®“°°“√»÷°…“„π À√—∞Õ‡¡√‘°“

¢Õß Frank ·≈–§≥–10 ∑’Ë¡’§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å„π

√–¥—∫ Ÿß (√âÕ¬≈– 45) °“√≈¥§«“¡‡ªìπ∫ÿ§§≈„π√–¥—∫ Ÿß

(√âÕ¬≈– 60) ·≈–§«“¡ ”‡√Á® à«π∫ÿ§§≈„π√–¥—∫μË”

(√âÕ¬≈– 34) ´÷Ëßπà“®–‡°‘¥®“°«—≤π∏√√¡¢Õß‰∑¬∑’Ë¡’°“√

™à«¬‡À≈◊Õ°—πÕ¬Ÿà‡ ¡Õ„π°“√∑”ß“π∑—Èß√–À«à“ß‡æ◊ËÕπ√à«¡

ß“π ª≈àÕ¬«“ßªí≠À“ßà“¬ Õ¥∑π·≈–ª√–π’ª√–πÕ¡

∑”„Àâ¡’§«“¡‡™◊ËÕ«à“¡—Ëπ„πμ—«‡Õß«à“ “¡“√∂®–∑”ß“π

Õ¬à“ß‡μÁ¡§«“¡ “¡“√∂À√◊Õ¡’ª√– ‘∑∏‘¿“æ„π ¿“«–

°¥¥—πμà“ßÊ ‰¥â¥’°«à“

μ“√“ß∑’Ë 4  · ¥ß¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π∑—Èß 3 ¥â“π

®”π«π (√âÕ¬≈–)
          ¿“«–‡Àπ◊ËÕ¬≈â“ Mean SD

√–¥—∫μË” √–¥—∫ª“π°≈“ß √–¥—∫ Ÿß

¥â“π§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å (n=71) 28.35 13.76 17 (23.9) 15 (21.1) 39 (54.9)

¥â“π°“√≈¥§«“¡‡ªìπ∫ÿ§§≈ (n=71) 12.38 7.37 20 (28.2) 18 (25.4) 33 (46.5)

¥â“π§«“¡ ”‡√Á® à«π∫ÿ§§≈ (n=71) 13.39 10.5 4 (5.6) 2 (2.8) 63 (91.6)
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«“√ “√ª√– “∑»—≈¬»“ μ√å

ªï∑’Ë 11 ©∫—∫∑’Ë 1 ¡°√“§¡ - ¡‘∂ÿπ“¬π 256310

μ“√“ß∑’Ë 6  · ¥ßªí®®—¬∑’Ë¡’º≈μàÕ√–¥—∫§–·ππ¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π√–¥—∫ Ÿß·μà≈–¥â“π ‚¥¬«‘∏’ Binary logistic Regression

§«“¡ÕàÕπ≈â“∑“ßÕ“√¡≥å °“√≈¥§«“¡‡ªìπ∫ÿ§§≈

                  ªí®®—¬ Adjusted OR p-value Adjusted OR p-value

(95% CI) (95% CI)

‡æ»

Õ“¬ÿ

 ∂“π¿“æ ¡√ 

√–¬–‡«≈“ª√–°Õ∫«‘™“™’æ

¿“√–∑“ß§√Õ∫§√—«

ª√–«—μ‘/ª√÷°…“ªí≠À“∑“ß®‘μ‡«™

§«“¡§‘¥Õ¬“°¶à“μ—«μ“¬

°“√ÕÕ°°”≈—ß°“¬

™—Èπªï°“√»÷°…“

§«“¡√Ÿâ ÷°μàÕ¿“√–ß“π„π‡«≈“√“™°“√

§«“¡√Ÿâ ÷°μàÕ¿“√–ß“ππÕ°‡«≈“√“™°“√

§«“¡‡æ’¬ßæÕ¢Õß‡«≈“„π°“√πÕπÀ≈—∫

§«“¡‡æ’¬ßæÕ¢Õß‡«≈“ à«πμ—«

§«“¡‡æ’¬ßæÕ„®„π ‘Ëß·«¥≈âÕ¡∑“ß°“¬¿“æ

§«“¡æÕ„®„π«‘™“™’æ

§«“¡‡æ’¬ß„®„π°“√Ωñ°Õ∫√¡

°“√§‘¥≈“ÕÕ°®“°°“√Ωñ°Õ∫√¡

°“√¡’∑’Ëª√÷°…“‡¡◊ËÕ‡°‘¥ªí≠À“„π°“√∑”ß“π

°“√‰¥â√—∫ π—∫ πÿπ®“°Õ“®“√¬å

°“√‰¥â√—∫ π—π πÿπ®“°‡æ◊ËÕπ√à«¡ß“π

OR=Odds Ration, Binary logistic Regression, * Significant different (p<0.05)

æ∫·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„π

ª√–‡∑»‰∑¬∑’Ë¡’¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π„π√–¥—∫ Ÿß

®”π«π 3 √“¬ (√âÕ¬≈– 4.23) ‡ªìπ·æ∑¬åª√–®”∫â“π

™“¬™—Èπªï∑’Ë 3  Õß√“¬ ·≈–Õ’°√“¬‡ªìπ·æ∑¬åª√–®”∫â“π

À≠‘ß™—Èπªï∑’Ë 2 ‚¥¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√»÷°…“¿“«–

‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π¢Õß·æ∑¬åª√–®”∫â“π “¢“

ª√– “∑»—≈¬»“ μ√å„π À√—∞Õ‡¡√‘°“9,10 æ∫«à“ §«“¡™ÿ°

¢Õß°“√‡°‘¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π¢Õß·æ∑¬å

ª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å„πª√–‡∑»‰∑¬ ‡°‘¥

¢÷ÈππâÕ¬°«à“ ‚¥¬°“√»÷°…“¢Õß Hakeem ·≈–§≥–9 ‡°‘¥

¢÷Èπ√âÕ¬≈– 36.5 ·≈–°“√»÷°…“¢Õß Frank ·≈–§≥–10 ‡°‘¥

¢÷Èπ√âÕ¬≈– 67 ·μà‡¡◊ËÕ‡∑’¬∫°—∫°“√»÷°…“¿“«–‡Àπ◊ËÕ¬≈â“

„π°“√∑”ß“π ·≈–ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß¢Õß·æ∑¬åª√–®”∫â“π

¢Õßª√–‡∑»‰∑¬ æ∫«à“ §«“¡™ÿ°¢Õß°“√‡°‘¥¿“«–

‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π¢Õß·æ∑¬åª√–®”∫â“π ‡°‘¥¢÷Èπ

„°≈â‡§’¬ß°—π ‚¥¬°“√»÷°…“¢Õß π“¬·æ∑¬å»√—≥¬å »√’§”

·≈–§≥–13 ‡°‘¥√âÕ¬≈– 5.63 ·≈–°“√»÷°…“¢Õß·æ∑¬å

À≠‘ß®“¡√’ ≥ ∫“ß™â“ß·≈–§≥–14 ‡°‘¥√âÕ¬≈– 6.13

ºŸâ«‘®—¬‰¥â√«∫√«¡·≈–∑∫∑«π«√√≥°√√¡∑’Ë»÷°…“

‡°’Ë¬«°—∫¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π·≈–ªí®®—¬∑’Ë

‡°’Ë¬«¢âÕß¢Õß·æ∑¬åª√–®”∫â“π∑—Èß„πª√–‡∑»·≈–μà“ß

ª√–‡∑» ‚¥¬ à«π„À≠à®–‡πâπ·æ∑¬åª√–®”∫â“π “¢“

0.462

0.264

0.554

0.250

0.325

0.556

0.080

0.537

0.603

0.583

0.159

0.468

0.764

0.204

0.915

0.921

0.603

0.354

0.257

0.925

0.63 (0.18-2.16)

0.70 (0.38-1.31)

0.58 (0.09-3.57)

0.05 (0.01-7.82)

2.16 (0.46-10.07)

0.39 (0.16-9.24)

4.48 (0.59-6.88)

1.22 (0.64-2.34)

1.19 (0.61-2.34)

1.44 (0.39-5.29)

2.61 (0.69-9.89)

1.79 (0.37-8.68)

0.76 (0.13-4.31)

2.81 (0.57-13.82)

1.08 (0.27-4.33)

0.92 (0.21-4.04)

0.65 (0.12-3.37)

0.28 (0.02-4.07)

0.47 (0.13-1.72)

0.95 (0.29-3.5)

0.264

0.162

0.158

0.576

0.175

0.364

0.486

0.250

0.885

0.378

0.025*

0.722

0.377

0.839

0.766

0.341

0.297

0.272

0.365

0.400

0.49 (0.14-1.70)

1.34 (0.89-2.01)

0.28 (0.5-1.64)

0.27 (0.03-4.27)

2.58 (0.65-10.18)

2.74 (0.31-24.16)

0.39 (0.03-5.38)

0.68 (0.36-1.30)

1.05 (0.51-2.14)

0.52 (0.12-2.20)

6.32 (1.27-31.58)

0.75 (0.16-3.59)

0.39 (0.05-3.07)

1.17 (0.25-5.47)

0.80 (0.18-3.44)

0.46 (0.9-2.24)

2.45 (0.45-13.28)

0.15 (0.01-4.41)

0.54 (0.14-2.06)

1.70 (0.49-5.85)
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ª√– “∑»—≈¬»“ μ√å ∑—Èß„π À√—∞Õ‡¡√‘°“  À√“™Õ“≥“®—°√

®’π·≈–≠’ËªÿÉπ  à«π„πª√–‡∑»‰∑¬¬—ß‰¡à¡’°“√»÷°…“„π

·æ∑¬åª√–®”∫â“π “¢“ª√– “∑»—≈¬»“ μ√å ®÷ß‰¥â∑”°“√

‡ª√’¬∫‡∑’¬∫‡©æ“–°“√»÷°…“„π·æ∑¬åª√–®”∫â“π„π

 “¢“μà“ßÊ ¥—ßμ“√“ß∑’Ë 7

§«“¡√Ÿâ ÷°μàÕ¿“√–ß“ππÕ°‡«≈“√“™°“√ ‡ªìπªí®®—¬

∑’Ë¡’§«“¡ —¡æ—π∏åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ‡π◊ËÕß®“°

≈—°…≥–°“√∑”ß“π¢Õß·æ∑¬åª√–®”∫â“π “¢“ª√– “∑

»—≈¬»“ μ√å∑’ËμâÕß∑”ß“πμàÕ‡π◊ËÕß°—π‡ªìπ‡«≈“π“π ·≈–¡’

°“√μâÕßªØ‘∫—μ‘ß“ππÕ°‡«≈“ ¡—°®–∑”„Àâ‡°‘¥§«“¡‡§√’¬¥

§«“¡°¥¥—π·≈–°àÕ„Àâ‡°‘¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π‰¥â

 à«πªí®®—¬Õ◊ËπÊ ∑’ËÕ“®®–¡’·π«‚πâ¡ àßº≈μàÕ¿“«–

‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π ‰¥â·°à °“√‡§¬§‘¥≈“ÕÕ°®“°

°“√Ωñ°Õ∫√¡ °“√‰¥â√—∫°“√ π—∫ πÿπ®“°Õ“®“√¬åπâÕ¬

§«“¡‡æ’¬ßæÕ„®„π°“√Ωñ°Õ∫√¡πâÕ¬ §«“¡√Ÿâ ÷°μàÕ¿“√–

ß“ππÕ°‡«≈“√“™°“√¡“° §«“¡‡æ’¬ßæÕ¢Õß‡«≈“„π°“√

πÕπÀ≈—∫πâÕ¬ ¡’§«“¡§‘¥Õ¬“°¶à“μ—«μ“¬ ™—Èπªï°“√

»÷°…“μâπÊ ®”π«π‡«√μàÕ‡¥◊Õπ¡“°·≈–§«“¡‡æ’¬ßæÕ„®

„π«‘™“™’æπâÕ¬ ‡ªìπμâπ ‚¥¬ªí®®—¬‡À≈à“π’È®“°„™â ∂‘μ‘ Chi-

square test ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫≈—°…≥–¢âÕ¡Ÿ≈‡∫◊ÈÕßμâπæ∫

«à“¡’§«“¡ —¡æ—π∏å°—π ·μà‡¡◊ËÕ„™â ∂‘μ‘ Binary Logistic Re-

gression ‡æ◊ËÕÀ“ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫¿“«–‡Àπ◊ËÕ¬

≈â“®“°°“√∑”ß“π ‰¡àæ∫«à“¡’π—¬ ”§—≠∑“ß ∂‘μ‘ ºŸâ«‘®—¬§‘¥

«à“‡π◊ËÕß®“°°“√»÷°…“π’È‡ªìπ°“√»÷°…“ ≥ ‡«≈“„¥‡«≈“Àπ÷Ëß

(cross sectional) ®÷ß‰¡à “¡“√∂ √ÿª‰¥â«à“ªí®®—¬π’È ‡ªìπ

‡ÀμÿÀ√◊Õ‡ªìπº≈®“°¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π ·μà

¢âÕ¡Ÿ≈π’È°ÁÕ“®¡’ª√–‚¬™πå„π°“√™à«¬√–∫ÿ°≈ÿà¡∑’Ë¡’§«“¡

‡ ’Ë¬ß„π°“√‡°‘¥¿“«–‡Àπ◊ËÕ¬≈â“„π°“√∑”ß“π√–¥—∫ Ÿß‰¥â

‚¥¬ √ÿª ¡’ªí®®—¬μà“ßÊ ∑’Ë¡’º≈μàÕ¿“«–‡Àπ◊ËÕ¬≈â“„π

°“√∑”ß“π„π¥â“πμà“ßÊ ¢Õß·æ∑¬åª√–®”∫â“π “¢“

ª√– “∑»—≈¬»“ μ√å„πª√–‡∑»‰∑¬ °“√‡¢â“„®ªí®®—¬‡À≈à“π’È
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∫∑§—¥¬àÕ 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 2013 and April 2019. Total callosotomy

was performed in 3 (17.6%) 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-

«—μ∂ÿª√– ß§å: °“√ºà“μ—¥ corpus callosotomy ‡ªìπ°“√ºà“μ—¥√—°…“ºŸâªÉ«¬‚√§≈¡™—°∑’Ë¥◊ÈÕμàÕ°“√√—°…“¥â«¬¬“

°—π™—°∑’Ë¡’ª√– ‘∑∏‘¿“æ ‚¥¬‡©æ“–Õ¬à“ß¬‘ËßºŸâªÉ«¬∑’Ë¡’Õ“°“√™—°·∫∫ drop attack ÷́Ëßß“π«‘®—¬π’È¡’‡ªÑ“À¡“¬„π°“√

»÷°…“º≈°“√ºà“μ—¥ corpus callosotomy ∑’Ë ∂“∫—πª√– “∑«‘∑¬“ °√¡°“√·æ∑¬å ∑’Ë‡ªìπ»Ÿπ¬å√–∫∫ª√– “∑ ‚√§≈¡™—°

„πª√–‡∑»‰∑¬

«‘∏’°“√»÷°…“: ‰¥â∑”°“√‡°Á∫¢âÕ¡Ÿ≈¬âÕπÀ≈—ß®“°·øÑ¡‡«™√–‡∫’¬πºŸâªÉ«¬∑’Ë‰¥â√—∫°“√ºà“μ—¥ corpus callosotomy

∑’Ë ∂“∫—πª√– “∑«‘∑¬“´÷ËßºŸâªÉ«¬μâÕß‰¥â√—∫°“√μ‘¥μ“¡º≈°“√ºà“μ—¥Õ¬à“ßπâÕ¬ 2 ªï »÷°…“º≈°“√ºà“μ—¥‚¥¬

æ‘®“√≥“¥â“πÕ°“√™—° √Ÿª·∫∫°“√™—° ·≈–Õ◊Ëπ Ê À≈—ß®“°°“√ºà“μ—¥ corpus callosotomy

º≈¢Õß°“√»÷°…“: ∑”°“√»÷°…“º≈°“√ºà“μ—¥„πºŸâªÉ«¬ 17 √“¬ μ—Èß·μà‡¥◊Õπ ¡°√“§¡ 2556 ∂÷ß ‡¡…“¬π

2562 ‚¥¬∑”°“√ºà“μ—¥ total corpus callosotomy 3 (17.6%) √“¬ º≈°“√ºà“μ—¥ æ∫ seizure free rate 33.3%

·≈–Õ“°“√™—°≈¥≈ß seizure reduction 66.6%  à«πº≈°“√ºà“μ—¥ partial corpus callosotomy æ∫«à“ seizure free

rate 14.3% ·≈–Õ“°“√™—°≈¥≈ß seizure reduction Õ¬Ÿà∑’Ë 85.7% ·≈–‰¡àæ∫°“√™—° drop attack ´È”∑—Èß°“√ºà“μ—¥

∑—Èß Õß«‘∏’

 √ÿª: ß“π»÷°…“«‘®—¬π’È‰¥â· ¥ß„Àâ‡ÀÁπ«à“°“√ºà“μ—¥ corpus callosotomy ‡ªìπ°“√√—°…“∑’Ë¡’ª√– ‘∑∏‘¿“æ„π

°“√√—°…“¿“«–‚√§≈¡™—°∑’Ë¥◊ÈÕμàÕ¬“°—π™—° ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√™—°·∫∫ drop attack Õ’°∑—Èß¬—ßæ∫«à“°“√ºà“μ—¥·∫∫

total corpus callosotomy ¡’ seizure free rate ∑’Ë¥’°«à“°“√ºà“μ—¥·∫∫ partial ·μàÕ¬à“ß‰√°Áμ“¡„π°“√»÷°…“æ∫

«à“°“√ºà“μ—¥∑—Èß ÕßÕ¬à“ß¡’ seizure reduction ∑’Ë‰¡à·μ°μà“ß·≈–‰¡à°“√°≈—∫¡“™—° È́”¢Õß drop attack Õ’°¥â«¬
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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.12 In this study, the term çdrop attacksé was

used to describe sharp falls instead of çastatic

seizuresé or çatonic seizuresé. 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.13 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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ferent from total corpus callosotomy; 2 (14.3%) pa-

tients were seizure free and 12 (85.7%) patients had

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.

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 4 9 - 16 18.75

Generalized tonic-clonic 1 4 5 - 10 10

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.13 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-

Figure 1 Comparison surgical outcomes between total and

partial corpus callosotomy
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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.16

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.11,17,18

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%).11 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.19

Recently, Maehara and Kawai independently em-

phasized that the extent of callosal section was sig-

nificantly related to seizure outcomes.13,20,21 Maehara

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-

zure outcome than anterior 1/2 callosotomy.18 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.23,24

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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Treatment outcome in hippocampal sclerosis with
intractable epilepsy after temporal lobe resection

in King Chulalongkorn Memorial Hospital

«√—≠¬Ÿ »√’ ÿ«√√≥

°ƒ…≥æ—π∏å ∫ÿ≥¬–√—μ‡«™

Àπà«¬ª√– “∑»—≈¬»“ μ√å ¿“§«‘™“ »—≈¬»“ μ√å

§≥–·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ Abstract

‚√§ hippocampal sclerosis ‡ªìπ “‡Àμÿ∑’Ëæ∫∫àÕ¬Õ—πÀπ÷Ëß¢Õß‚√§≈¡™—°∑’Ë¥◊ÈÕμàÕ¬“ ́ ÷Ëß°“√ºà“μ—¥ temporal lobe

resection π—∫‡ªìπ°“√√—°…“∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß·≈–„™â°—π·æ√àÀ≈“¬ „π°“√»÷°…“π’È®÷ß∑”‡æ◊ËÕ»÷°…“º≈≈—æ∏å¢Õß

°“√√—°…“‚¥¬°“√ºà“μ—¥¥—ß°≈à“«·≈–ªí®®—¬∑’Ë àßº≈≈∫μàÕ°“√√—°…“„π™à«ß 1 ¡°√“§¡ 2554 ∂÷ß 30 ¡‘∂ÿπ“¬π 2559

∑’Ë‚√ßæ¬“∫“≈®ÿÃ“≈ß°√≥å‚¥¬«‘∏’°“√ ◊∫§âπª√–«—μ‘¬âÕπÀ≈—ß º≈°“√»÷°…“¡’ºŸâªÉ«¬„π™à«ß‡«≈“¥—ß°≈à“«®”π«π 83 √“¬

‡ªìπ‡æ»À≠‘ß 47 √“¬·≈–‡æ»™“¬ 36 √“¬ ¡’§à“‡©≈’Ë¬¢ÕßÕ“¬ÿ∑’Ë‡√‘Ë¡¡’Õ“°“√™—° §◊Õ 13.71 ± 7.99 ªï §à“‡©≈’Ë¬¢Õß

Õ“¬ÿ∑’Ë‡¢â“√—∫°“√ºà“μ—¥§◊Õ 37.34 ± 10.52 ªï §à“‡©≈’Ë¬¢Õß°“√¡“μ‘¥μ“¡Õ“°“√¢ÕßºŸâªÉ«¬À≈—ßºà“μ—¥Õ¬Ÿà∑’Ë 3.25

±1.5 ªï ∑’Ë√–¬–‡«≈“μ‘¥μ“¡°“√√—°…“ 2 ªï¡’ºŸâªÉ«¬ 79 √“¬ ¡’º≈°“√√—°…“μ“¡ Engel classification I, II, III ·≈– IV

‡ªìπ 72 (91.1%), 3 (3.8%), 0 ·≈– 4 (5.1%) √“¬μ“¡≈”¥—∫ ªí®®—¬∑’Ëæ∫„πºŸâªÉ«¬∑’Ë¡’¬—ß¡’°“√™—°À≈—ßºà“μ—¥

‰¥â·°à §«“¡‰¡à ¡Ë”‡ ¡Õ„π°“√„™â¬“·≈–μ‘¥μ“¡Õ“°“√ §«“¡‰¡à Õ¥§≈âÕß°—π¢Õß¢âÕ¡Ÿ≈∑’Ë«‘‡§√“–‰¥â®“°°“√μ√«®

μ‘¥μ“¡§≈◊Ëπ‰øøÑ“ ¡Õß (Prolonged VDO EEG monitoring) °“√∑’Ë¡’ª√–«—μ‘ ‡§¬μ‘¥‡™◊ÈÕ„π√–∫∫ª√– “∑ à«π°≈“ß

(CNS infection) °àÕπºà“μ—¥ ·≈–æ¬“∏‘ ¿“æ∑’Ëæ∫√Õ¬‚√§∑—Èß 2 ¢â“ß¢Õß hippocampus ∑’Ëμ√«®‰¥â®“° MRI °≈à“«

‚¥¬ √ÿª°“√√—°…“∑’Ë‚√§≈¡™—°∑’Ë¥◊ÈÕμàÕ¬“∑’Ë¡’ “‡Àμÿ®“° hippocampal sclerosis ¡’º≈°“√√—°…“∑’Ë¥’·≈– “¡“√∂„™â

‡ªìπ¢âÕ¡Ÿ≈„π°“√„Àâ§”ª√÷°…“·°àºŸâªÉ«¬„π¿“«–π’È

§” ”§—≠: Hippocampal Sclerosis, Engelûs 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



Neurological Surgery
Vol. 11 No. 1 January - June 2020 23

∫∑π”

„πºŸâªÉ«¬‚√§≈¡™—°∑’Ë¥◊ÈÕμàÕ°“√√—°…“¥â«¬¬“ (medi-

cally intractable epilepsy) π—Èπ°“√ºà“μ—¥‰¥â‡¢â“¡“¡’

∫∑∫“∑ ”§—≠„π°“√√—°…“ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πºŸâªÉ«¬

Temporal lobe epilepsy ∑’Ë¡’ “‡Àμÿ¡“®“°¿“«– Hippoc-

ampal sclerosis ÷́Ëß¡’º≈°“√√—°…“¥â«¬°“√ºà“μ—¥∑’Ë

§àÕπ¢â“ß¥’ ≈¥Õ“°“√™—°À≈—ß®“°°“√ºà“μ—¥·≈–¡’§ÿ≥¿“æ

™’«‘μ∑’Ë¥’¢÷Èπ1-8

®÷ß‡ªìπ∑’Ë¡“¢Õßß“π«‘®—¬π’È∑’Ë®–»÷°…“º≈≈—æ∏å¢Õß°“√

√—°…“‚√§ Hippocampal sclerosis „π‚√ßæ¬“∫“≈

®ÿÃ“≈ß°√≥å¥â«¬°“√ºà“μ—¥·≈–‡ª√’¬∫‡∑’¬∫°—∫¡“μ√∞“π

 “°≈∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫„πªí®®ÿ∫—π √«¡∂÷ßªí®®—¬„π·ßà≈∫∑’Ë

®– àßº≈μàÕÕ—μ√“ seizure free Õ’°¥â«¬ ´÷Ëß®–‡ªìπª√–‚¬™πå

„π°“√„Àâ¢âÕ¡Ÿ≈·°àºŸâªÉ«¬‚√§≈¡™—° √«¡∂÷ß°“√æ—≤π“°“√

¥Ÿ·≈√—°…“ºŸâªÉ«¬‚√§≈¡™—°¥â«¬°“√ºà“μ—¥„Àâ°â“«Àπâ“¬‘Ëß

¢÷Èπ‰ª„πÕπ“§μ

«‘∏’°“√»÷°…“

¢âÕ¡Ÿ≈∑—ÈßÀ¡¥‰¥â®“°°“√∑∫∑«π‡«™√–‡∫’¬π ∑’Ë‰¥â

®“°»Ÿπ¬å¥Ÿ·≈ºŸâªÉ«¬‚√§≈¡™—°§√∫«ß®√ ‚√ßæ¬“∫“≈

®ÿÃ“≈ß°√≥å ∑’Ë√—°…“¥â«¬°“√ºà“μ—¥„π √æ.®ÿÃ“≈ß°√≥å

¥â«¬«‘∏’°“√ temporal lobectomy μ—Èß·μà 1 ¡°√“§¡ 2554

∂÷ß 30 ¡‘∂ÿπ“¬π 2559 ‚¥¬»—≈¬·æ∑¬å§π‡¥’¬« ‚¥¬

‡°≥±å°“√§—¥‡≈◊Õ°Õ“ “ ¡—§√‡¢â“√à«¡‚§√ß°“√«‘®—¬ (Inclu-

sion criteria) ‰¥â·°à

1. ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√«‘π‘®©—¬‚√§ Hippocampal

sclerosis ·≈–¬◊π¬—π¥â«¬º≈æ¬“∏‘«‘∑¬“

2. Õ“¬ÿ¢≥–‡¢â“√—∫°“√ºà“μ—¥μ—Èß·μà 16 ªï¢÷Èπ‰ª

3. √Ÿª·∫∫°“√™—°‡¢â“‰¥â°—∫ temporal lobe epi-

lepsy

4. ¡’Õ“°“√Õ¬à“ßπâÕ¬ 2 ªï

5. ‰¥â√—∫°“√√—°…“¥â«¬¬“°—π™—°Õ¬à“ßπâÕ¬ 2 ™π‘¥

¡’°“√‡°Á∫¢âÕ¡Ÿ≈ª√–‡¡‘π Õ—μ√“°“√À“¬™—° (Seizure

free outcome) À≈—ßºŸâªÉ«¬‡¢â“√—∫°“√√—°…“¥â«¬°“√ºà“μ—¥

∑’Ë 6 ‡¥◊Õπ, 12 ‡¥◊Õπ, 18 ‡¥◊Õπ, 24 ‡¥◊Õπ ·≈–  Ÿß ÿ¥∑’Ë

60 ‡¥◊Õπ μ“¡ Engelûs Classification9,10 º≈≈—æ∏å¢Õß°“√

√—°…“‡ªìπ Seizure free outcome §◊Õ ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√

®”·π°‡ªìπ Engel I μ“¡ Engelûs Classification À≈—ß

°“√ºà“μ—¥¥â«¬«‘∏’°“√ temporal lobectomy ∑’Ë√–¬–‡«≈“ 2

ªï À≈—ß°“√ºà“μ—¥ ·≈– ∑’Ë√–¬–‡«≈“ 5 ªï À≈—ßºà“μ—¥  à«π

Engel II, Engel III ·≈– Engel IV ‡ªìπ Non-Seizure free

·≈–¡’ ‡°≥±å°“√§—¥‡≈◊Õ°Õ“ “ ¡—§√ÕÕ°®“°‚§√ß°“√«‘®—¬

(Exclusion criteria) ‰¥â·°à

1. ¡’æ¬“∏‘ ¿“æÕ◊Ëπ Ê¢Õß ¡Õß√à«¡¥â«¬πÕ°

‡Àπ◊Õ®“° hippocampal sclerosis ‡™àπ cortical dyspla-

sia, developmental anomaly ‡ªìπμâπ

2. ¡’¿“«–∑“ß®‘μ‡«™

3. ‡§¬‰¥â√—∫°“√ºà“μ—¥∑“ß≈¡™—°Õ◊Ëπ Ê ¡“°àÕπ

4. ¡“μ‘¥μ“¡Õ“°“√∑’Ë»Ÿπ¬å¥Ÿ·≈ºŸâªÉ«¬‚√§≈¡™—°

πâÕ¬°«à“ 18 ‡¥◊Õπ

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 Engelûs

classification postoperative outcome were I, II, III and IV in 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, Engelûs Classification, Seizure free,Non-Seizure free, Mesial tem-

poral lobe epilepsy (MTLE), Anteromesial temporal lobectomy (AMTL)
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º≈°“√»÷°…“

®“°°“√√«∫√«¡¢âÕ¡Ÿ≈ ¡’ºŸâªÉ«¬„πß“π«‘®—¬π’È∑—Èß ‘Èπ 83

√“¬ æ∫«à“‡ªìπ‡æ»À≠‘ß 47 (56.7%) √“¬·≈–‡æ»™“¬

36 (43.3%) √“¬ ‚¥¬ºŸâªÉ«¬∂π—¥¡◊Õ¢«“, ∂π—¥¡◊Õ´â“¬

·≈–∂π—¥ Õß¡◊Õ®”π«π 73 (88%), 5 (6%) ·≈– 5

(6%) √“¬μ“¡≈”¥—∫ §à“‡©≈’Ë¬¢ÕßÕ“¬ÿ∑’Ë‡√‘Ë¡¡’Õ“°“√™—° §◊Õ

13.71 ± 7.99 ªï (™à«ß 1 ‡¥◊Õπ - 40 ªï) §à“‡©≈’Ë¬¢Õß

Õ“¬ÿ∑’Ë‡¢â“√—∫°“√ºà“μ—¥§◊Õ 37.34 ± 10.52 ªï (™à«ß 19-

60 ªï) √“¬≈–‡Õ’¬¥™à«ßÕ“¬ÿ· ¥ß„πμ“√“ß∑’Ë 1 ·≈– 2

§à“‡©≈’Ë¬¢Õß°“√¡“μ‘¥μ“¡Õ“°“√¢ÕßºŸâªÉ«¬À≈—ßºà“μ—¥Õ¬Ÿà∑’Ë

3.25 ± 1.5 ªï

®“°ºŸâªÉ«¬∑’Ë‡¢â“√—∫°“√ºà“μ—¥ temporal lobectomy

æ∫«à“¡’ Seizure free outcome ∑’Ë√–¬–‡«≈“ 2 ªï ·≈–∑’Ë

√–¬–‡«≈“ 5 ªïÀ≈—ß°“√ºà“μ—¥Õ¬Ÿà∑’Ë 91.1% ·≈– 94.3%

μ“¡≈”¥—∫ (μ“√“ß∑’Ë 3)

‡¡◊ËÕπ”ºŸâªÉ«¬°≈ÿà¡ Non-Seizure free ¡“∑”°“√

μ“√“ß∑’Ë 1 Õ“¬ÿ∑’Ë‡√‘Ë¡‡ªìπ‚√§≈¡™—°

 Õ“¬ÿ∑’Ë‡√‘Ë¡‡ªìπ‚√§≈¡™—° (ªï) n (%)

0-10 30 (36.1)

11-20 36 (43.4)

21-30 13 (15.7)

31-40 4 (4.8)

 Engel Classification of postoperative outcome

Class I 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 II 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 III 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

¿“æ∑’Ë 1 · ¥ß Engelûs Classification of postoperative outcome10

μ“√“ß∑’Ë 2 Õ“¬ÿ¢≥–√—∫°“√ºà“μ—¥

 Õ“¬ÿ¢≥–√—∫°“√ºà“μ—¥ (ªï) 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)
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«‘‡§√“–Àå‡æ‘Ë¡‡μ‘¡æ∫«à“

1. °≈ÿà¡ºŸâªÉ«¬ Engel II

„π°≈ÿà¡π’È¡’ºŸâªÉ«¬∑—ÈßÀ¡¥ 3 √“¬ ‚¥¬ æ∫«à“ 2 √“¬

‡§¬Õ¬Ÿà„π°≈ÿà¡ Engel I ∑’Ë 6 ‡¥◊ÕπÀ≈—ß°“√ºà“μ—¥ ·≈– 1

√“¬‡ªìπºŸâªÉ«¬„π°≈ÿà¡ Engel II μ≈Õ¥°“√μ‘¥μ“¡°“√√—°…“

‚¥¬ºŸâªÉ«¬∑—Èß 3 √“¬¡’ªí≠À“„π‡√◊ËÕß§«“¡ ¡Ë”‡ ¡Õ„π

°“√√—∫ª√–∑“π¬“

ºŸâªÉ«¬ 1 √“¬ ¡’ª√–«—μ‘‰¥â√—∫°“√«‘π‘®©—¬‡ªìπ‚√§‰¢â

 ¡ÕßÕ—°‡ ∫ (Encephalitis) ºŸâªÉ«¬ 1 √“¬ ¡’¿“«–À¬ÿ¥

À“¬„®À≈—ß§≈Õ¥√à«¡°—∫‡§¬μ‘¥‡™◊ÈÕ¡“≈“‡√’¬∑’Ë ¡Õß (Ce-

rebral Malaria) ºŸâªÉ«¬ 1 √“¬ ‡§¬¡’ª√–«—μ‘™—°®“°‰¢â Ÿß

„π«—¬‡¥Á°

πÕ°®“°π’ÈÀ“°æ‘®“√≥“‡√◊ËÕßº≈°“√μ√«® Prolonged

VDO EEG monitoring ·≈–º≈°“√μ√«®¥â«¬ MRI æ∫«à“

ºŸâªÉ«¬√“¬∑’Ë 1 ¡’ Bilateral Hippocampal Sclerosis ‚¥¬

æ∫«à“¢â“ß´â“¬ΩÉÕ°«à“¢â“ß¢«“·≈–¢âÕ¡Ÿ≈ ®“° Prolonged

VDO EEG monitoring æ∫«à“ ictal EEG ÕÕ°®“° temporal

region ¢â“ß ấ“¬∑—ÈßÀ¡¥ (5 §√—Èß) ·μà clinical semiology

‰¡à “¡“√∂ lateralize ‰¥â  ÿ¥∑â“¬ºŸâªÉ«¬‰¥â√—∫°“√ºà“μ—¥ Left

anteromesial temporal lobectomy

ºŸâªÉ«¬√“¬∑’Ë 2 ‰¥â√—∫°“√«‘π‘®©—¬ Right Hippocam-

pal Sclerosis º≈ Prolonged VDO EEG monitoring æ∫«à“

 “¡“√∂ lateralize ictal EEG ®“° temporal region ¢â“ß

¢«“‰¥â∑—ÈßÀ¡¥ (4 §√—Èß) ·μà®“° clinical semiology ‡ªìπ

non-lateralization ∂÷ß 2 ®“° 4 §√—Èß

ºŸâªÉ«¬√“¬∑’Ë 3 ‰¥â√—∫°“√«‘π‘®©—¬ Left Hippocampal

μ“√“ß∑’Ë 3  · ¥ß Seizure outcome μ“¡™à«ß∑’Ë¡“μ‘¥μ“¡Õ“°“√

Engel Classification, n (%)
√–¬–‡«≈“μ‘¥μ“¡ (‡¥◊Õπ) Total

I II III IV

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

Sclerosis μ√«® Prolonged VDO EEG monitoring æ∫

«à“ “¡“√∂ lateralize ictal EEG ®“° temporal region

¢â“ß´â“¬ ‰¥â 6 ®“° 7 §√—Èß ·≈– ÕÕ°®“°Ωíòß¢«“ 1 ®“° 7

§√—Èß ‚¥¬®“° clinical semiology ∑’Ë· ¥ßÕ“°“√®“°¢â“ß ấ“¬

·≈–¢«“Õ¬à“ß≈– 1 ®“° 7 §√—Èß ‡ªìπ non-lateralization 5

®“° 7 §√—Èß

2. °≈ÿà¡ºŸâªÉ«¬ Engel III

ºŸâªÉ«¬„π°≈ÿà¡π’È¡’‡æ’¬ß 1 √“¬π’È ‚¥¬‰¥â∂Ÿ°®”·π°Õ¬Ÿà

„π°≈ÿà¡ Engel III 1 §√—Èß®“°°“√μ‘¥μ“¡Õ“°“√∑’Ë 6 ‡¥◊Õπ

À≈—ß‡¢â“√—∫°“√ºà“μ—¥ ́ ÷Ëß‡¡◊ËÕμ‘¥μ“¡Õ“°“√¢ÕßºŸâªÉ«¬ √“¬π’È

∑’Ë 12 ‡¥◊Õπ, 18 ‡¥◊Õπ, 24 ‡¥◊Õπ ·≈– 60 ‡¥◊Õπ æ∫«à“

‰¡à‰¥â¡’Õ“°“√™—°°≈—∫¡“Õ’° ·≈–‰¥â®”·π°‰ªÕ¬Ÿà„π°≈ÿà¡

Engel I ‡ªìπºŸâªÉ«¬ Seizure free „π∑’Ë ÿ¥

3. °≈ÿà¡ºŸâªÉ«¬ Engel IV

„π°≈ÿà¡π’È¡’ºŸâªÉ«¬∑—ÈßÀ¡¥ 5 √“¬ ‚¥¬∑’Ë 4 √“¬ ∑’Ë∂Ÿ°

®”·π°Õ¬ŸàÕ¬Ÿà„π°≈ÿà¡ Engel IV μ≈Õ¥°“√μ‘¥μ“¡ °“√

√—°…“·≈–∑’Ë‡À≈◊Õ 1 √“¬ ∂Ÿ°®”·π°‡ªìπ Engel IV „π¿“¬

À≈—ß∑’Ë 18 ·≈– 24 ‡¥◊Õπ À≈—ß°“√√—°…“ (Engel I ∑’Ë 6

‡¥◊ÕπÀ≈—ß√—°…“·≈– Engel II ∑’Ë 12 ‡¥◊Õπ À≈—ß√—°…“)

„πºŸâªÉ«¬ 4 √“¬ ∑’ËÕ¬Ÿà„π°≈ÿà¡ Engel IV μ≈Õ¥°“√

μ‘¥μ“¡æ∫«à“ºŸâªÉ«¬ 1 √“¬ ∑’Ë‰¡à¡’ª√–«—μ‘∫—π∑÷°„π‡«™

√–‡∫’¬π ºŸâªÉ«¬ 2 √“¬ ‡§¬¡’ª√–«—μ‘‡ªìπ‚√§‰¢â ¡Õß Õ—°‡ ∫

(Encephalitis) μ—Èß·μà„π«—¬‡¥Á° ºŸâªÉ«¬ 3 √“¬ ¡’

ªí≠À“„π‡√◊ËÕß°“√¡“√—∫¬“ ·≈–°“√√—∫ª√–∑“π¬“Õ¬à“ß

 ¡Ë”‡ ¡Õ ·≈– ºŸâªÉ«¬ 1 √“¬ ¡’ª√–«—μ‘‡§¬®¡πÈ”·≈â«¡’

Õ“°“√™—°∑’Ë‚√ßæ¬“∫“≈
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πÕ°®“°π’ÈÀ“°æ‘®“√≥“‡√◊ËÕßº≈°“√μ√«® Prolonged

VDO EEG monitoring ·≈–æ¬“∏‘ ¿“æ¢Õß √Õ¬‚√§„π

 ¡Õß®“° MRI æ∫«à“ ºŸâªÉ«¬√“¬∑’Ë 1 º≈ MRI æ∫ Bilateral

Hippocampal Sclerosis ‚¥¬¢âÕ¡Ÿ≈ ®“° Prolonged VDO

EEG monitoring ictal EEG ÕÕ°®“° temporal region ∑—Èß

2 ¢â“ß ‚¥¬æ∫«à“∑’Ë¢â“ß´â“¬¡’ electrical activity ¡“°°«à“

¢â“ß¢«“ √«¡∑—Èß°“√∑” FDG PET scan °Á„Àâº≈ hypome-

tabolism ∑’Ë∫√‘‡«≥ temporal region ¢â“ß´â“¬‡™àπ°—π

®÷ß‰¥â√—∫°“√ºà“μ—¥ Left Anteromesial temporal lobectomy

‡æ◊ËÕ ≈¥Õ“°“√™—°

ºŸâªÉ«¬√“¬∑’Ë 2 ‰¥â√—∫°“√«‘π‘®©—¬ Left Hippocampal

Sclerosis μ√«® Prolonged VDO EEG monitoring æ∫«à“

 “¡“√∂ lateralize ictal EEG Temporal region ¢â“ß´â“¬

∑—ÈßÀ¡¥ (5 §√—Èß) ·μà®“° clinical semiology ‡ªìπ non-

lateralization ∂÷ß 3 ®“° 5 §√—Èß ºŸâªÉ«¬√“¬∑’Ë 3 ‰¥â√—∫°“√

«‘π‘®©—¬ Left Hippocampal Sclerosis μ√«® Prolonged VDO

EEG monitoring æ∫«à“  “¡“√∂ lateralize ictal EEG ®“°

Temporal region ¢â“ß´â“¬‰¥â 4 ®“° 6 §√—Èß ·≈–®“° clini-

cal semiology ‡ªìπ non-lateralization 4 ®“° 6 §√—Èß

·≈–ºŸâªÉ«¬√“¬∑’Ë 4 ‰¥â√—∫°“√«‘π‘®©—¬ Right Hippocampal

Sclerosis μ√«® Prolonged VDO EEG monitoring æ∫«à“

 “¡“√∂ lateralize ictal EEG ®“° Temporal region ¢â“ß

¢«“∑—ÈßÀ¡¥ (4 §√—Èß)

®–æ∫«à“ªí®®—¬√à«¡°—π¢ÕßºŸâªÉ«¬∑’Ë∑”„Àâ§ÿ¡Õ“°“√

™—°‰¥â‰¡à¥’À≈—ßºà“μ—¥ (Negative association with out-

come) ´÷Ëßªí®®—¬∑’Ëæ∫¡“°∑’Ë ÿ¥ ‰¥â·°à §«“¡‰¡à ¡Ë”‡ ¡Õ

„π°“√„™â¬“·≈–μ‘¥μ“¡Õ“°“√ ·≈–¢âÕ¡Ÿ≈§«“¡

 Õ¥§≈âÕß°—∫Õ“°“√ ∑’Ë«‘‡§√“–‰¥â®“°°“√μ√«®μ‘¥μ“¡

§≈◊Ëπ‰øøÑ“ ¡Õß (Prolonged VDO EEG monitoring)

ªí®®—¬√Õß≈ß¡“ §◊Õ °“√∑’Ë¡’ª√–«—μ‘‡§¬μ‘¥‡™◊ÈÕ„π√–∫∫

ª√– “∑ à«π°≈“ß (CNS infection) °àÕπºà“μ—¥ ·≈–

æ¬“∏‘ ¿“æ∑’Ëæ∫√Õ¬‚√§∑—Èß 2 ¢â“ß¢Õß hippocampus ∑’Ë

μ√«®‰¥â®“° MRI ¥—ßμ“√“ß∑’Ë 4

Õ¿‘ª√“¬º≈

¡’ºŸâªÉ«¬‚√§≈¡™—° ®“°¿“«– Mesial temporal lobe

epilepsy (MTLE) ‡ªìπ®”π«π¡“°∑’Ë¥◊ÈÕμàÕ¬“°—π™—°3 ´÷Ëß

‡ªìπ∑’Ë∑√“∫°—π„πªí®®ÿ∫—π«à“·π«∑“ß°“√√—°…“À≈—°

πÕ°®“°°“√„Àâ¬“°—π™—° §◊Õ°“√ºà“μ—¥√—°…“ ‚¥¬«‘∏’ tem-

poral lobe resection11,12 Àπ÷Ëß„π “‡ÀμÿÀ≈—°¢Õß¿“«–π’È

¡“®“°‚√§ Hippocampal sclerosis ‡ªÑ“À¡“¬¢Õß°“√

√—°…“ §◊Õ ª√“»®“°´÷Ëß disabling seizure ∑’Ë®– àßº≈

°√–∑∫μàÕ°“√„™â™’«‘μª√–®”μàÕºŸâªÉ«¬ ‚¥¬¡‘‰¥â√«¡∂÷ß aura3

æ∫«à“¡’Õ—μ√“°“√À“¬¢“¥®“°Õ“°“√™—° (seizure free)

À≈—ßºà“μ—¥ ∂÷ß 50% ‡¡◊ËÕμ‘¥ μ“¡ Õ“°“√‰ªÕ¬à“ßπâÕ¬ 5

ªï1,2,5 ·≈–‰¥âº≈°“√§«∫§ÿ¡°“√™—°∑’Ë¥’°«à“‡¡◊ËÕ‡∑’¬∫°—∫

°“√√—°…“¥â«¬¬“‡æ’¬ß Õ¬à“ß‡¥’¬«∂◊Õ‡ªìπ°“√ºà“μ—¥√—°…“

∑’Ë§ÿâ¡§à“·≈–‡æ‘Ë¡§ÿ≥¿“æ™’«‘μ„Àâ°—∫ºŸâªÉ«¬‰¥â‡ªìπÕ¬à“ß

¡“°7,8

®“°°“√»÷°…“¢Õßª√–‡∑»‰∑¬„πªï 2004 ‰¥â¡’°“√

√“¬ß“π Õ—μ√“ seizure free À≈—ßºà“μ—¥ „πºŸâªÉ«¬ 42 √“¬

Õ¬Ÿà∑’Ë 90%®“°°“√μ‘¥μ“¡Õ“°“√¢ÕßºŸâªÉ«¬‡©≈’Ë¬ 1.6 ªï

À≈—ßºà“μ—¥13 πÕ°®“°π’È „πªï 2012 ∑’Ë»÷°…“ Õ—μ√“ sei-

zure free À≈—ß°“√ºà“μ—¥ temporal lobectomy „πºŸâªÉ«¬

Hippocampal sclerosis æ∫«à“ Õ—μ√“ seizure free ∑’Ë 2

ªïÀ≈—ß®“°ºŸâªÉ«¬‡¢â“√—∫°“√ºà“μ—¥ Õ¬Ÿà∑’Ë 64%11 ·≈– Õ—μ√“

seizure free „π√–¬–¬“«®“°ºŸâªÉ«¬°≈ÿà¡ ‡¥’¬«°—π„πªï

2018 ∑’Ë 5 ªïÀ≈—ß®“°ºŸâªÉ«¬‡¢â“√—∫°“√ºà“μ—¥ Õ¬Ÿà∑’Ë 83%12

„π°“√»÷°…“π’È¡’º≈ Seizure free outcome ∑’Ë√–¬–

‡«≈“ 2 ªï À≈—ß°“√ºà“μ—¥Õ¬Ÿà∑’Ë 91.1% ·≈–∑’Ë√–¬– ‡«≈“ 5

μ“√“ß∑’Ë 4  · ¥ßªí®®—¬∑’Ëæ∫„πºŸâªÉ«¬ non seizure free

Engel Classification, n (%)

          Factor Engel II 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
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ªï À≈—ß°“√ºà“μ—¥Õ¬Ÿà∑’Ë 94.3% ́ ÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ Sei-

zure free outcome ®“°°“√»÷°…“Õ◊ËπÊ ∑’ËÕ¬Ÿà „π™à«ß 50%-

80%1,2,5,11 ∑’Ë√–¬–‡«≈“Õ¬à“ßπâÕ¬ 5 ªï À≈—ß°“√ºà“μ—¥

©–π—Èπ Seizure free outcome ®“°°“√ »÷°…“π’È ¡’º≈ Sei-

zure free outcome ∑—¥‡∑’¬¡°—∫º≈®“°°“√»÷°…“Õ◊ËπÊ∑’Ë
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Principles of Spinal Biomechanical Testing
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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

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

movement2.

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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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 bone2.

The elastic modulus or Youngûs 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-

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.

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

X-axis Y-axis Z-axis

Rotation Flexion-extension Right-Left axial rotation Right-Left lateral bending

Translation Lateral translation Compression-distraction A-P translation

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,

p 21)
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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 çyield pointé. 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 çsegmental

instabilityé1.

Definition of stability and instability

Spinal stability has been defined through knowl-

edge gained via biomechanical studies. White et al3

defined spinal stability as, çthe 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.é Simi-

larly, the American Academy of Orthopedic Surgeons

defined stability as, çThe capacity of the vertebrae to

remain cohesive and to preserve normal displacements

in all physiological body movement,é4.

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 data5.

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

in the lower cervical region6.
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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 year8.

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.9 studied the differential biomechanical effects of

injury and wiring at C1-2. The human cadaveric C0-6

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 authorsû 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

al7 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 calculated10. 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 graft11. 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

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.)

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 çelementsé to gen-

erate a mesh. These elements interact with each other

at junctions called çnodesé12. 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 al.13 in-

No. No.

No.Yes

Yes

Yes
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