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Abstract
Research findings on the correlation between Traumatic Brain Injury (TBI) 
and the onset of Parkinson’s Disease (PD) are inconclusive. With PD affecting 
thousands of individuals, it is imperative to determine a potential causal link. 
The purpose of this literature review is to under-stand the validity and extent of 
the relationship between TBI and PD by examining population demographics, 
biological, sociological, and cognitive factors, as well as therapeutic treatments. 
Previous research has found that the incidence of TBI can occur during the 
prodromal period of PD, which is the period when symptoms of the disease begin to 
show, though the directionality of the correlation between TBI and the onset of 
PD requires a more in-depth investigation. Other findings include the over-
accumulation of alpha-synuclein in the substantia nigra—a protein that 
regulates vesicle trafficking—which is prominent in both patients with TBI and 
those with PD. The presence of Tyrosine Hydroxylase from TBI has also been 
proven to contribute to the decrease in dopamine seen in PD. Hippocampal 
damage is present in patients who experience either PD or TBI, which leads to 
cognitive decline. These findings indicate a positive correlation between TBI and 
the subsequent onset of PD, and confirm the need for additional research to 
develop new therapies for PD.
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IntrodǶction
PaǩǋƽǓǬǙǓܬǬ dƽǬeaǬe ܐPDܑ aΜecǳǬ ǒǙͭeǒeǓǳ aǓd ƽǬ ǳƺe ǬecǙǓd ǒǙǬǳ cǙǒǒǙǓ 
ǦǩǙgǩeǬǬƽͭe ǓeǶǩǙdegeǓeǩaǳƽͭe dƽǬǙǩdeǩ afǳeǩ AǍ͹ƺeƽǒeǩܬǬ dƽǬeaǬe۬ SʹǒǦǳǙǒǬ 
ƽǓcǍǶde ǬǍǙͮ ǒǙͭeǒeǓǳۥ ǩƽgƽdƽǳۥʹ  ǬƺǶΞƽǓg gaƽǳۥ ǦǙǬǳǶǩaǍ ƽǓǬǳabƽǍƽǳۥʹ  aǓd 
ƽǒbaǍaǓce ۬܉ؾ܈ TƺƽǬ ǓeǶǩǙǓaǍ ƽǒbaǍaǓce ƽǬ fǙǍǍǙͮed bʹ ǳƺe degeǓeǩaǳƽǙǓ Ǚf 
dǙǦaǒƽǓe ǓeǶǩǙǓǬ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa Ǚf ǳƺe baǬaǍ gaǓgǍƽa ǳƽǬǬǶe ƽǓ ǳƺe 
bǩaƽǓۥ aǓd ǳƺe deͭeǍǙǦǒeǓǳ Ǚf Leͮʹ bǙdƽeǬۥ ͮƺƽcƺ ƽǓǳeǩfeǩe ͮƽǳƺ bǩaƽǓ 
acǳƽͭƽǳʹ ۬܉ؿ܈ PD ͮaǬ ΟǩǬǳ deǬcǩƽbed bʹ JaǒeǬ PaǩǋƽǓǬǙǓ ƽǓ ۬܉ـ܈ لؾمؾ Tƺe 
caǶǬe Ǚf ǓeǶǩǙdegeǓeǩaǳƽǙǓ aǬǬǙcƽaǳed ͮƽǳƺ PD ƺaǬ ǓǙǳ beeǓ ǬcƽeǓǳƽΟcaǍǍʹ 
ǦǩǙͭeǓ aǓdۥ ǙǓǍʹ a ǬǒaǍǍ ǦeǩceǓǳage Ǚf PD dƽagǓǙǬeǬ aǩe aǳǳǩƽbǶǳed ǳǙ 
geǓeǳƽc facǳǙǩǬ۬ HǙͮeͭeǩۥ PD ƺaǬ beeǓ eͳǦǍǙǩed ƽǓ aǬǬǙcƽaǳƽǙǓ ͮƽǳƺ 
ǓǙǓܝgeǓeǳƽc ǩƽǬǋ facǳǙǩǬ ǬǶcƺ aǬ ǳǩaǶǒaǳƽc bǩaƽǓ ƽǓǈǶǩʹ۬  TǩaǶǒaǳƽc bǩaƽǓ 
ƽǓǈǶǩʹ ܐTBIܑ ǳʹǦƽcaǍǍʹ ǩeǬǶǍǳǬ fǩǙǒ bǍǶǓǳ eͳǳeǩǓaǍ fǙǩce ǳǙ ǳƺe ǬǋǶǍǍۥ ͮƺƽcƺ 
ǒaʹ ǩeǬǶǍǳ ƽǓ cǙgǓƽǳƽͭe aǓd beƺaͭƽǙǩaǍ dƽǬǩǶǦǳƽǙǓǬ ǳƺaǳ cǙǶǍd Ǎead ǳǙ bǩaƽǓ 
ǦaǳƺǙǍǙgƽeǬ ۬܉ف܈ CǶǩǩeǓǳ ǩeǬeaǩcƺ ǩeǒaƽǓǬ dƽͭƽded ǩegaǩdƽǓg ǳƺe ǬǳǩeǓgǳƺ Ǚf 
ǳƺe cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ TBI aǓd ǳƺe ǙǓǬeǳ Ǚf PD۬ AǬ ǬǶcƺۥ ǳƺƽǬ ǩeͭƽeͮ 
aǓaǍʹ͹eǬ ǦǙǦǶǍaǳƽǙǓ deǒǙgǩaǦƺƽcǬۥ bƽǙǍǙgƽcaǍ aǓd cǙgǓƽǳƽͭe facǳǙǩǬ ǳǙ 
eǍǶcƽdaǳeܹǳƺeܹǓaǳǶǩeܹǙfܹǳƺƽǬܹcǙǩǩeǍaǳƽǙǓ۬

StǶdies on the Risk Factors for TBI and Parkinsonܬs
Disease
TBI ƽǬ ǳǩadƽǳƽǙǓaǍǍʹ ǙǩgaǓƽ͹ed ƽǓǳǙ cǍƽǓƽcaǍ caǳegǙǩƽeǬ ǳƺaǳ dƽǬǳƽǓgǶƽǬƺ ǳƺe 
ǍeͭeǍǬ Ǚf Ǭeͭeǩƽǳʹ aǓd eacƺ caǳegǙǩʹܬǬ ǦǙǳeǓǳƽaǍ ǳǙ Ǎead ǳǙ ǓeǶǩǙdegeǓeǩaǳƽǙǓ۬ 
Yeǳۥ ǒǙǬǳ ǩeǬeaǩcƺ ǬeǩͭeǬ ǳǙ aǓaǍʹ͹e ǳƺe ƽǒǦacǳ ǙǓ ǙǓǍʹ Ǭeͭeǩe TBI۬ 
IǓǬǶΝcƽeǓǳ ǩeǬeaǩcƺ ƺaǬ beeǓ cǙǓdǶcǳed ǙǓ ǦaǳƽeǓǳǬ ͮƽǳƺ ǒǙdeǩaǳe TBIۥ 
ǦǩǙͭƽǓg ǳǙ be a cƺaǍǍeǓge fǙǩ ǩeǬeaǩcƺeǩǬ ۬܉ك܈ HǙͮeͭeǩۥ ǳƺǩǙǶgƺ ǩeǬeaǩcƺ Ǚf 
ǒƽǍd aǓd Ǭeͭeǩe TBIۥ ƽǳ ƺaǬ beeǓ deǳeǩǒƽǓed ǳƺaǳ ǳƺe ǒaǈǙǩƽǳʹ Ǚf TBI caǬeǬ 
ƽǓܹǳƺeܹUǓƽǳedܹSǳaǳeǬܹǩeǬǶǍǳܹfǩǙǒܹfaǍǍǬܹaǓdܹǒǙǳǙǩܹͭeƺƽcǍeܹaccƽdeǓǳǬ۬

ReǬeaǩcƺeǩǬ aǓaǍʹ͹ed deǒǙgǩaǦƺƽcǬ aǓd ǳƺe caǶǬeǬ Ǚf ƽǓǈǶǩʹ ǶǬƽǓg ǩegƽǬǳǩʹ 
daǳa fǩǙǒ ǳƺe NaǳƽǙǓaǍ TǩaǶǒa Daǳa BaǓǋ ܐNTDBܑ beǳͮeeǓ لؽؽؿ ǳǙ 
 ƽǳƺ ǒƽǍd TBI۬ Iǳ ͮaǬ deǳeǩǒƽǓed ǳƺaǳͮ مؾ fǙǩ ǦaǳƽeǓǳǬ Ǚͭeǩ ǳƺe age Ǚf فؾؽؿ
faǍǍǬ aǓd ǒǙǳǙǩ ͭeƺƽcǍeܝǩeǍaǳed ƽǓǈǶǩƽeǬ accǙǶǓǳed fǙǩ ރـف aǓd ރفـ Ǚf TBI 
caǬeǬۥ ǩeǬǦecǳƽͭeǍʹ۬  FǶǩǳƺeǩǒǙǩeۥ aǬǬeǬǬƽǓg TBI ǙǶǳcǙǒe ǬeͭeǩƽǳƽeǬ 
deǒǙǓǬǳǩaǳed ǳƺaǳ adǶǍǳǬ ƽǓ ǳƺe ܝقفǳǙܝفكܝʹeaǩ age ǩaǓge ƺad abǙǶǳ a 
ǳͮǙܝfǙǍd ƽǓcǩeaǬed ǩƽǬǋۥ ͮƺƽǍe ǳƺǙǬe Ǚͭeǩ ؽم ʹeaǩǬ ǙǍd ƺad ǓeaǩǍʹ a ΟͭeܝfǙǍd 
ƽǓcǩeaǬed ǩƽǬǋ Ǚf eͳǦeǩƽeǓcƽǓg ǦǙǙǩ ǙǶǳcǙǒeǬ۬ ReǬeaǩcƺeǩǬ deΟǓed ǦǙǙǩ 
ǙǶǳcǙǒeǬ aǬ ƽǓܝƺǙǬǦƽǳaǍ ǒǙǩǳaǍƽǳۥʹ  ƺǙǬǦƽceۥ aǓd ǍǙǓgܝǳeǩǒ caǩe۬ SƽǒƽǍaǩǍۥʹ  a 
cǩǙǬǬܝǬecǳƽǙǓaǍ aǓaǍʹǬƽǬ cǙǓdǶcǳed bʹ MaǈdaǓ eǳ aǍ۬ ƽdeǓǳƽΟed فلنۥقلـۥؾ
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TBIܝǩeǍaǳed ƺǙǬǦƽǳaǍ dƽǬcƺaǩgeǬ aǓd fǙǶǓd ǳƺe ǒǙǬǳ ǦǩeͭaǍeǓǳ caǶǬeǬ Ǚf 
TBI ǳǙ be faǍǍǬ aǓd ǳǩaΝc ƽǓcƽdeǓǳǬ ۬܉ق܈ IǓ ǩeceǓǳ ʹeaǩǬۥ ƺǙͮeͭeǩۥ ǳƺeǩe ƺaǬ 
beeǓ a Ǭƺƽfǳ fǩǙǒ ǳǩaΝc accƽdeǓǳǬ ǳǙ faǍǍǬ aǬ ǳƺe ǒǙǬǳ fǩeǨǶeǓǳ caǶǬe Ǚf TBI 
۬܉م܈

OǓ ǳƺe Ǚǳƺeǩ ƺaǓdۥ ǳƺeǩe aǩe ǒaǓʹ ǩƽǬǋ facǳǙǩǬ aǬǬǙcƽaǳed ͮƽǳƺ ǳƺe 
deͭeǍǙǦǒeǓǳ Ǚf PD ܚ ǙǓe Ǚf ͮƺƽcƺ ƽǬ geǓeǳƽc ǩƽǬǋ۬ A geǓǙǒeͮܝƽde ǍƽǓǋage 
aǓd ǬeǨǶeǓcƽǓg ǬǳǶdʹ cǙǓdǶcǳed fǩǙǒ مؽؽؿ ǳǙ لؾؽؿ aƽǒed ǳǙ ƽdeǓǳƽfʹ 
geǓeǬ ƽǓͭǙǍͭed ƽǓ ǳƺe ǙǓǬeǳ Ǚf PD۬ Tƺe ǩeǬeaǩcƺeǩǬ ΟǩǬǳ cǙǓdǶcǳed a 
geǓǙǒeͮܝƽde aǓaǍʹǬƽǬ ǙǓ aǓ IǳaǍƽaǓ faǒƽǍʹ ͮƺǙǬe ǒeǒbeǩǬ ƺad PD ǳƺǩǙǶgƺ 
dǙǒƽǓaǓǳ ƽǓƺeǩƽǳaǓce۬ Tƺe ƽdeǓǳƽΟed geǓe ͮaǬ ǳƺeǓ aǓaǍʹ͹ed aǓd cǙǒǦaǩed 
ƽǓ a ǩeǦǩeǬeǓǳaǳƽͭe ǬaǒǦǍe Ǚf ƽǓǳeǩǓaǳƽǙǓaǍ ǦaǳƽeǓǳǬ dƽagǓǙǬed ͮƽǳƺ PD۬ 
QǶadǩƽ eǳ aǍ. ƽdeǓǳƽΟed a ǒǶǳaǳƽǙǓ ǙǓ LRPؽؾ ǙǓ cƺǩǙǒǙǬǙǒe فؾ ǳǙ be 
ƽǓͭǙǍͭed ƽǓ ǳƺe ǙǓǬeǳ Ǚf PD۬ OǶǳ Ǚf ǳƺe ؾؾ ǦaǳƽeǓǳǬ ƽdeǓǳƽΟed ͮƽǳƺ ǳƺƽǬ 
ǒǶǳaǳƽǙǓ ƽǓ ǳƺe ƽǓǳeǩǓaǳƽǙǓaǍ cǙƺǙǩǳؽؾ ۥ ƺad a faǒƽǍʹ ƺƽǬǳǙǩʹ Ǚf PD۬ Tƺe 
LRPؽؾ ǒǶǳaǳƽǙǓ ͮaǬ aǍǬǙ fǙǶǓd ƽǓ ǳƺe DNA Ǚf ǓƽǓe ǙǶǳ Ǚf ؽؾ ǩeǍaǳƽͭeǬ Ǚf 
ǳƺe ƽǓǳeǩǓaǳƽǙǓaǍ cǙƺǙǩǳ۬ TƺeǬe ǩeǬǶǍǳǬ ǬǶggeǬǳ ǳƺaǳ ǳƺeǩe ƽǬ a ƺeǩedƽǳaǩʹ 
aǬǦecǳܹǙfܹǳƺeܹƽǓcǩeaǬedܹǩƽǬǋܹǙfܹdeͭeǍǙǦƽǓgܹPDܹ۬܉ن܈

Oǳƺeǩ ǩƽǬǋ facǳǙǩǬ Ǚf PD ƽǓcǍǶde ǳƺe cǙǓǬǶǒǦǳƽǙǓ Ǚf daƽǩʹ ǦǩǙdǶcǳǬۥ 
caǓceǩۥ aǓd eͳǦǙǬǶǩe ǳǙ ǦeǬǳƽcƽdeǬ ۬܉ل܈ ReǬeaǩcƺeǩǬ cǙǓdǶcǳƽǓg aǓ 
ǙbǬeǩͭaǳƽǙǓaǍ ǬǳǶdʹ ǙǓ ǓǶǳǩƽǳƽǙǓaǍ facǳǙǩǬ aǓd PD fǙǶǓd ǳƺaǳ ǳƺe ƺƽgƺeǩ 
ƽǓǳaǋe Ǚf daƽǩʹ ͮaǬ aǬǬǙcƽaǳed ͮƽǳƺ aǓ ƽǓcǩeaǬed ǩƽǬǋ Ǚf PD deͭeǍǙǦǒeǓǳۥ 
ͮƽǳƺ a Ǎaǩgeǩ ǩƽǬǋ ƽǓ ǒeǓ cǙǒǦaǩed ǳǙ ͮǙǒeǓ ۬܉ؽؾ܈ AǓ ƽǓcǩeaǬed 
ǦǩeͭaǍeǓce Ǚf ǒaǍƽgǓaǓǳ ǒeǍaǓǙǒa aǓd ǬǋƽǓ caǩcƽǓǙǒa ƽǬ aǍǬǙ aǬǬǙcƽaǳed 
ͮƽǳƺ a ƺƽgƺeǩ ǩƽǬǋ Ǚf PD۬ AǓ eǦƽdeǒƽǙǍǙgƽcaǍ ǬǳǶdʹ ƽǓ DeǓǒaǩǋ fǙǶǓd ǳƺe 
ǦǩeͭaǍeǓce Ǚf ǒaǍƽgǓaǓǳ ǒeǍaǓǙǒa ͮaǬ ރلق۬ؽ ƽǓ PD ǦaǳƽeǓǳǬ cǙǒǦaǩed ǳǙ 
 ƽǓ PD ރفؿ۬ف ƺƽǍe ǬǋƽǓ caǩcƽǓǙǒa ǦǩeͭaǍeǓce ͮaǬͮ ۥƽǓ cǙǓǳǩǙǍ ǦaǳƽeǓǳǬ ރف۬ؽ
ǦaǳƽeǓǳǬ cǙǒǦaǩed ǳǙ ރف۬ـ ƽǓ cǙǓǳǩǙǍǬ ۬܉ؾؾ܈ ReǬeaǩcƺeǩǬ ƺaͭe fǙǶǓd ǬƽǒƽǍaǩ 
ǦaǳǳeǩǓǬ Ǚf ƽǓcǩeaǬed ǩeǍaǳƽͭe ǩƽǬǋ ͮƺeǓ ƽǓͭeǬǳƽgaǳƽǓg ǳƺe eΜecǳ Ǚf ǦeǬǳƽcƽdeǬ 
ǙǓ ǦaǳƽeǓǳǬ ͮƺǙ ǬǶΜeǩed fǩǙǒ PD aǓd۳Ǚǩ TBI ۬܉ؿؾ܈ A cǙǓǳǩǙǍǍed ǬǳǶdʹ 
ǩeǬeaǩcƺed ǳƺe eΜecǳǬ Ǚf bǙǳƺ TBI aǓd ǦaǩaǨǶaǳ eͳǦǙǬǶǩeۥ ͮƺƽcƺ caǶǬeǬ 
daǒage ǳǙ ǳƺe dƽgeǬǳƽͭe ǬʹǬǳeǒ ǙǩgaǓǬۥ ƽǓ ǦaǳƽeǓǳǬ ͮƽǳƺ PD۬ ReǬeaǩcƺeǩǬ 
eǬǳƽǒaǳed a ǳͮǙܝfǙǍd ƽǓcǩeaǬe ƽǓ ǳƺe ǩƽǬǋ Ǚf deͭeǍǙǦƽǓg PD ƽǓ ǦaǳƽeǓǳǬ ͮƺǙ 
eͳǦeǩƽeǓced TBIۥ fǶǩǳƺeǩ ǬǶǦǦǙǩǳƽǓg ǳƺe cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ ǳƺe ǳͮǙ 
dƽǬeaǬeǬ۬ IǓ cǙǓǳǩaǬǳۥ ͮƺeǓ eͳaǒƽǓƽǓg ǳƺe cǙǒbƽǓed eΜecǳǬ Ǚf bǙǳƺ 
ǦaǩaǨǶaǳ eͳǦǙǬǶǩe aǓd TBIۥ ǩeǬeaǩcƺeǩǬ ǓǙǳƽced a ǳƺǩeeܝfǙǍd ǩƽǬǋ ƽǓcǩeaǬe 
 A ǬǳǶdʹ ƽǓ ǩaǳǬ fǶǩǳƺeǩ ǬǶbǬǳaǓǳƽaǳed ǳƺeǬe ΟǓdƽǓgǬ bʹ deǒǙǓǬǳǩaǳƽǓg ۬܉ـؾ܈
ǳƺaǳ TBI aǓd ǦaǩaǨǶaǳ eͳǦǙǬǶǩe Ǎed ǳǙ a ǍǙǬǬ ƽǓ dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ aǓd
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cǙǓcǶǩǩeǓǳǍʹ ƽǓcǩeaǬed aǍǦƺaܝǬʹǓǶcǍeƽǓ accǶǒǶǍaǳƽǙǓ aǓd ƽǓΠaǒǒaǳƽǙǓ ƽǓ 
ǳƺeܹbǩaƽǓܹͮۥƺƽcƺܹaǩeܹcǙǒǒǙǓܹcƺaǩacǳeǩƽǬǳƽcǬܹǙfܹPDܹ۬܉فؾ܈

Demographics
Age aǓd geǓdeǩ ƺaͭe ǦǩǙͭeǓ ǳǙ be ǬƽgǓƽΟcaǓǳ facǳǙǩǬ ƽǓ ǳƺe ƽǓcƽdeǓce Ǚf TBI 
aǓd ƽǓ ǳƺe deͭeǍǙǦǒeǓǳ Ǚf PD ۬܉لؾ ۥكؾ܈ WƺeǓ ǩeǬeaǩcƺƽǓg ǳƺe deǒǙgǩaǦƺƽc 
daǳa ǩeǍaǳƽǓg ǳǙ ǳƺeǬe dƽǬeaǬeǬۥ ǬǳǶdƽeǬ ƺaͭe beeǓ geaǩed ǳǙͮaǩdǬ ǩeǬeaǩcƺƽǓg 
ǳƺe deǒǙgǩaǦƺƽcǬ Ǚf TBI aǓd PD ƽǓdƽͭƽdǶaǍǍʹ ǩaǳƺeǩ ǳƺaǓ ǙǓ ǳƺeƽǩ 
ǩeǍaǳƽǙǓǬƺƽǦ ǳǙ eacƺ Ǚǳƺeǩ۬ A ǬǳǶdʹ aǓaǍʹ͹ƽǓg ǳƺe cƺaǩacǳeǩƽǬǳƽcǬ Ǚf ǦaǳƽeǓǳǬ 
ͮƽǳƺ PD fǙǶǓd ǳƺaǳ ǳƺe ageܝadǈǶǬǳed ƽǓcƽdeǓce ǩaǳe Ǚf PD ͮaǬ ƺƽgƺeǩ ƽǓ 
ǒeǓ ǳƺaǓ ƽǓ ͮǙǒeǓۥ aǳ ؽ۬نؾ Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬ aǓd ن۬ن Ǧeǩ ؽؽؽۥؽؽؾ 
ǦeǩǬǙǓǬۥ ǩeǬǦecǳƽͭeǍʹ۬  IǓcƽdeǓce ǩaǳeǬ aǓd ǳƺe ǒaǍe ǳǙ feǒaǍe ǩaǳƽǙ ƽǓcǩeaǬed 
ǩaǦƽdǍʹ afǳeǩ ؽك ʹeaǩǬ Ǚf age۬ Tƺe ǒeaǓ age Ǚf dƽagǓǙǬƽǬ ͮaǬ ق۬ؽل ʹeaǩǬ fǙǩ 
bǙǳƺ ǒeǓ aǓd ͮǙǒeǓۥ ʹeǳ ͮǙǒeǓ ͮeǩe dƽagǓǙǬed Ǚͭeǩ a Ǎaǩgeǩ age ǩaǓge 
 eaǩǬܑ۬ FǶǩǳƺeǩ aǓaǍʹǬƽǬ fǙǶǓd ƽǓcƽdeǓceʹ ؾن ǳǙ مـܐ eaǩǬܑ ǳƺaǓ ǒeǓʹ ـن ǳǙ ؾـܐ
ǩaǳeǬ Ǚf ؽق۬ؽ Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬ ƽǓ ǳƺe ܝؽـǳǙܝنـܝʹeaǩ gǩǙǶǦ aǓd ؾؽ۬نؾؾ Ǧeǩ 
 ǬǶggeǬǳƽǓg ǳƺaǳ ǳƺe ǩƽǬǋ Ǚf beƽǓg ۥنم ǦeǩǬǙǓǬ ƽǓ ǳƺǙǬe Ǚͭeǩ ؽؽؽۥؽؽؾ
dƽagǓǙǬed ͮƽǳƺ PD ƽǓcǩeaǬeǬ dǩaǒaǳƽcaǍǍʹ ͮƽǳƺ age۬ ReǬeaǩcƺeǩǬ aǍǬǙ ǬǙǶgƺǳ 
ǳǙ dƽǬǳƽǓgǶƽǬƺ ǳƺe ǦǩeͭaǍeǓce Ǚf ƽdƽǙǦaǳƺƽc PD aǒǙǓg dƽΜeǩeǓǳ ǩacƽaǍ 
gǩǙǶǦǬ۬ NǙǓܝHƽǬǦaǓƽc WƺƽǳeǬ ͮeǩe fǙǶǓd ǳǙ be dƽagǓǙǬed ͮƽǳƺ PD aǳ aǓ 
ǙǍdeǩ age ǳƺaǓ HƽǬǦaǓƽcǬ aǓd AǬƽaǓǬ۳PacƽΟc IǬǍaǓdeǩǬۥ aǓd a ǬǍƽgƺǳǍʹ ǙǍdeǩ 
age ǳƺaǓ AfǩƽcaǓ AǒeǩƽcaǓǬ۬ WƺeǓ adǈǶǬǳƽǓg fǙǩ age aǓd geǓdeǩۥ ƽǓcƽdeǓce 
ǩaǳeǬ Ǚf PD ͮeǩe ƺƽgƺeǬǳ aǒǙǓg HƽǬǦaǓƽcǬۥ fǙǍǍǙͮed bʹ ǓǙǓܝHƽǬǦaǓƽc 
WƺƽǳeǬۥ AǬƽaǓǬ۳PacƽΟc IǬǍaǓdeǩǬۥ aǓd AfǩƽcaǓ AǒeǩƽcaǓǬ۬ PaƽǩͮƽǬe 
cǙǒǦaǩƽǬǙǓǬ aǒǙǓg dƽΜeǩeǓǳ gǩǙǶǦǬ fǙǶǓd ǳƺƽǬ daǳa ǳǙ be ǬǙǒeͮƺaǳ 
ǬǳaǳƽǬǳƽcaǍǍʹ ǬƽgǓƽΟcaǓǳ۬ PǩeͭaǍeǓce Ǚf PD ƽǓ ǳƺe ǓǙǓܝHƽǬǦaǓƽc Wƺƽǳe cǙƺǙǩǳ 
cǙǒǦaǩed ǳǙ ǳƺe AǬƽaǓ۳PacƽΟc IǬǍaǓdeǩ cǙƺǙǩǳ ͮaǬ ك۬ـؾ aǓd ـ۬ؾؾ Ǧeǩ 
ʹۥǩeǬǦecǳƽͭeǍ ܑلؽ۬ؽ ݯ Ǧܐ ǦeǩǬǙǓǬ ؽؽؽۥؽؽؾ  ͮƺƽǍe ǳƺe ǓǙǓܝHƽǬǦaǓƽc Wƺƽǳe 
cǙƺǙǩǳ cǙǒǦaǩed ǳǙ ǳƺe AfǩƽcaǓ AǒeǩƽcaǓ cǙƺǙǩǳ eͳƺƽbƽǳed ƽǓcƽdeǓce ǩaǳeǬ 
Ǚf ك۬ـؾ aǓd ؿ۬ؽؾ Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬ ܐǦ ܑ۬ؾؾ۬ؽ ݯ ReǬeaǩcƺeǩǬ aǍǬǙ ǓǙǳed 
ǳƺaǳ ƽǓ eͭeǩʹ gǩǙǶǦ beǬƽdeǬ ǳƺe AǬƽaǓ۳PacƽΟc IǬǍaǓdeǩ cǙƺǙǩǳۥ ǳƺe ƽǓcƽdeǓce 
ǙfܹPDܹͮaǬܹƺƽgƺeǩܹƽǓܹǒeǓܹǳƺaǓܹƽǓܹͮǙǒeǓܹbʹܹǳͮǙܝfǙǍdܹ۬܉مؾ܈

ReǬeaǩcƺeǩǬ ƺaͭe fǙǶǓd ƽǓcǩeaǬƽǓg eͭƽdeǓce ǦǙƽǓǳƽǓg ǳǙ geǓdeǩ aǬ aǓ 
ƽǒǦǙǩǳaǓǳ facǳǙǩ ƽǓ ǳƺe deͭeǍǙǦǒeǓǳ aǓd eͳǦǩeǬǬƽǙǓ Ǚf PD ܉نؾ܈. A caǬe 
ǬǳǶdʹ cǙǓdǶcǳed bʹ Haaͳǒa eǳ aǍ۬ fǙǶǓd ͮǙǒeǓ ǳǙ be ؾ۬ؿ ʹeaǩǬ ǙǍdeǩ ǳƺaǓ 
ǒeǓ aǳ ǳƺeƽǩ age Ǚf ǬʹǒǦǳǙǒ ǙǓǬeǳۥ ǳƺe ǒeaǓ ageǬ beƽǓg ف۬ـق aǓd ۥـ۬ؾق 
ǩeǬǦecǳƽͭeǍʹ ۬܉ؽؿ܈ Aǳ ǬʹǒǦǳǙǒ ǙǓǬeǳۥ ͮǙǒeǓ ǦǩeǬeǓǳed ǳǩeǒǙǩǬۥ a ǬʹǒǦǳǙǒ 
Ǚf PDۥ ǒǙǩe fǩeǨǶeǓǳǍʹ ǳƺaǓ ǒeǓ ރلكܐ aǓd ۥܑރمف ǩegaǩdǍeǬǬ Ǚf ǳƺeƽǩ age Ǚf
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ǙǓǬeǳ۬ HǙͮeͭeǩۥ ǒeǓ ǦǩeǬeǓǳƽǓg ǳǩeǒǙǩǬ aǳ ǳƺe age Ǚf ǙǓǬeǳ ͮeǩeۥ ǙǓ 
aͭeǩageك۬ـ ۥ ʹeaǩǬ ǙǍdeǩ ǳƺaǓ ͮǙǒeǓ۬ FǩǙǒ ǳƺƽǬ ǩeǬeaǩcƺۥ ƽǳ ͮaǬ cǙǓcǍǶded 
ǳƺaǳ geǓdeǩܝbaǬed dƽΜeǩeǓceǬ ƽǓ PD ǦaǳƽeǓǳǬ ͮeǩe ǬƽgǓƽΟcaǓǳ۬ WǙǒeǓ 
ǳeǓded ǳǙ be ǙǍdeǩ aǳ ǬʹǒǦǳǙǒ ǙǓǬeǳۥ ǦǩeǬeǓǳed ƺƽgƺeǩ ǬǳǩƽaǳaǍ dǙǦaǒƽǓe 
aΝǓƽǳʹ aǓd ǳǩeǒǙǩ dǙǒƽǓaǓǳ ǬʹǒǦǳǙǒǬۥ aǓd eͳǦeǩƽeǓced ǬǍǙͮeǩ dƽǬeaǬe 
ǦǩǙgǩeǬǬƽǙǓ cǙǒǦaǩed ǳǙ ǒeǓ۬ Oǳƺeǩ ǬǳǶdƽeǬ ƺaͭe ǬƺǙͮǓ ǳƺaǳ ͮǙǒeǓ 
dƽagǓǙǬed ͮƽǳƺ PD ǳeǓd ǳǙ ǦǩeǬeǓǳ ǒǙǩe beǓƽgǓ ǦƺeǓǙǳʹǦƽc ǬʹǒǦǳǙǒǬۥ 
bǶǳ Ǎaǳeǩ ǳeǓd ǳǙ ƺaͭe aǓ ƽǓcǩeaǬed ǩƽǬǋ Ǚf ǳǩeaǳǒeǓǳ cǙǒǦǍƽcaǳƽǙǓǬ 
cǙǒǦaǩed ǳǙ ǒeǓۥ fǶǩǳƺeǩ ǦǙƽǓǳƽǓg ǳǙ ǳƺe bƽǙǍǙgƽcaǍ aǓd ǦƺeǓǙǳʹǦƽc 
dƽΜeǩeǓceǬ beǳͮeeǓ ǒaǍe aǓd feǒaǍe ǦaǳƽeǓǳǬ ͮƽǳƺ PD ۬܉ؾؿ܈ ReͭƽeͮƽǓg 
deǒǙgǩaǦƺƽc facǳǙǩǬ ǩeǍaǳƽǓg ǳǙ TBI ǩeͭeaǍǬ ǬƽǒƽǍaǩ ǳǩeǓdǬ ǩegaǩdƽǓg daǳa ǙǓ 
ǳƺeܹageܹaǓdܹgeǓdeǩܹǙfܹǦaǳƽeǓǳǬ۬

A cǩǙǬǬܝǬecǳƽǙǓaǍ ǬǳǶdʹ aǓaǍʹ͹ed daǳa fǩǙǒ ǳƺe NaǳƽǙǓaǍ HǙǬǦƽǳaǍ 
AǒbǶǍaǳǙǩʹ MedƽcaǍ CaǬe SǶǩͭeʹ ܐNHAMCSܑ aǓd cǙǍǍecǳed ƽǓfǙǩǒaǳƽǙǓ 
ǙǓ deǒǙgǩaǦƺƽc cƺaǩacǳeǩƽǬǳƽcǬ Ǚf ǙǍdeǩ ǦaǳƽeǓǳǬ ͮƺǙ ǬǶǬǳaƽǓed ǒƽǍd TBI ƽǓ 
ǳƺe UǓƽǳed SǳaǳeǬ۬ Tƺe aͭeǩage age Ǚf ǦaǳƽeǓǳǬ dƽagǓǙǬed ͮƽǳƺ ǒƽǍd TBI ͮaǬ 
 Ǚf ͮƺǙǒ ͮeǩe ރـ۬فك aǓd ۥǙf ͮƺǙǒ ͮeǩe Wƺƽǳe ރم۬لم ۥeaǩǬ Ǚf ageʹ ؾ۬نل
feǒaǍe۬

EǒeǩgeǓcʹ deǦaǩǳǒeǓǳ ܐEDܑ ͭƽǬƽǳǬ ͮeǩe aǍǬǙ ǙbǬeǩͭed ǳǙ ƽǓcǩeaǬe ͮƽǳƺ age۬ 
IǓ ǦaǳƽeǓǳǬ aged beǳͮeeǓ قك ǳǙ فل ʹeaǩǬ ǙǍdۥ ǳƺe ǩaǳe ͮaǬ كمـ Ǧeǩ ؽؽؽۥؽؽؾ 
ǦeǩǬǙǓǬۥ ͮƺƽǍe ǦaǳƽeǓǳǬ قم ʹeaǩǬ Ǚǩ ǙǍdeǩ ƺad aǓ ƽǓcƽdeǓce ǩaǳe Ǚf قؽؿۥؾ Ǧeǩ 
 aǓd ǙǍdeǩ ǳǩƽǦǍe ǳƺe ǩaǳeǬ fǙǩ قم ǦeǩǬǙǓǬ۬ SƽǓce ǳƺe ǩaǳeǬ fǙǩ ǳƺǙǬe ؽؽؽۥؽؽؾ
ǳƺǙǬe beǳͮeeǓ قك ǳǙ قل ʹeaǩǬ Ǚf ageۥ TBI ƺaǬ beeǓ fǙǶǓd ǳǙ be ǒǙǩe 
ǦǩǙǒƽǓeǓǳ ƽǓ ǙǍdeǩ age gǩǙǶǦǬ۬ ReǬeaǩcƺeǩǬ fǙǶǓd ǳƺaǳ ͮǙǒeǓ ͭƽǬƽǳed ǳƺe 
ED fǙǩ TBI aǳ a ǩaǳe Ǚf كؽل Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬۥ ͮƺƽǍe ǒeǓ ͭƽǬƽǳed aǳ a ǩaǳe 
Ǚf كؾق Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬ۬ AǓǙǳƺeǩ cƺaǩacǳeǩƽǬǳƽc ǳƺaǳ ǩeǬeaǩcƺeǩǬ 
ƽǓͭeǬǳƽgaǳed ͮaǬ geǙgǩaǦƺƽc ǩegƽǙǓۥ ΟǓdƽǓg ǳƺaǳ ͭƽǬƽǳǬ ǩeǍaǳed ǳǙ dƽagǓǙǬed 
TBI ͮeǩe ǒǙǩe cǙǒǒǙǓ ǳƺaǓ ͭƽǬƽǳǬ ǩeǍaǳed ǳǙ ǦǙǬǬƽbǍe ǒƽǍd TBI ƽǓ ǳƺe 
ǓǙǩǳƺeaǬǳeǩǓ aǓd ͮeǬǳeǩǓ ǩegƽǙǓǬ Ǚf ǳƺe UǓƽǳed SǳaǳeǬ۬ Tƺe dƽagǓǙǬƽǬ Ǚf 
TBI ͮaǬ ǒǙǩe ǦǩeͭaǍeǓǳ ǙǓ ǳƺe ͮeǬǳ cǙaǬǳ aǓd ǍeǬǬ ǦǩeͭaǍeǓǳ ƽǓ ǳƺe ǬǙǶǳƺ 
aǓd MƽdͮeǬǳۥ cǙǒǦaǩed ǳǙ ǳƺe ǓǙǩǳƺeaǬǳ ǩegƽǙǓǬ Ǚf ǳƺe UǓƽǳed SǳaǳeǬ۬ TƺƽǬ 
daǳaۥ ƺǙͮeͭeǩۥ ǬƺǙǶǍd be ƽǓǳeǩǦǩeǳed ͮƽǳƺ caǶǳƽǙǓۥ aǬ ǬǙǒe ƺaͭe ǬǶggeǬǳed 
ǳƺaǳ ǳƺe CDC cǙdeǬ fǙǩ deǳecǳƽǓg ǒƽǍd TBI ƺaͭe ǦǙǙǩ ǬeǓǬƽǳƽͭƽǳʹ aǓd ǒƽǍd 
TBI caǓ be ǶǓdeǩdƽagǓǙǬed ۬܉ؿؿ܈ A ǩeǳǩǙǬǦecǳƽͭe cǙƺǙǩǳ ǬǳǶdʹ aǓaǍʹ͹ed 
daǳa ǙǓ ǙǍdeǩ adǶǍǳǬ fǩǙǒ ǳƺe OǓǳaǩƽǙ AǬǬǙcƽaǳƽǙǓ Ǚf CǙǒǒǶǓƽǳʹ Caǩe 
AcceǬǬ CeǓǳeǩǬ ܐOACCACܑ ƺǙǒe caǩe daǳabaǬe۬ IǓ ǳƺƽǬ eͳǦeǩƽǒeǓǳۥ 
ƽǓcƽdeǓce Ǚf TBI aǒǙǓg ǦaǳƽeǓǳǬ Ǚf ͭaǩʹƽǓg edǶcaǳƽǙǓ ǍeͭeǍǬۥ ǒaǩƽǳaǍ ǬǳaǳǶǬۥ 
Ǭeͳۥ ǩaceۥ aǓd age gǩǙǶǦǬ ͮeǩe ǙbǬeǩͭed Ǚͭeǩ a ǳeǓܝʹeaǩ ǦeǩƽǙd fǩǙǒ ـؽؽؿ ǳǙ
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 IǓͭeǬǳƽgaǳǙǩǬ fǙǶǓd ǳƺaǳ ǳƺǙǬe ͮƺǙ ƺad ǬǶǬǳaƽǓed a TBI ƺad aǓ eǨǶaǍ ۬ـؾؽؿ
Ǭeͳ dƽǬǳǩƽbǶǳƽǙǓ۬ OͭeǩaǍǍۥ ǦǙǬƽǳƽͭe aǬǬǙcƽaǳƽǙǓǬ ͮeǩe fǙǶǓd beǳͮeeǓ 
ǬǶǬǳaƽǓƽǓg TBI aǓd ǬeͭeǩaǍ gǩǙǶǦǬۥ ƽǓcǍǶdƽǓg ǒaǍeǬۥ ǦaǳƽeǓǳǬ Ǚf abǙǩƽgƽǓaǍ 
ǙǩƽgƽǓۥ ƽǓcǩeaǬƽǓg ageۥ edǶcaǳƽǙǓ ǍeͭeǍۥ beƽǓg ͮƽdǙͮedۥ aǓd ƺaͭƽǓg PD ۬܉ـؿ܈ 
IǓ aǓǙǳƺeǩ ǬǳǶdʹ ǙǓ ǳƺe ǒedƽcaǍ daǳa Ǚf CaǍƽfǙǩǓƽaǓ ǦaǳƽeǓǳǬ قق ʹeaǩǬ Ǚǩ 
ǙǍdeǩ ͮƺǙ ͮeǩe dƽagǓǙǬed ͮƽǳƺ TBI bǶǳ ǓǙǳ PDۥ ǦaǳƽeǓǳǬ ͮƽǳƺ TBI ͮeǩe 
ǬǍƽgƺǳǍʹ ǙǍdeǩۥ ǒǙǩe ǍƽǋeǍʹ ǳǙ be ǒaǍeۥ ƺaͭe ƺƽgƺeǩ ƽǓcǙǒeۥ aǓd ƺƽgƺeǩ 
Ǭeͭeǩƽǳʹ ǬcǙǩeǬ ͮƺeǓ cǙǒǦaǩed ǳǙ ǦaǳƽeǓǳǬ ͮƽǳƺ ǓǙǓܝTBI ǳǩaǶǒa ܐNTTܑ
۬܉فؿ܈

MǙǩeǙͭeǩۥ ǦaǳƽeǓǳǬ ͮƽǳƺ TBI ͮeǩe ǒǙǩe ǍƽǋeǍʹ ǳǙ be dƽagǓǙǬed ǬǙǙǓeǩ ͮƽǳƺ 
PD ǳƺaǓ ǦaǳƽeǓǳǬ ͮƽǳƺ NTT۬ Tƺe aͭeǩage ǳƽǒe ǶǓǳƽǍ PD dƽagǓǙǬƽǬ ͮaǬ ؾ۬ـ 
ʹeaǩǬ fǙǩ TBI ǦaǳƽeǓǳǬ ͭeǩǬǶǬ ـ۬ـ ʹeaǩǬ fǙǩ NTT ǦaǳƽeǓǳǬۥ aǓd ރكك Ǚf ǳƺe 
ǳǩaǶǒa fǙǩ bǙǳƺ ǳƺe TBI aǓd NTT gǩǙǶǦ ͮaǬ caǶǬed bʹ faǍǍǬ۬ PaǳƽeǓǳǬ ͮƽǳƺ 
PD ƺad aǓ aͭeǩage age Ǚf كل ʹeaǩǬ ǙǍdۥ ͮƽǳƺ ރنق beƽǓg feǒaǍe aǓd ރمك
beƽǓg ͮƺƽǳe۬ Daǳa ǬƺǙͮed ǳƺaǳ ƽǓcƽdeǓce ǩaǳeǬ Ǚf TBI aǒǙǓg ǩacƽaǍ gǩǙǶǦǬ 
ͮaǬ ƺƽgƺeǬǳ aǒǙǓg WƺƽǳeǬۥ fǙǍǍǙͮed bʹ HƽǬǦaǓƽcǬۥ AǬƽaǓǬۥ aǓd AfǩƽcaǓ 
AǒeǩƽcaǓǬ۬ CaǬeǬ Ǚf TBI ͮeǩe fǙǶǓd ǳǙ ƽǓcǩeaǬe ͮƽǳƺ ͮeaǍǳƺ۲ ǳƺeǩe ͮeǩe 
 ؿـؾۥفؾ ƺƽǍe ǳƺeǩe ͮeǩeͮ ۥƽǓcƽdeǓǳǬ Ǚf TBI ƽǓ ǳƺe ǍǙͮeǬǳ ǨǶaǩǳƽǍe كلؿۥؽؾ
caǬeǬ Ǚf TBI ƽǓ ǳƺe ƺƽgƺeǬǳۥ ͮeaǍǳƺƽeǬǳ ǨǶaǩǳƽǍe۬ ReǬeaǩcƺeǩǬ aǍǬǙ ǓǙǳed ǳƺaǳ 
TBI ͮaǬ aǬǬǙcƽaǳed ͮƽǳƺ a ރفف ƽǓcǩeaǬed ǩƽǬǋ Ǚf PD dƽagǓǙǬƽǬ afǳeǩ ƺaͭƽǓg 
adǈǶǬǳed fǙǩ deǒǙgǩaǦƺƽc ͭaǩƽabǍeǬ ܐageۥ Ǭeͳۥ ǩaceۥ ƽǓcǙǒeۥ eǳcܑ۬ TƺƽǬ daǳa 
ǬǶggeǬǳed aǓ ƽǓcǩeaǬed ǩƽǬǋ Ǚf PD aǬǬǙcƽaǳed ͮƽǳƺ TBI cǙǒǦaǩed ǳǙ NTT۬ 
SƽǒƽǍaǩǍۥʹ  ǩeǬeaǩcƺeǩǬ fǙǶǓd ǳƺaǳ ǳƺe ǩƽǬǋ Ǚf beƽǓg dƽagǓǙǬed ͮƽǳƺ PD 
ƽǓcǩeaǬeǬ ͮƽǳƺ ǳƺe Ǭeͭeǩƽǳʹ aǓd fǩeǨǶeǓcʹ Ǚf TBIۥ ǦǩǙͭƽdƽǓg ǬǶǦǦǙǩǳ ǳǙ a 
ǒǙǩeܹcaǶǬaǍܹaǬǬǙcƽaǳƽǙǓܹ۬܉فؿ܈

PreͭalenceܹofܹTBIܹinܹpatientsܹͮithܹPD
CǙǓǳǩadƽcǳƽǓg eͭƽdeǓce eͳƽǬǳǬ ǩegaǩdƽǓg ǳƺe ǬǳaǳƽǬǳƽcaǍ ǬƽgǓƽΟcaǓce Ǚf ǳƺe 
aǬǬǙcƽaǳƽǙǓ beǳͮeeǓ TBI aǓd ǳƺe ǩƽǬǋ Ǚf deͭeǍǙǦƽǓg PD ۬܉قؿ܈ TBIܝǩeǍaǳed 
eǒeǩgeǓcʹ ͭƽǬƽǳǬ ƺaͭe ƽǓcǩeaǬed ƽǓ ǩeceǓǳ ʹeaǩǬ ƽǓ ǳƺe UǓƽǳed SǳaǳeǬۥ ͮƽǳƺ 
ageܝadǈǶǬǳed ǩaǳeǬ ǬƺǙͮƽǓg ƽǓcǩeaǬeǬ fǩǙǒ ف۬فـق Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬ ƽǓ 
 Saͭƽca eǳ aǍ۬ ǬƽǒƽǍaǩǍʹ cƽǳeǬ ۬܉كؿ܈ ـؾؽؿ ǦeǩǬǙǓǬ ƽǓ ؽؽؽۥؽؽؾ Ǧeǩ ؾ۬لمل ǳǙ لؽؽؿ
aǓ ƽǓcǩeaǬe ƽǓ PD ƽǓcƽdeǓce ƽǓ ǩeceǓǳ decadeǬ۬ Wƽǳƺ ǳƺeǬe ƽǓcǩeaǬƽǓg ǩaǳeǬۥ ƽǳ 
becǙǒeǬ eͭeǓ ǒǙǩe ǦeǩǳƽǓeǓǳ ǳǙ aǬǬeǬǬ ͮƺeǳƺeǩ ǳƺeǩe ƽǬ a cǙǩǩeǍaǳƽǙǓ 
beǳͮeeǓܹPDܹaǓdܹTBIܹ۬܉لؿ܈

ReceǓǳ eǦƽdeǒƽǙǍǙgƽcaǍ ǬǳǶdƽeǬ ƺaͭe cƽǳed a Ǎacǋ Ǚf cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ ǳƺe 
deͭeǍǙǦǒeǓǳ Ǚf PD aǓd Ǭeͭeǩe ƺead ƽǓǈǶǩʹ۬  OǓe ǬǳǶdʹ aǓaǍʹ͹ed ǳƺe ǒedƽcaǍ
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ǩecǙǩdǬ Ǚf ǳƺe DaǓƽǬƺ ǦǙǦǶǍaǳƽǙǓ ؽؿ ʹeaǩǬ aǓd ǙǍdeǩ ͮƺǙ ͮeǩe ƺǙǬǦƽǳaǍƽ͹ed 
fǙǩ ƺead ǳǩaǶǒa fǩǙǒ ؾمنؾ ǳǙ ۬ـننؾ Of ǳƺe نكلم caǬeǬ ǩeǨǶƽǩƽǓg 
ƺǙǬǦƽǳaǍƽ͹aǳƽǙǓلؽؾ ۥ ǦaǳƽeǓǳǬ deͭeǍǙǦed PDۥ ƽǓ ͮƺƽcƺ قق Ǚf ǳƺǙǬe caǬeǬ ͮeǩe 
ǒaǍe aǓd ؿق caǬeǬ ͮeǩe feǒaǍe۬ Tƺe ǒeaǓ age ǳǙ ǬǶǬǳaƽǓ ǳƺe ƽǓǈǶǩʹ ͮaǬ ل۬نـ 
fǙǩ ǒaǍeǬ aǓd ؿ۬نف fǙǩ feǒaǍeǬ ۬܉مؿ܈ RegaǩdƽǓg ǳƺe Ǭeͭeǩƽǳʹ Ǚf TBIۥ Raǈ eǳ 
aǍ۬ fǙǶǓd ǳƺaǳ ǳƺe ǒeaǓ age Ǚf ǬǶǬǳaƽǓƽǓg ǒǙdeǩaǳeܝǳǙܝǬeͭeǩe TBI نـܐ 
ʹeaǩǬܑ ͮaǬ ǍeǬǬ ǳƺaǓ ǳƺaǳ Ǚf ǦaǳƽeǓǳǬ dƽagǓǙǬed ͮƽǳƺ ǒƽǍd TBI كفܐ ʹeaǩǬܑ 
 ǳƺe eͳǦecǳed ǓǶǒbeǩ Ǚf ۥIǓ a ǬǳǶdʹ bʹ SǦaǓgeǓbeǩg eǳ aǍ۬ ۬܉نؿ܈
ǦaǩǳƽcƽǦaǓǳǬ ͮƺǙ deͭeǍǙǦed PD ͮƽǳƺǙǶǳ ǬǶǬǳaƽǓƽǓg a Ǭeͭeǩe ƺead 
ƽǓǈǶǩʹ ͮaǬ فؾ۬ؿؾؾ Ǧeǩ ؽؽؽۥؽؽؾ ǦeǩǬǙǓǬ ۬܉مؿ܈ DǶe ǳǙ ǳƺeǬe ǩeǬǶǍǳǬۥ ǳƺe 
ǬǳǶdʹ cǙǓcǍǶded ǳƺaǳ ǳƺeǩe ͮaǬ ǓǙ cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ PD ǩƽǬǋ aǓd 
Ǭeͭeǩe ƺead ƽǓǈǶǩʹ aǒǙǓg adǶǍǳǬ۬ SƽǒƽǍaǩǍۥʹ  Raǈ eǳ aǍ۬ fǙǶǓd ǓǙ ǬƽgǓƽΟcaǓǳ 
ǦaǳǳeǩǓ Ǚf cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ TBI ƺƽǬǳǙǩʹܹaǓdܹPDܹǩƽǬǋܹƽǓܹǳƺeܹadǶǍǳܹFƽǓǓƽǬƺܹ
ǦǙǦǶǍaǳƽǙǓܹ۬܉نؿ܈

CǙǓͭeǩǬeǍۥʹ  Ǚǳƺeǩ ǬǳǶdƽeǬ ƺaͭe ǙbǬeǩͭed a cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ PD ǩƽǬǋ aǓd 
TBI۬ A caǬe cǙǓǳǩǙǍ ǬǳǶdʹ cǙǓǬƽǬǳƽǓg Ǚf ǳͮƽǓǬ fǙǶǓd ǳƺaǳ ƺead ƽǓǈǶǩƽeǬ ͮeǩe 
aǬǬǙcƽaǳed ͮƽǳƺ a ǳƺǩeeܝfǙǍd ƽǓcǩeaǬe ƽǓ PDۥ ͮƺƽǍe ƺead ƽǓǈǶǩƽeǬ ͮƽǳƺ aǒǓeǬƽa 
aǓd ǍǙǬǬ Ǚf cǙǓǬcƽǙǶǬǓeǬǬ ͮeǩe ǒǙǩe ǬǳǩǙǓgǍʹ aǬǬǙcƽaǳed ͮƽǳƺ ǳƺe ǙǓǬeǳ Ǚf 
PD۬ TƺeǬe ǩeǬǶǍǳǬ ǬǶggeǬǳ ǳƺaǳ ǒƽǍdܟǳǙܟǒǙdeǩaǳe cǍǙǬed ƺead ƽǓǈǶǩʹ ǒaʹ 
ƽǓcǩeaǬe PD ǩƽǬǋ۬ Iǳ ͮaǬ aǍǬǙ ǙbǬeǩͭed ǳƺaǳ ǳƺe ǩƽǬǋ fǙǩ PD ƽǓcǩeaǬed ͮƽǳƺ ǳƺe 
fǩeǨǶeǓcʹ aǓd Ǭeͭeǩƽǳʹ Ǚf ǳƺe ƺead ƽǓǈǶǩʹ ۬܉ؽـ܈ SƽǒƽǍaǩǍۥʹ  a ǬǳǶdʹ bʹ BǙͮeǩ 
eǳ aǍ۬ cǙǩǩǙbǙǩaǳed ǳƺƽǬ aǬ ǳƺe ǩeǬeaǩcƺeǩǬ fǙǶǓd ǳƺaǳ ǙǓǍʹ ǒǙdeǩaǳeܝǬeͭeǩe 
dƽagǓǙǬeǬܹǙfܹTBIܹͮeǩeܹcǙǩǩeǍaǳedܹͮƽǳƺܹaǓܹƽǓcǩeaǬed PD ǩƽǬǋ ۬܉ؾـ܈ SƽǒƽǍaǩǍۥʹ  
Wƺƽǳe eǳ aǍ۬ fǙǶǓd a ܝنك۬ؿfǙǍd aǓd ܝؽل۬ـfǙǍd ƽǓcǩeaǬe ƽǓ PD ǩƽǬǋ ƽǓ VeǳeǩaǓǬ 
AΜaƽǩǬ ƺeaǍǳƺcaǩe facƽǍƽǳƽeǬܬ ǦaǳƽeǓǳǬ dƽagǓǙǬed ͮƽǳƺ ǒƽǍd TBI aǓd 
ǒǙdeǩaǳe TBIۥ ǩeǬǦecǳƽͭeǍۥʹ  ƽǓdƽcaǳƽǓg a cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ ƽǓcǩeaǬed 
ƽǓcƽdeǓce ǩaǳe aǓd ǳƺe Ǭeͭeǩƽǳʹ Ǚf TBI ۬܉ؿـ܈ BǙͮeǩ eǳ aǍ۬ aǓd Wƺƽǳe eǳ 
aǍ۬ aǍǬǙ ǙbǬeǩͭed a ǦǙǬǬƽbǍe aǬǬǙcƽaǳƽǙǓ beǳͮeeǓ PD ǩƽǬǋ aǓd TBI ƽǓ ǳƺeƽǩܹ
ǬǳǶdƽeǬܹ۬܉ؿـܹۥؾـ܈

DǶǩƽǓg ǙǶǩ ǍƽǳeǩaǳǶǩe ǩeͭƽeͮ ǩegaǩdƽǓg ǳƺe ǦǩeͭaǍeǓce aǓd deǒǙgǩaǦƺƽcǬ 
Ǚf PD aǓd TBIۥ ǬǙǒe ǬǳǶdƽeǬ ǓǙǳed ǳƺe ǦǙǬǬƽbƽǍƽǳʹ Ǚf aǳǳaƽǓƽǓg TBI dǶe ǳǙ 
PD۬ IǓ a ǬǳǶdʹ cǙǓdǶcǳed ƽǓ DeǓǒaǩǋۥ ǦaǳƽeǓǳǬ ͮeǩe fǙǶǓd ǳǙ ƺaͭe a ރؽق
ƺƽgƺeǩ ǩƽǬǋ Ǚf deͭeǍǙǦƽǓg PD ƽf ǳƺeʹ ǬǶǬǳaƽǓed a ƺead ƽǓǈǶǩʹ ǍeǬǬ ǳƺaǓ ؽؾ 
ʹeaǩǬ befǙǩe ǳƺe dƽagǓǙǬƽǬۥ aǓd aǓ eͭeǓ ƺƽgƺeǩ ǩƽǬǋ ƽf ǳƺe TBI ͮaǬ ǬǶǬǳaƽǓed 
ǳƺǩee ǒǙǓǳƺǬ ǦǩƽǙǩ ǳǙ PD dƽagǓǙǬƽǬ۬ DǶe ǳǙ ǳƺƽǬ Ǎacǋ Ǚf cǙǩǩeǍaǳƽǙǓ Ǚͭeǩ 
ǳƺe Ǎܝؽʹeaǩ ǬǳǶdۥʹ  RǶgbǈeǩg eǳ aǍ۬ cǙǓcǍǶded ǳƺaǳ ǳƺeǩe ͮaǬ ǓǙ cǙǩǩeǍaǳƽǙǓ 
beǳͮeeǓ ƺead ƽǓǈǶǩʹ aǓd PD۬ IǓ facǳۥ RǶgbǈeǩg eǳ aǍ۬ ǒeǓǳƽǙǓed ǳƺe 
ǦǙǬǬƽbƽǍƽǳʹ Ǚf PDܝƽǓdǶced TBI dǶe ǳǙ PD ǦaǳƽeǓǳǬܬ ǳeǓdeǓcʹ ǳǙ ƺaͭe a 
ǬǍǙͮeǩ ǩeacǳƽǙǓ ǳƽǒe ۬܉ــ܈ DeǍaʹed ǩeacǳƽǙǓ ǳƽǒe ǒaǋeǬ ƽǳ dƽΝcǶǍǳ fǙǩ PD
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ǦaǳƽeǓǳǬ ǳǙ bǩeaǋ ǳƺeƽǩ faǍǍ ͮƽǳƺ ǳƺeƽǩ aǩǒǬۥ ǩeǬǶǍǳƽǓg ƽǓ a ǒǙǩe Ǭeͭeǩe ƽǓǈǶǩʹ 
ͮƺƽcƺ cǙǶǍd Ǎead ǳǙ TBI۬ Iǳ ƽǬ ǦǙǬǬƽbǍe ǳƺaǳ ƺead ƽǓǈǶǩʹ ƽǓ ǳƺe ǒǙǓǳƺǬ 
ǦǩecedƽǓg PD ƽǬ ǓǙǳ a caǶǬe Ǚf dƽagǓǙǬƽǬۥ bǶǳ ǩaǳƺeǩ a cǙǓǬeǨǶeǓce dǶe ǳǙ 
decǩeaǬed cǙǓǳǩǙǍ Ǚf ǒǙǳǙǩ fǶǓcǳƽǙǓ۬ TƺƽǬ cǙǶǍd Ǭeǩͭe aǬ a ǦǍaǶǬƽbǍe 
eͳǦǍaǓaǳƽǙǓ fǙǩ ǳƺe ǙbǬeǩͭed aǬǬǙcƽaǳƽǙǓ beǳͮeeǓ TBI aǓd ǳƺe ǬǶbǬeǨǶeǓǳ 
PD dƽagǓǙǬƽǬ ƽǓ ǳƺe ǦǩeͭƽǙǶǬ ǬǳǶdʹ۬  TƺƽǬ ǩeͭeǩǬe ǩeǍaǳƽǙǓǬƺƽǦ cǙǶǍd be 
ǒƽǬǳaǋeǓ fǙǩ aǓ aǬǬǙcƽaǳƽǙǓ beǳͮeeǓ TBI aǓd ƽǓcǩeaǬed PD ǩƽǬǋ aǓd 
ǬƺǙǶǍd be ǩeǬeaǩcƺed fǶǩǳƺeǩ ǳǙ aǬǬeǬǬ ǳƺe ǓaǳǶǩe aǓd dƽǩecǳƽǙǓaǍƽǳʹ Ǚf ǳƺƽǬ 
aǬǬǙcƽaǳƽǙǓܹ۬܉ــ܈

Cognition
PD aǓd TBI caǓ gǩeaǳǍʹ aΜecǳ a ǦaǳƽeǓǳ۱Ǭ cǙgǓƽǳƽͭe fǶǓcǳƽǙǓ۬ Tƺe 
aǬǬǙcƽaǳƽǙǓ beǳͮeeǓ ǳƺe ǳͮǙ ǬǶggeǬǳǬ ǳƺaǳ cǙgǓƽǳƽǙǓ caǓ be aΜecǳed fǩǙǒ 
bǙǳƺܹǦƺʹǬƽcaǍܹaǓdܹbƽǙǍǙgƽcaǍܹǬǳaǓdǦǙƽǓǳǬ۬

Cognitiͭeܹdʹsf ǶnctionܹinܹPDܹandܹinܹTBI
CǙgǓƽǳƽͭe dʹǬfǶǓcǳƽǙǓ aǦǦeaǩǬ aǬ a cǙǒǒǙǓ ǬʹǒǦǳǙǒ aǒǙǓg ǳƺǙǬe 
dƽagǓǙǬed ͮƽǳƺ PDۥ aǓd ǓǶǒeǩǙǶǬ ǬǳǶdƽeǬ ƺaͭe eͳaǒƽǓed ǳƺe eͳǳeǓǳ ǳǙ 
ͮƺƽcƺ cǙgǓƽǳƽǙǓ ƽǬ aΜecǳed bʹ PD۬ IǓ ǙǓe ǬǳǶdۥʹ  ʹǦaǩǳƽcƽǦaǓǳǬ ǓeͮǍ قؾؾ 
dƽagǓǙǬed ͮƽǳƺ PD aǓd ؽل ƺeaǍǳƺʹ cǙǓǳǩǙǍ ǦaǩǳƽcƽǦaǓǳǬ ͮeǩe gƽͭeǓ a 
ǓeǶǩǙǦǬʹcƺǙǍǙgƽcaǍ aǬǬeǬǬǒeǓǳۥ ͮƺƽcƺ ƽǓcǍǶded ǳeǬǳǬ fǙǩ ǦǬʹcƺǙǒǙǳǙǩ 
ǬǦeedۥ ǒeǒǙǩۥʹ  ǍaǓgǶageۥ aǳǳeǓǳƽǙǓۥ aǓd eͳecǶǳƽͭe aǓd ͭƽǬǶǙǬǦaǳƽaǍ 
fǶǓcǳƽǙǓǬ۬ PD ǦaǳƽeǓǳǬ ǦeǩfǙǩǒed ǬƽgǓƽΟcaǓǳǍʹ ͮǙǩǬe ǳƺaǓ ƺeaǍǳƺʹ cǙǓǳǩǙǍǬ 
fǙǩ ǒǙǬǳ Ǚf ǳƺe cǙgǓƽǳƽͭe ǒeaǬǶǩeǬ۬ Tƺe ǩeǬǶǍǳǬ ƽǓdƽcaǳed ǳƺaǳ PD ǦaǳƽeǓǳǬ 
ͮeǩe cǙgǓƽǳƽͭeǍʹ ƽǒǦaƽǩed dǶe ǳǙ ǳƺeƽǩ dʹǬfǶǓcǳƽǙǓaǍ ǦeǩfǙǩǒaǓce ǙǓ aǳ 
ǍeaǬǳ ǳƺǩee ǓeǶǩǙǦǬʹcƺǙǍǙgƽcaǍ ǳeǬǳǬ۬ ރفؿ Ǚf PD ǦaǳƽeǓǳǬ ͮeǩe deǳeǩǒƽǓed ǳǙ 
be cǙgǓƽǳƽͭeǍʹ ƽǒǦaƽǩedۥ ͮƺeǩeaǬ ǙǓǍʹ ރف Ǚf ƺeaǍǳƺʹ cǙǓǳǩǙǍǬ ͮeǩe 
cǙgǓƽǳƽͭeǍʹ ƽǒǦaƽǩed۬ Tƺe deΟcƽǳǬ ƽǓ PD ǦaǳƽeǓǳǬ aǦǦeaǩed ƽǓ ǒeǒǙǩʹ aǓd 
eͳecǶǳƽͭe fǶǓcǳƽǙǓǬ۬ AǦǦaǩeǓǳ deΟcƽǳǬ ǒaʹ be ǒƽǬǩeǦǩeǬeǓǳed bʹ ǳƺe ǳʹǦe Ǚf 
ǳeǬǳ gƽͭeǓۥ aǬ ǳƺe ǳeǬǳǬ ǒaʹ ƺaͭe faͭǙǩed aǬǬeǬǬǒeǓǳ Ǚf ƽǒǒedƽaǳe ǒeǒǙǩʹ 
ǩaǳƺeǩ ǳƺaǓ cǙgǓƽǳƽͭe dʹǬfǶǓcǳƽǙǓ aǬ a ͮƺǙǍe ۬܉فـ܈ FǶǩǳƺeǩ aǓaǍʹǬƽǬ ƽǬ 
ͮaǩǩaǓǳed ǳǙ dƽǬceǩǓ facǳǙǩǬ ǬǶcƺ aǬ TBI aǓd faǍǍǬ ǳƺaǳ ǒaʹ ƺaͭe 
cǙǓǳǩƽbǶǳedܹǳǙܹǦeǩfǙǩǒaǓce۬

AǓǙǳƺeǩ ǬǳǶdʹ cǙǓǬƽǬǳed Ǚf a ǦǙǦǶǍaǳƽǙǓܝbaǬedۥ caǬeܝcǙǓǳǩǙǍ eͳaǒƽǓaǳƽǙǓ Ǚf 
cǙgǓƽǳƽͭe fǶǓcǳƽǙǓ ƽǓ eaǩǍʹ PD ǦaǳƽeǓǳǬ۬ Tƺe ǬǳǶdʹ cǙǓǬƽǬǳed Ǚf كف ǦaǳƽeǓǳǬ 
ͮƺǙ ͮeǩe قك ʹeaǩǬ Ǚǩ ǙǍdeǩ ǳƺaǳ ǦǩeǬeǓǳed PD ͮƽǳƺƽǓ Οͭe ʹeaǩǬ۬ AǍǍ ǳƺeǬe 
ǦaǳƽeǓǳǬܹͮeǩeܹeǓǩǙǍǍedܹƽǓܹǳƺeܹNeǶǩǙǍǙgƽcaǍܹDƽǬǙǩdeǩǬܹƽǓ 
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CeǓǳǩaǍܹSǦaƽǓܹ cǙǓǳǩǙǍǬܹfǙǩܹcǙǒǦaǩƽǬǙǓܹܹ۬مـؾNEDICESܑܹaǓdܹǒaǳcƺedܹͮƽǳƺܹܐ
TƺeܹMƽǓƽܝMeǓǳaǍܹSǳaǳeܹEͳaǒƽǓaǳƽǙǓܹۥ aܹ cǙgǓƽǳƽͭeܹabƽǍƽǳʹܹeͳaǒƽǓaǳƽǙǓܹǙfܹǳƺeܹ
eǍdeǩǍۥʹ ܹͮaǬܹadǒƽǓƽǬǳeǩedܹaǓdܹPDܹǦaǳƽeǓǳǬܹǦeǩfǙǩǒedܹͮǙǩǬeܹܐǦܑܹܹفؽ۬ؽܹݯǳƺaǓܹ
cǙǓǳǩǙǍǬܹ۬ SǶbǈecǳƽͭeܹ ǒeǒǙǩʹܹ cǙǒǦǍaƽǓǳǬܹ ͮeǩeܹ ǙbǬeǩͭedܹ ƽǓܹ ܹރل۬مق Ǚfܹ PDܹ
ǦaǳƽeǓǳǬܹ cǙǒǦaǩedܹ ǳǙܹ ܹރلـ ƽǓܹ cǙǓǳǩǙǍǬܹ Ǧܹܐ ܹݯ ܑܹ۬ؽؾؽ۬ؽ ReǬǶǍǳǬܹ ƽǓdƽcaǳedܹ ǳƺaǳܹ
PDܹǦaǳƽeǓǳǬܹͮƺǙܹͮeǩeܹdƽagǓǙǬedܹͮƽǳƺƽǓܹǳƺeܹ ǍaǬǳܹΟͭeܹʹeaǩǬܹdƽdܹǓǙǳܹǦeǩfǙǩǒܹ
ͮeǍǍܹ ǙǓܹ gǍǙbaǍܹ cǙgǓƽǳƽǙǓܹ ǳeǬǳǬܹۥ ͭeǩbaǍܹ ΠǶeǓcʹܹ ǳeǬǳǬܹۥ aǓdܹ ǒeǒǙǩʹܹ ǳeǬǳǬܹ۬
AddƽǳƽǙǓaǍǍۥʹ ܹ ܹكؾ Ǚfܹ ǳƺeܹ ܹكف PDܹ ǦaǳƽeǓǳǬܹ ͮƽǳƺܹ eaǩǍʹܹ PDܹ ͮeǩeܹ ǦǩeͭƽǙǶǬǍʹܹ
ǶǓdƽagǓǙǬedܹ۬܉قـ܈

IǓܹ addƽǳƽǙǓܹۥ aܹ ǬǳǶdʹܹ fǙǍǍǙͮƽǓgܹ cǙgǓƽǳƽͭeܹ cƺaǓgeܹ fǙǩܹ Οͭeܹ ʹeaǩǬܹ ƽǓܹ ǓeͮǍʹܹ
dƽagǓǙǬedܹǦaǳƽeǓǳǬܹͮaǬܹdǙǓeܹǳǙܹeͳǦǍǙǩeܹǳƺeܹeͳǳeǓǳܹǙfܹcǙgǓƽǳƽͭeܹdʹǬfǶǓcǳƽǙǓܹ
ƽǓܹ PDܹǦaǳƽeǓǳǬܹ۬Aǳܹ͹eǩǙܹۥǳƺǩeeܹۥaǓdܹΟͭeܹʹeaǩǬܹۥaܹǬaǒǦǍeܹǙfܹPDܹǦaǳƽeǓǳǬܹܐǓܹܹݯ
eǩeܹgƽͭeǓܹǓeǶǩǙǦǬʹcƺǙǍǙgƽcaǍܑܹܹͮؽفܹݯǓܹܐaǓdܹaܹǬaǒǦǍeܹǙfܹƺeaǍǳƺʹܹcǙǓǳǩǙǍǬܑܹܹنق
aǬǬeǬǬǒeǓǳǬܹ ƽǓܹͮƺƽcƺܹǬƽͳܹcǙgǓƽǳƽͭeܹdǙǒaƽǓǬܹͮeǩeܹ ǳeǬǳedܹ۬ IǓܹaǍǍܹ ǳƺeܹdǙǒaƽǓǬܹ
eͳceǦǳܹ ǳƺeܹ aǬǬeǬǬǒeǓǳܹ Ǚfܹ aǳǳeǓǳƽǙǓܹۥ ǦaǳƽeǓǳǬܹ ͮƽǳƺܹ PDܹ ǬƺǙͮedܹ aܹ gǩeaǳeǩܹ
decǍƽǓeܹ ǳƺaǓܹ ǳƺeܹ ƺeaǍǳƺʹܹ cǙǓǳǩǙǍǬܹ Ǚͭeǩܹ ǳƽǒeܹ۬ IǓdƽͭƽdǶaǍǍۥʹ ܹ ܹރـق Ǚfܹ PDܹ
ǦaǳƽeǓǳǬܹ ǬƺǙͮedܹ aܹ gǩeaǳeǩܹ decǍƽǓeܹ ƽǓܹ cǙgǓƽǳƽǙǓܹ ǳƺaǓܹ cǙǓǳǩǙǍǬܹ۬ OͭeǩaǍǍܹۥ
cǙgǓƽǳƽͭeܹ ƽǒǦaƽǩǒeǓǳܹ ͮƽǳƺܹ ͭaǩʹƽǓgܹ ǍeͭeǍǬܹ Ǚfܹ Ǭeͭeǩƽǳʹܹ ǬeeǒǬܹ ǳǙܹbeܹǦǩeͭaǍeǓǳܹ
aǒǙǓgܹ PDܹǦaǳƽeǓǳǬܹͮۥƽǳƺܹǒeǒǙǩʹܹaǓdܹǦǬʹcƺǙǒǙǳǙǩܹ ǬǦeedܹbeƽǓgܹ ǳƺeܹǒǙǬǳܹ
aΜecǳedܹ ܹ۬܉كـ܈ SƽǒƽǍaǩǍۥʹ ܹ ǦaǳƽeǓǳǬܹ ͮƽǳƺܹ TBIܹ cǙǒǒǙǓǍʹܹ eͳƺƽbƽǳܹ cǙgǓƽǳƽͭeܹ
ƽǒǦaƽǩǒeǓǳ۬

FǶǩǳƺeǩǒǙǩeܹۥ ǬǳǶdƽeǬܹ ƺaͭeܹ ǩeǬeaǩcƺedܹaǩeaǬܹǙfܹ ǳƺeܹbǩaƽǓܹ ƽǓܹͮƺƽcƺܹcǙgǓƽǳƽͭeܹ
ƽǒǦaƽǩǒeǓǳܹ ǙccǶǩǬܹ ƽǓܹ ǦaǳƽeǓǳǬܹ ͮƽǳƺܹ PDܹ۬ OǓeܹ ǬǳǶdʹܹ aǬǬeǬǬedܹ ǳƺeܹ aǩeaǬܹ ƽǓܹ
ͮƺƽcƺܹbǩaƽǓܹaǳǩǙǦƺʹܹǙccǶǩǩedܹ ƽǓܹPDܹǦaǳƽeǓǳǬܹͮƺǙܹaǍǬǙܹƺadܹMƽǍdܹCǙgǓƽǳƽͭeܹ
IǒǦaƽǩǒeǓǳܹ ܹۥMCIܑܐ aܹ cǙgǓƽǳƽͭeܹ ƽǒǦaƽǩǒeǓǳܹ ǳƺaǳܹ dǙeǬܹ ǓǙǳܹ ƽǓǳeǩfeǩeܹ ͮƽǳƺܹ
daƽǍʹܹ acǳƽͭƽǳƽeǬܹ۬ IǓܹ cǙǒǦaǩƽǬǙǓܹ ǳǙܹ PDܹ ǦaǳƽeǓǳǬܹ ͮƽǳƺǙǶǳܹ cǙgǓƽǳƽͭeܹ
ƽǒǦaƽǩǒeǓǳܹۥ PDܹ ǦaǳƽeǓǳǬܹ ͮƽǳƺܹ cǙgǓƽǳƽͭeܹ ƽǒǦaƽǩǒeǓǳܹ ƺadܹ ƺƽǦǦǙcaǒǦaǍܹ
aǳǩǙǦƺۥʹ ܹ aܹ ǦǙǳeǓǳƽaǍܹbƽǙǒaǩǋeǩܹ fǙǩܹ ƽǓƽǳƽaǍܹcǙgǓƽǳƽͭeܹdecǍƽǓeܹ ƽǓܹǦaǳƽeǓǳǬܹͮƽǳƺܹ
PDܹ ܹ۬܉لـ܈ AǬܹ ͮƽǳƺܹ PDܹۥ cǙgǓƽǳƽͭeܹ dʹǬfǶǓcǳƽǙǓܹ ƽǓܹ ǦaǳƽeǓǳǬܹ aǦǦeaǩǬܹ ǳǙܹ beܹ aܹ
cǙǒǒǙǓܹcƺaǩacǳeǩƽǬǳƽcܹ aǒǙǓgܹǦaǳƽeǓǳǬܹͮƽǳƺܹTBIܹ۬TǙܹbeǳǳeǩܹǶǓdeǩǬǳaǓdܹǳƺeܹ
aǬǬǙcƽaǳƽǙǓܹbeǳͮeeǓܹcǙgǓƽǳƽͭeܹdʹǬfǶǓcǳƽǙǓܹaǓdܹTBIܹۥaܹǬǳǶdʹܹͮaǬܹcǙǓdǶcǳedܹ
ƽǓܹ ܹمؽؽؿ ǳǙܹ ƽǓͭeǬǳƽgaǳeܹ cǙgǓƽǳƽͭeܹ ƽǒǦaƽǩǒeǓǳǬܹ ǳeǓܹ ʹeaǩǬܹ afǳeǩܹ ǦaǩǳƽcƽǦaǓǳǬܹ
eͳǦeǩƽeǓcedܹ TBIܹ ǳƽǒeܹܐ ǩaǓgeܹ Ǚfܹ ƽǓƽǳƽaǍܹ ƽǓǈǶǩʹܹ ͮaǬܹ Ǎƽǒƽǳedܹ ǳǙܹ ǳƺeܹ ʹeaǩǬܹ Ǚfܹ
ܹؿننؾ aǓdܹ ܑܹ۬قننؾ ܹؽك TBIܹ ǦaǩǳƽcƽǦaǓǳǬܹ ͮeǩeܹ gaǳƺeǩedܹ aǓdܹ cǙǒǦaǩedܹ ǳǙܹ aܹ
gǩǙǶǦܹǙfܹܹـفdeǒǙgǩaǦƺƽcaǍǍʹܹ ǬƽǒƽǍaǩܹǦaǩǳƽcƽǦaǓǳǬܹ۬TƺeǬeܹgǩǙǶǦǬܹǶǓdeǩͮeǓǳܹ
aܹ ǬeǩƽeǬܹǙfܹ ǳeǬǳǬܹǳƺaǳܹǒeaǬǶǩedܹfǶǓcǳƽǙǓǬܹǬǶcƺܹaǬܹaǳǳeǓǳƽǙǓܹۥǦǩǙceǬǬƽǓgܹǬǦeedܹۥ
ǒeǒǙǩۥʹ ܹaǓdܹeͳecǶǳƽͭeܹ fǶǓcǳƽǙǓܹ۬ReǬǶǍǳǬܹǬƺǙͮedܹǳƺaǳܹǳƺeܹgǩǙǶǦܹǙfܹǦaǳƽeǓǳǬܹ
ͮƺǙܹ ƺadܹ aܹTBIܹ ܹؽؾ ʹeaǩǬܹ ǦǩƽǙǩܹ ǬcǙǩedܹ ǬƽgǓƽΟcaǓǳǍʹܹ ǍǙͮeǩܹ ǳƺaǓܹ ǳƺeܹ cǙǓǳǩǙǍ

Berkeley Pharma Tech Journal of Medicine | 34



gǩǙǶǦ ǙǓ ǳƺe SʹǒbǙǍ Dƽgƽǳ MǙdaǍƽǳƽeǬ TeǬǳ aǓd ǳƺe Dƽgƽǳ SʹǒbǙǍ CǙdƽǓg 
ǬǶbǳeǬǳۥ bǙǳƺ Ǚf ͮƺƽcƺ ǒeaǬǶǩed ƽǓfǙǩǒaǳƽǙǓ ǦǩǙceǬǬƽǓg ǬǦeed۬ TƺeǬe 
ǩeǬǶǍǳǬ ǬǳǩǙǓgǍʹ ǬǶggeǬǳ ǳƺaǳ ǦaǳƽeǓǳǬ ͮƺǙ ǬǶΜeǩed a TBI ǒaʹ eͳǦeǩƽeǓce 
ǍǙǓgܝǳeǩǒܹcǙgǓƽǳƽͭeܹdʹǬfǶǓcǳƽǙǓܹ۬܉مـ܈

IǓ addƽǳƽǙǓ ǳǙ ǍǙǓgܝǳeǩǒ eΜecǳǬۥ ǳƺeǩe aǦǦeaǩǬ ǳǙ be a ǬƺǙǩǳܝǳeǩǒ eΜecǳ ǙǓ 
cǙgǓƽǳƽͭe fǶǓcǳƽǙǓ ƽǓ TBI ǦaǳƽeǓǳǬ aǬ ͮeǍǍ۬ A ǬǳǶdʹ fǩǙǒ ǳƺe UǓƽͭeǩǬƽǳʹ Ǚf 
TeͳaǬ aǳ DaǍǍaǬ ƽǓ كؾؽؿ eͳaǒƽǓed ͮƺeǳƺeǩ a ƺƽǬǳǙǩʹ Ǚf TBI ͮaǬ aǬǬǙcƽaǳed 
ͮƽǳƺ aǓ ƽǓcǩeaǬed ǩƽǬǋ Ǚf eaǩǍƽeǩ ǙǓǬeǳ Ǚf ǒƽǍd cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳ ܐMCIܑ۬ 
 cǙgǓƽǳƽǙǓ ǬǶbǈecǳǬ ͮeǩe ǬeǍecǳedܝǓǙǩǒaǍ ففؿۥـ ǬǶbǈecǳǬ ͮƽǳƺ MCI aǓd لمؾۥـ
fǩǙǒ ǳƺe NaǳƽǙǓaǍ AǍ͹ƺeƽǒeǩ۱Ǭ CǙǙǩdƽǓaǳƽǓg CeǓǳeǩ daǳabaǬe aǓd 
caǳegǙǩƽ͹ed baǬed ǙǓ Ǭeͭeǩƽǳʹ aǓd deǒǙgǩaǦƺƽcǬ۬ Tƺe ǩeǬǶǍǳǬ deǒǙǓǬǳǩaǳed 
ǳƺaǳ ǦaǳƽeǓǳǬ ͮƽǳƺ MCI ͮeǩe dƽagǓǙǬed ـ۬ؿ ʹeaǩǬ eaǩǍƽeǩ ƽǓ ǳƺe TBI ǦǙǬƽǳƽͭe 
gǩǙǶǦ ǳƺaǓ ǳƺe ǬǶbǈecǳǬ ͮƽǳƺǙǶǳ TBIۥ ǬƺǙͮƽǓg TBI aǬ a ǦǙǳeǓǳƽaǍ ǩƽǬǋ facǳǙǩ 
fǙǩ MCI۬ LƽǒƽǳaǳƽǙǓǬ aǩe ͭaǬǳۥ aǬ ǳƺƽǬ aǬǬǙcƽaǳƽǙǓ cǙǶǍd be dǶe ǳǙ Ǚǳƺeǩ 
facǳǙǩǬ ǬǶcƺ aǬ geǓdeǩ Ǚǩ ǒeǓǳaǍ Ǭǳaǳe۬ HǙͮeͭeǩۥ ǳƺƽǬ ǙǦeǓǬ ǳƺe dǙǙǩ fǙǩ 
fǶǩǳƺeǩ ǬǳǶdƽeǬ ǳǙ dƽǬcǙͭeǩ ͮƺeǳƺeǩ TBI aǓd MCI caǓ be aǬǬǙcƽaǳed ͮƽǳƺ aǓ 
ƽǓcǩeaǬedܹǩƽǬǋܹǙfܹǓeǶǩǙdegeǓeǩaǳƽͭeܹdƽǬeaǬeǬܹǬǶcƺܹaǬܹPDܹ۬܉نـ܈

TBIܹandܹPDܹCognitionܹStǶdies
CǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳ ƽǬ a Ǭƺaǩed cƺaǩacǳeǩƽǬǳƽc aǒǙǓg ǦaǳƽeǓǳǬ ͮƽǳƺ TBI 
aǓd PD۬ FǶǩǳƺeǩ eͳǦǍǙǩaǳƽǙǓ Ǚf cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳ ƽǓ ǩeceǓǳ ǬǳǶdƽeǬ ƺaǬ 
ǬƺǙͮǓ ǳƺaǳ ǳƺeǩe ǒaʹ be gǩeaǳeǩ cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳ ƽǓ PD ǦaǳƽeǓǳǬ ͮƺǙ 
eͳǦeǩƽeǓced TBIۥ cǙǒǦaǩed ǳǙ PD ǦaǳƽeǓǳǬ ͮƺǙ ƺaͭe ǓǙǳ eͳǦeǩƽeǓced TBI۬ 
HeǓceۥ ǳƺeǩe ƽǬ a gǩeaǳ Ǔeed ǳǙ ƽǓͭeǬǳƽgaǳe ǳƺe ǩǙǍe Ǚf TBI ƽǓ ƽǓdǶcƽǓg Ǚǩ 
eͳaceǩbaǳƽǓgܹPD۬

A ǩeǬeaǩcƺ ǳeaǒ aǳ UCSF cǙǓdǶcǳed a ǬǳǶdʹ ǳǙ ƽǓͭeǬǳƽgaǳe ǳƺe ǩeǍaǳƽǙǓǬƺƽǦ 
beǳͮeeǓ ƺead ƽǓǈǶǩʹ aǓd PD ǦƺeǓǙǳʹǦe۬ Daǳa cǙǍǍecǳed fǩǙǒ لكؿ ǦaǳƽeǓǳǬ 
ƽǓ ǳƺe PaǩǋƽǓǬǙǓ۱Ǭ PǩǙgǩeǬǬƽǙǓ MaǩǋeǩǬ IǓƽǳƽaǳƽͭe ܐPPMIܑۥ ƽǳ ͮaǬ fǙǶǓd 
ǳƺaǳ ƽǓdƽͭƽdǶaǍǬ ͮƺǙ eͳǦeǩƽeǓced ƺead ƽǓǈǶǩʹ ǦǩƽǙǩ ǳǙ beƽǓg dƽagǓǙǬed 
ͮƽǳƺ PD ƺad ƺƽgƺeǩ ǓǙǓܝǒǙǳǙǩ ǬʹǒǦǳǙǒǬ۬ PD ǦaǳƽeǓǳǬ ͮƽǳƺ aǓʹ ǩeǦǙǩǳ Ǚf 
ƺead ƽǓǈǶǩʹ ǩeceƽͭed a ǒeaǓ ǬcǙǩe Ǚf ـل۬ل ǙǓ ǳƺe MǙͭeǒeǓǳ DƽǬǙǩdeǩǬ 
SǙcƽeǳʹܝUǓƽΟed PaǩǋƽǓǬǙǓ۱Ǭ DƽǬeaǬe RaǳƽǓg ScaǍeۥ ͮƺeǩe ǍǙͮeǩ ǬcǙǩeǬ 
ƽǓdƽcaǳe ǒƽǍdeǩ ǬʹǒǦǳǙǒǬ۬ Bʹ cǙǒǦaǩƽǬǙǓۥ PD ǦaǳƽeǓǳǬ ͮƽǳƺ ǓǙ ƺƽǬǳǙǩʹ Ǚf 
ƺead ƽǓǈǶǩʹ ƺad a ǒeaǓ ǬcǙǩe Ǚf نؾ۬ك ǙǓ ǳƺe Ǭaǒe ǬcaǍe ܐǦ ܑ۬قـؽ۬ؽ ݯ TƺǙǬe 
ͮƽǳƺ Ǭeͭeǩe ƺead ƽǓǈǶǩʹ ƺad ǬcǙǩeǬ Ǚf ۥنؿ۬م aǓd ǳƺǙǬe ͮƽǳƺǙǶǳ a ƺead ƽǓǈǶǩʹ 
ǩeǦǙǩǳ ƺad a ǬcǙǩe Ǚf ܐ نؾ۬كǦ ܑ۬ؾقؽ۬ؽ ݯ AddƽǳƽǙǓaǍǍۥʹ  ǒǙǳǙǩ ǬʹǒǦǳǙǒǬ ͮeǩe
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ƺƽgƺeǩ ƽǓ ǳƺǙǬe ͮƺǙ ƺad a Ǭeͭeǩe ƺead ƽǓǈǶǩʹ ܐǬcǙǩe Ǚf ܑقـ۬م ǙǓ ǳƺe MDS 
aǬǬeǬǬǒeǓǳܹͮۥƺeǩeaǬܹ ǦaǳƽeǓǳǬܹͮƽǳƺǙǶǳܹ aܹ ƺeadܹ ƽǓǈǶǩʹܹ ƺƽǬǳǙǩʹܹ ƺadܹ aܹ ǬcǙǩeܹ Ǚfۤ 
۬܉ؽف܈ܑܹؿفؽ۬ؽܹݯǦܹܐܹنؾ۬ك

)LJXUH 1: PD ZLWK VeYeUe Kead LQMXU\ KaV WKe KLgKeVW VcRUe (8.29) RQ WKe MRYePeQW DLVRUdeUV 
SRcLeW\-UQLfLed PaUNLQVRQ¶V DLVeaVe RaWLQg ScaOe.

A ǬeǦaǩaǳe ǍǙǓgƽǳǶdƽǓaǍ ǬǳǶdʹ ǳǙǙǋ ǦǍace Ǚͭeǩ ǳͮǙ ʹeaǩǬ aǓd cǙǓǬƽǬǳed Ǚf 
cǙgǓƽǳƽͭe ǳeǬǳƽǓg ǙǓ PD ǦaǳƽeǓǳǬ ͮƽǳƺ aǓd ͮƽǳƺǙǶǳ a ƺƽǬǳǙǩʹ Ǚf TBI۬ Tƺe 
ǬǳǶdʹ fǙǶǓd ǳƺaǳ ǦaǳƽeǓǳǬ ͮƽǳƺ a ƺƽǬǳǙǩʹ Ǚf TBI faced ǒǙǩe ǬƽgǓƽΟcaǓǳ 
cǙgǓƽǳƽͭe decǍƽǓe Ǚͭeǩ ǳƺe ǳͮǙ ʹeaǩǬ۬ Afǳeǩ ǳaǋƽǓg ǳƺe MaǳǳƽǬ DeǒeǓǳƽa 
RaǳƽǓg ScaǍe ǳeǬǳۥ ͮƺƽcƺ ǒeaǬǶǩeǬ aǳǳeǓǳƽǙǓۥ ƽǓƽǳƽaǳƽǙǓܝǦeǩǬeͭeǩaǳƽǙǓۥ 
cǙǓǬǳǩǶcǳƽǙǓۥ ǒeǒǙǩۥʹ  aǓd cǙǓceǦǳǶaǍƽ͹aǳƽǙǓۥ PD ǦaǳƽeǓǳǬ ͮƽǳƺǙǶǳ TBI 
ƺad ƽǒǦǩǙͭed ǬcǙǩeǬ afǳeǩ ǳͮǙ ʹeaǩǬۥ ͮƺeǩeaǬ PD ǦaǳƽeǓǳǬ ͮƽǳƺ TBI ƺad a 
decǍƽǓe ƽǓ ǬcǙǩeǬ۬ HǙͮeͭeǩۥ bǙǳƺ faced a ǬƽǒƽǍaǩ decǩeaǬe ƽǓ ǒǙǳǙǩ fǶǓcǳƽǙǓ 
aǓd a ǬƽǒƽǍaǩ ƽǓcǩeaǬe ƽǓ deǦǩeǬǬƽͭe ǬʹǒǦǳǙǒǬ۬ Tƺe PD gǩǙǶǦ ͮƽǳƺ a ƺƽǬǳǙǩʹ 
Ǚf TBI faǩe ͮǙǩǬe ƽǓ bǙǳƺ ǒeǒǙǩʹ aǓd ƽǓƽǳƽaǳƽǙǓ۳ǦǩeǬeǩͭaǳƽǙǓ ǬǶbǬcaǍeǬ 
 TƺƽǬ ǬǳǶdʹ deǒǙǓǬǳǩaǳed a ǦǙǳeǓǳƽaǍ cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ TBI aǓd PD ۬܉ؾف܈
ǬʹǒǦǳǙǒǬ۬ AǓǙǳƺeǩ cǩǙǬǬܝǬecǳƽǙǓaǍ cǙƺǙǩǳ ǬǳǶdʹ ͮaǬ cǙǓdǶcǳed ǳǙ 
ƽǓͭeǬǳƽgaǳe ͮƺeǳƺeǩ a ǦaǳƽeǓǳ۱Ǭ ƺƽǬǳǙǩʹ Ǚf TBI cǙǶǍd be aǬǬǙcƽaǳed ͮƽǳƺ PD 
aǓd cǙgǓƽǳƽͭeۥ ǒǙǳǙǩۥ aǓd ǓeǶǩǙǦǬʹcƺƽaǳǩƽc ǬʹǒǦǳǙǒǬ۬ ؽؿؾ ǦaǳƽeǓǳǬ 
beǳͮeeǓ ǳƺe ageǬ Ǚf ؽك ǳǙ قم ͮeǩe aǬǬeǬǬed fǙǩ deǒǙgǩaǦƺƽc daǳaۥ 
ǓeǶǩǙǦǬʹcƺǙǍǙgƽcaǍ ǳeǬǳǬۥ ǒǙǳǙǩ eͭaǍǶaǳƽǙǓۥ ǓeǶǩǙǦǬʹcƺƽaǳǩƽc 
ǨǶeǬǳƽǙǓǓaƽǩeǬۥ aǓd a bǩaƽǓ ƽǓǈǶǩʹ ǬcǩeeǓƽǓg ǨǶeǬǳƽǙǓǓaƽǩe۬ Of ǳƺe ؽؿؾ 
ǦaǳƽeǓǳǬنك ۥ ƺad PD aǓd ؾق ͮeǩe ƺeaǍǳƺʹ cǙǓǳǩǙǍǬ۬ ReǬǶǍǳǬ fǩǙǒ ǳƺƽǬ ǬǳǶdʹ 
cǙǓcǍǶded ǳƺeǩe ͮaǬ a ǬƽgǓƽΟcaǓǳ Ǔegaǳƽͭe cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ ǳƺe ǓǶǒbeǩ 
Ǚf TBIǬ ƽǓ PD ǦaǳƽeǓǳǬ aǓd ǒeaǓ ͹ܝǬcǙǩeǬ fǙǩ gǍǙbaǍ cǙgǓƽǳƽǙǓ ܐǩǬ ݯ ܑنكܐ
۬܉ؿف܈ܑܹفؽؽ۬ؽܹݯǦܹܹۥمــ۬ؽݬ
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NeǶrodegeneration in PD and TBI and its EΜects on
Cognition
Tƺe eΜecǳǬ Ǚf TBI ǙǓ ǳƺe bǩaƽǓ ǒaʹ ƽǓcǩeaǬe ǳƺe Ǭeͭeǩƽǳʹ Ǚf cǙgǓƽǳƽͭe 
ƽǒǦaƽǩǒeǓǳ bʹ eͳaceǩbaǳƽǓg ǳƺe ǓeǶǩǙdegeǓeǩaǳƽǙǓ ǦǩeǬeǓǳ ƽǓ PD۬ 
WeƽǓǳǩaǶb eǳ aǍ۬ ܉لـ܈ cǙǓdǶcǳed a ǬǳǶdʹ ǳǙ aǬǬeǬǬ ǩegƽǙǓǬ ƽǓ ͮƺƽcƺ bǩaƽǓ 
aǳǩǙǦƺʹ ǙccǶǩǩed ƽǓ ǦaǳƽeǓǳǬ ͮƽǳƺ PD ͮƽǳƺ ǓǙǩǒaǍ cǙgǓƽǳƽǙǓۥ PD ͮƽǳƺ 
ǒƽǍd cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳۥ aǓd deǒeǓǳƽaܝǍeͭeǍ cǙgǓƽǳƽͭe decǍƽǓe۬ فم PD 
ǦaǳƽeǓǳǬ ؾكܐ PD ǓǙǩǒaǍ cǙgǓƽǳƽǙǓؿؾ ۥ PD ǒƽǍd cǙgǓƽǳƽͭe ƽǒǦaƽǩedۥ aǓd ؾؾ 
deǒeǓǳƽaܝǍeͭeǍ cǙgǓƽǳƽͭe ƽǒǦaƽǩedܑ aǓd ـؿ ƺeaǍǳƺʹ cǙǓǳǩǙǍǬ ͮeǩe aǬǬeǬǬed 
ǶǬƽǓg ǒagǓeǳƽc ǩeǬǙǓaǓce ƽǒagƽǓg Ǚf ǳƺe bǩaƽǓ۬ ReǬǶǍǳǬ ƽǓdƽcaǳed ǳƺaǳ 
ƽǓdƽͭƽdǶaǍǬ ͮƺǙ ƺad PD aǓd ǓǙǩǒaǍ cǙgǓƽǳƽǙǓ dƽd ǓǙǳ ƺaͭe ǬƽgǓƽΟcaǓǳ 
bǩaƽǓ aǳǩǙǦƺʹ cǙǒǦaǩed ǳǙ ǳƺe ƺeaǍǳƺʹ cǙǓǳǩǙǍǬ۬ WƺeǓ cǙǒǦaǩƽǓg ǳƺe PD 
ǦaǳƽeǓǳǬ ͮƽǳƺ ǓǙǩǒaǍ cǙgǓƽǳƽǙǓ aǓd ǦaǳƽeǓǳǬ ͮƽǳƺ ǒƽǍd cǙgǓƽǳƽͭe 
ƽǒǦaƽǩǒeǓǳۥ PD ǦaǳƽeǓǳǬ ͮƽǳƺ ǒƽǍd cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳ deǒǙǓǬǳǩaǳed 
ƺƽǦǦǙcaǒǦaǍ aǳǩǙǦƺʹ ܐ՚ ۲لـ۬ؽݬ ݯ P ۥܑؾؽؽ۬ ݯ aǓd PD ǦaǳƽeǓǳǬ ͮƽǳƺ 
deǒeǓǳƽa ƺad ƺƽǦǦǙcaǒǦaǍ ܐ՚ ۲ؿـ۬ؽݬ ݯ P ܑفؽؽ۬ ݯ aǓd ǒedƽaǍ ǳeǒǦǙǩaǍ ǍǙbe 
aǳǩǙǦƺʹ ܐ՚ ۲كـ۬ؽݬ ݯ P ۬܉لـ܈ ܑـؽؽ۬ ݯ PD ǦaǳƽeǓǳǬ ͮƽǳƺ ǒƽǍd cǙgǓƽǳƽͭe 
ƽǒǦaƽǩǒeǓǳ ƺad a ǬƽǒƽǍaǩ ǦaǳǳeǩǓ ǳǙ ǳƺe ǦaǳƽeǓǳǬ ͮƽǳƺ bǙǳƺ deǒeǓǳƽa aǓd 
PD۬ A cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ ǒeǒǙǩʹܝeǓcǙdƽǓg ǦeǩfǙǩǒaǓce aǓd 
ƺƽǦǦǙcaǒǦaǍ ͭǙǍǶǒe ͮaǬ fǙǶǓd ƽǓ ǳƺe PD gǩǙǶǦǬ ǓǙǳ eͳƺƽbƽǳƽǓg deǒeǓǳƽa۬ 
FǩǙǒ ǳƺƽǬ ǬǳǶdۥʹ  ƽǳ ͮaǬ cǙǓcǍǶded ǳƺaǳ ƺƽǦǦǙcaǒǦaǍ aǳǩǙǦƺʹ ǒaʹ Ǭeǩͭe aǬ a 
bƽǙǒaǩǋeǩ Ǚf ƽǓƽǳƽaǍ cǙgǓƽǳƽͭeܹdecǍƽǓeܹƽǓܹPDܹ۬܉لـ܈

PD ǦaǳƽeǓǳǬ ͮƽǳƺ ǒƽǍd cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳ aǍǬǙ ǬƺǙͮed a faǬǳeǩ ǩaǳe Ǚf 
cǙǩǳƽcaǍ ǳƺƽǓǓƽǓg۬ AccǙǩdƽǓg ǳǙ ǳƺe MǙǓǳǩeaǍ CǙgǓƽǳƽͭe AǬǬeǬǬǒeǓǳۥ 
ǬƽgǓƽΟcaǓǳ ǳƺƽǓǓƽǓg Ǚf ǳƺe ǳeǒǦǙǩaǍ aǓd ǒedƽaǍ ǙccƽǦƽǳaǍ ǍǙbe ͮaǬ 
cǙǩǩeǍaǳed ͮƽǳƺ a decǍƽǓe ƽǓ cǙgǓƽǳƽͭe fǶǓcǳƽǙǓ ۬܉ـف܈ TǙ ǶǓdeǩǬǳaǓd ǳƺe 
geǓeǳƽc ǓaǳǶǩe Ǚf cǙgǓƽǳƽͭe ƽǒǦaƽǩǒeǓǳۥ ǩeǬeaǩcƺeǩǬ fǩǙǒ NǙǩǳƺ CƺƽǓa 
UǓƽͭeǩǬƽǳʹ cǙǓdǶcǳed aǓ eͳǦeǩƽǒeǓǳ ǳǙ aǓaǍʹ͹e ǳƺe dʹǬǩegǶǍaǳed eͳǦǩeǬǬƽǙǓ 
Ǚf ǒƽcǩǙRNAܐ ففؾǒƽRNAܑ aǓd ƽǳǬ ǩǙǍe ƽǓ ǳƺe ǦaǳƺǙgeǓeǬƽǬ Ǚf TBI ƽǓ a ǩaǳ 
ǒǙdeǍ TBI۬ AccǙǩdƽǓg ǳǙ ǳƺe ǩeǬeaǩcƺeǩǬۥ ǒƽRففؾܝ ǙͭeǩeͳǦǩeǬǬƽǙǓ ͮaǬ a 
cǙǒǒǙǓ cƺaǩacǳeǩƽǬǳƽc Ǚf ǓeǶǩǙǍǙgƽcaǍ dƽǬeaǬeǬۥ aǬ MƽRففؾܝ cǙǶǍd aǍǳeǩ 
geǓe eͳǦǩeǬǬƽǙǓ ƽǓ ǳƺe ƺƽǦǦǙcaǒǦǶǬ۬ Afǳeǩ aǓaǍʹ͹ƽǓg ǳƺe ǒƽRففؾܝ geǓe ƽǓ 
TBI ǦaǳƽeǓǳǬ aǓd TBI ƽǓ ǩaǳǬ ƽǓ ͭƽͭǙ aǓd ƽǓ ͭƽǳǩǙۥ ǩeǬeaǩcƺeǩǬ fǙǶǓd ǳƺaǳ ǳƺe 
ƽǓƺƽbƽǳƽǙǓ Ǚf ǳƺe geǓe Ǎed ǳǙ a beǳǳeǩ ǓeǶǩǙǍǙgƽcaǍ ǙǶǳcǙǒe afǳeǩ TBI ƽǓ ͭƽͭǙ 
aǓd ƽǒǦǩǙͭed cǙgǓƽǳƽͭe deΟcƽǳǬ۬ Tƺe ǩeǬeaǩcƺeǩǬ aǍǬǙ fǙǶǓd ǳƺaǳ 
ǙͭeǩeͳǦǩeǬǬƽǙǓ Ǚf ǳƺe ǒƽRففؾܝ geǓe Ǎed ǳǙ aǓ ƽǓƺƽbƽǳƽǙǓ Ǚf ǳƺe ADAMؽؾ 
eͳǦǩeǬǬƽǙǓۥ ͮƺƽcƺ caǓ ǒǙdǶǍaǳe beǳaܝaǒʹǍǙƽd fǙǩǒaǳƽǙǓۥ a cǙǒǒǙǓ
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ǦǩǙǳeƽǓ ƽǓͭǙǍͭed ƽǓ ǳƺe deͭeǍǙǦǒeǓǳ Ǚf cǙgǓƽǳƽͭe deΟcƽǳǬ۬ TƺeǬe ǩeǬǶǍǳǬ 
deǒǙǓǬǳǩaǳe ǳƺe ǦǙǳeǓǳƽaǍ ǩeǍaǳƽǙǓǬƺƽǦ beǳͮeeǓ cǙgǓƽǳƽͭe deΟcƽǳǬ ƽǓ TBI 
aǓd geǓe eͳǦǩeǬǬƽǙǓ ƽǓ ǳƺe bǩaƽǓۥ ͮƺƽcƺ cǙǶǍd Ǎead ǳǙ ǓeǶǩǙǍǙgƽcaǍ dƽǬeaǬeǬ 
ǬǶcƺܹaǬܹPDܹ۬܉فف܈

PǩeͭƽǙǶǬ ǩeǬeaǩcƺ ƺaǬ ƽǓͭeǬǳƽgaǳed aǩeaǬ Ǚf ǳƺe bǩaƽǓ ǩeǬǦǙǓǬƽbǍe fǙǩ 
cǙgǓƽǳƽͭe dʹǬfǶǓcǳƽǙǓ cǙǒǒǙǓǍʹ ǙbǬeǩͭed ƽǓ TBIۥ PDۥ deǦǩeǬǬƽǙǓۥ aǓd 
deǒeǓǳƽa۬ Afǳeǩ aǓaǍʹ͹ƽǓg ǒagǓeǳƽc ǩeǬǙǓaǓce ƽǒagƽǓg ܐMRIܑ daǳa fǩǙǒ 
ǦaǩǳƽcƽǦaǓǳǬۥ ǩeǬeaǩcƺeǩǬ fǙǶǓd fǩǙǓǳǙǦaǩƽeǳaǍ aǓd fǩǙǓǳǙܝǙccƽǦƽǳaǍ ǓeǳͮǙǩǋǬ 
aǓd ǳeǒǦǙǩǙǦaǩƽeǳaǍۥ ƽǓfeǩƽǙǩ fǩǙǓǳaǍ cǙǩǳƽceǬ ͮeǩe ǳƺe Ǧǩƽǒaǩʹ ǬʹǬǳeǒǬ 
ǩeǬǦǙǓǬƽbǍe fǙǩ ƽǓfǙǩǒaǳƽǙǓ ǦǩǙceǬǬƽǓg ǬǦeed aǓd ǬǳƽǒǶǍǶǬܝdǩƽͭeǓ aǳǳeǓǳƽǙǓ 
ǙfܹǳƺeܹbǩaƽǓܹ۬܉قف܈

)LJXUH 2: TKe PedLaO WePSRUaO ORbe, KLgKOLgKWLQg WKe KLSSRcaPSaO aUea affecWed b\ TBI aQd 
PD.

Biological ܹ       Factors
CǶǩǩeǓǳ ǍƽǳeǩaǳǶǩe ƺaǬ ǍaǩgeǍʹ fǙcǶǬed ǙǓ ǳƺe ǩǙǍe Ǚf bƽǙǍǙgƽcaǍ ǒǙǍecǶǍeǬ 
ǬǶcƺ aǬ aǍǦƺaܝǬʹǓǶcǍeƽǓۥ a ǦǩeǬʹǓaǦǳƽc ǓeǶǩǙǓaǍ ǦǩǙǳeƽǓ ǳƺaǳ ǩegǶǍaǳeǬ ǳƺe 
ǳǩaΝcǋƽǓg Ǚf ǬʹǓaǦǳƽc ͭeǬƽcǍeǬ aǓd ǳƺe ǩeǍeaǬe Ǚf ǓeǶǩǙǳǩaǓǬǒƽǳǳeǩǬۥ aǓd 
eǓ͹ʹǒeǬ ǬǶcƺ aǬ ǳʹǩǙǬƽǓe ƺʹdǩǙͳʹǍaǬe۬ AddƽǳƽǙǓaǍǍۥʹ  bƽǙǍǙgƽcaǍ ǦƺeǓǙǒeǓa 
ǬǶcƺ aǬ Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ aǓd ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓ aǩe ǦǙǬǬƽbǍe cǙǓdƽǳƽǙǓǬ ǳƺaǳ 
ǒaʹܹcǙǓǳǩƽbǶǳeܹǳǙܹǳƺeܹǍǙǬǬܹǙfܹdǙǦaǒƽǓeǩgƽcܹǓeǶǩǙǓǬ۬
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AlphaܝSʹnǶclein
Tƺe ǓeǶǩǙdegeǓeǩaǳƽͭe eΜecǳǬ caǶǬed bʹ TBI aǓd PD ƺaͭe beeǓ cǙǩǩeǍaǳed 
ͮƽǳƺ ǬǦecƽΟc ǦǩǙǳeƽǓǬ ƽǓ ǳƺe bǩaƽǓ۬ TǙ ǶǓdeǩǬǳaǓd ǦaǳƺǙǍǙgƽcaǍ cǙǩǩeǍaǳƽǙǓǬ 
beǳͮeeǓ PD dƽǬeaǬe aǓd TBIۥ ǳƺe ǬǳǩǶcǳǶǩe aǓd ǬƽgǓƽΟcaǓce Ǚf 
aǍǦƺaܝǬʹǓǶcǍeƽǓ ǒǶǬǳ be dƽǬcǶǬǬed۬ A dǙǒƽǓaǓǳ ǦaǳƺǙǍǙgƽcaǍ cƺaǩacǳeǩƽǬǳƽc 
Ǚf PD ƽǬ ǳƺe abǓǙǩǒaǍ fǙǍdƽǓg aǓd accǶǒǶǍaǳƽǙǓ Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓ ƽǓ 
ǦǩǙǳeƽǓ deǦǙǬƽǳǬ ǋǓǙͮǓ aǬ Leͮʹ bǙdƽeǬ۬ AggǩegaǳƽǙǓ aǓd ǙͭeǩeͳǦǩeǬǬƽǙǓ Ǚf 
aǍǦƺaܝǬʹǓǶcǍeƽǓ ƺaͭe beeǓ ǬƺǙͮǓ ǳǙ dƽǬǩǶǦǳ ǳƺe ceǍǍ ǒeǒbǩaǓe Ǚf 
dǙǦaǒƽǓeǩgƽcܹǓeǶǩǙǓǬܹۥcaǶǬƽǓgܹǓeǶǩǙǓaǍܹdaǒageܹ۬܉كف܈

AǍǦƺaܝǬʹǓǶcǍeƽǓ ƺaǬ dƽΜeǩeǓǳ ǬǳǩǶcǳǶǩaǍ fǙǩǒǬۥ ǬǶcƺ aǬ ǳƺe ǙǍƽgǙǒeǩ aǓd 
ΟbǩƽǍǍaǩ fǙǩǒǬۥ ͮƺƽcƺ ƺaͭe ͭaǩʹƽǓg eΜecǳǬ ǙǓ PD ǦaǳƺǙǍǙgʹ۬  A ǬǳǶdʹ 
cǙǓdǶcǳed bʹ FǩǙǶǍa eǳ aǍ۬ ƽǓͭeǬǳƽgaǳed ǳƺe ǬǳabǍe ՚ܝaǒʹǍǙƽdܛǬƺeeǳ ǙǍƽgǙǒeǩ 
fǙǩǒ ܐǬecǙǓdaǩʹ ǦǩǙǳeƽǓ ǬǳǩǶcǳǶǩeܑ Ǚf ǳƺe aǍǦƺa ǬʹǓǶcǍeƽǓ ǦǩǙǳeƽǓ ƽǓ 
cǙǒǦaǩƽǬǙǓ ǳǙ ǳƺe ΟbǩƽǍǍaǩ fǙǩǒ ǳǙ ƽdeǓǳƽfʹ ǳƺeƽǩ ͭaǩʹƽǓg abƽǍƽǳƽeǬ ǳǙ ƽǓdǶce 
cƺaǩacǳeǩƽǬǳƽcǬ Ǚf PD ۬܉لف܈ Tƺe ͭaǩƽǙǶǬ ͮeǍǍܝdeΟǓed fǙǩǒǬ Ǚf aǍǦƺaܝ
ǬʹǓǶcǍeƽǓ ͮeǩe ƽǓǈecǳed ƽǓǳǙ ǳƺe ǬǳǩƽaǳǶǒ Ǚf ǒƽceۥ ͮƽǳƺ a ǒǙǓǙǒeǩƽc aǍǦƺaܝ
ǬʹǓǶcǍeƽǓ ƽǓǈecǳƽǙǓ ǬeǩͭƽǓg aǬ ǳƺe cǙǓǳǩǙǍ Ǚf ǳƺe eͳǦeǩƽǒeǓǳ۬ 
NeǶǩǙǦaǳƺǙǍǙgƽcaǍ ǙǶǳcǙǒeǬ ͮeǩe ǒǙǓƽǳǙǩed bʹ ǦeǩfǙǩǒƽǓg 
ƽǒǒǶǓǙƺƽǬǳǙcƺeǒƽǬǳǩʹ ǶǬƽǓg aǓ aǓǳƽbǙdʹ fǙǩ aǍǦƺa ǬʹǓǶcǍeƽǓۥ 
ǦƺǙǬǦƺǙǩʹǍaǳed aǳ ǬeǩƽǓe ۬نؿؾ ReǬǶǍǳǬ ǬƺǙͮed ǳƺaǳ ƽǓ cǙǒǦaǩƽǬǙǓ ǳǙ ǳƺe 
ǒǙǓǙǒeǩܝƽǓǈecǳed ǒƽceۥ ΟbǩƽǍǬۥ ceǍǍǶǍaǩ cǙǒǦǙǓeǓǳǬ ǳƺaǳ ǦǩǙͭƽde ǬǳabƽǍƽǳۥʹ  
ǦǩǙdǶced ރؽـݷ ǍǙǬǬ Ǚf dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa 
cǙǒǦacǳa aǓd ǍǙǬǬ Ǚf dǙǦaǒƽǓe ǳeǩǒƽǓaǍǬ ƽǓ ǳƺe ǬǳǩƽaǳǶǒ۬ IǓǈecǳƽǙǓ Ǚf ΟbǩƽǍ 
aǍǦƺaܝǬʹǓǶcǍeƽǓ aǍǬǙ ʹƽeǍded a ƺƽgƺeǩ cǙǓceǓǳǩaǳƽǙǓ Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓܛ
ǦǙǬƽǳƽͭe ƽǓcǍǶǬƽǙǓǬ۬ IǓ cǙǓǳǩaǬǳۥ ƽǓǈecǳƽǙǓ Ǚf ǳƺe ՚ܝǬƺeeǳ ǙǍƽgǙǒeǩ ǩeǬǶǍǳed ƽǓ 
a ǬǒaǍǍeǩ ǍǙǬǬ Ǚf dǙǦaǒƽǓe ǓeǶǩǙǓǬ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa cǙǒǦacǳa bǶǳ 
ǬƺǙͮed ǓǙ ǬƽgǓǬ Ǚf ƽǓcǍǶǬƽǙǓ fǙǩǒaǳƽǙǓ۬ IǓ addƽǳƽǙǓۥ ǳƺe ΟbǩƽǍǍaǩ fǙǩǒ Ǚf 
aǍǦƺaܝǬʹǓǶcǍeƽǓ Ǎed ǳǙ ǓǙǳabǍe ǒǙǳǙǩ defecǳǬۥ ͮƺƽǍe ǙǍƽgǙǒeǩܝƽǓǈecǳed ǒƽce 
dƽd ǓǙǳ eͳƺƽbƽǳ a decǍƽǓe ƽǓ ǒǙǳǙǩ beƺaͭƽǙǩ۬ Iǳ ͮaǬ cǙǓcǍǶded ǳƺaǳ ǳƺe 
ΟbǩƽǍǍaǩ fǙǩǒ Ǚf aǍǦƺa ǬʹǓǶcǍeƽǓ ƺad a ǒǙǩe ǬƽgǓƽΟcaǓǳ ǳǙͳƽc ƽǒǦacǳ ǳƺaǓ 
ǳƺe ՚ܝǬƺeeǳ ǙǍƽgǙǒeǩǬ dǶe ǳǙ ǳƺe ΟbǩƽǍǍaǩ ǦǩǙǳeƽǓܬǬ abƽǍƽǳʹ ǳǙ ǩecǩǶƽǳ aǍǦƺaܝ
ǬʹǓǶcǍeƽǓ ǒǙǓǙǒeǩǬ aǓd ǬǦǩead ǒǙǩe ǨǶƽcǋǍʹ ƽǓ ͭƽͭǙ۬ OͭeǩaǍǍۥ ǳƺƽǬ ǩeǬeaǩcƺ 
cǙǓcǍǶded ǳƺaǳ ǳƺe ΟbǩƽǍǍaǩ fǙǩǒ Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓ ǦǍaʹǬ aǓ ƽǒǦǙǩǳaǓǳ ǩǙǍe 
ƽǓ ǳƺe ƽǓdǶcǳƽǙǓ Ǚf PDܝǩeǍaǳed ǦƺeǓǙǳʹǦeǬۥ aǓd ƽǓǳeǩeǬǳƽǓgǍۥʹ ܹ aǍǦƺaܝ
ǬʹǓǶcǍeƽǓܹƺaǬܹǦǩǙͭeǓܹǳǙܹbeܹaܹcƺaǩacǳeǩƽǬǳƽcܹǙfܹTBI۬

IǓ aǓ ƽǓ ͭƽͭǙ ǬǳǶdʹ bʹ AcǙǬǳa eǳ aǍ۬ۥ ǒaǍe ǩaǳǬ ǶǓdeǩͮeǓǳ cǙǩǳƽcaǍ ƽǒǦacǳ ǳǙ 
ǬƽǒǶǍaǳe TBI ۬܉كف܈ Sƽͳǳʹ daʹǬ afǳeǩ TBI ǬǶǩgeǩۥʹ  ǳƺe bǩaƽǓ ǳƽǬǬǶeǬ Ǚf ǳƺeǬe
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ǩaǳǬ ͮeǩe ƺaǩͭeǬǳed fǙǩ ǳeǬǳƽǓg۬ Cƺaǩacǳeǩƽ͹aǳƽǙǓ Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓ ƽǓ 
TBIܝƽǓdǶced bǩaƽǓǬ ͮaǬ ǬǳǶdƽed ǳƺǩǙǶgƺ ƽǒǒǶǓǙΠǶǙǩeǬceǓǳ ǬǳaƽǓƽǓg Ǚf 
ǬecǳƽǙǓǬ Ǚf ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa۬ PeǩfǙǩǒƽǓg ǳƺƽǬ eͳǦeǩƽǒeǓǳ ǬƺǙͮed ǳƺaǳ 
bǩaƽǓ ǳƽǬǬǶe eͳǦǙǬed ǳǙ TBI ƺad aǓ ƽǓcǩeaǬed accǶǒǶǍaǳƽǙǓ Ǚf 
aǍǦƺaܝǬʹǓǶcǍeƽǓ ƽǓ ǳƺe ƽǦǬƽǍaǳeǩaǍ ǬǶbǬǳaǓǳƽa Ǔƽgǩa ǦaǩǬ cǙǒǦacǳa۬ TBI 
ǩeǬǶǍǳed ƽǓ a ǳƺǩeeܝfǙǍd ǶǦǩegǶǍaǳƽǙǓ Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓ deǓǬƽǳʹ aǩǙǶǓd ǳƺe 
ǬǙǒa aǓd ǓeǶǩƽǳeǬ Ǚf dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬۥ ͮƺƽcƺ ǳǩƽggeǩed dǙǦaǒƽǓeǩgƽc 
ceǍǍ deaǳƺ۬ ReǬeaǩcƺeǩǬ cǙǓcǍǶded ǳƺaǳ ǳƺe aǍǦƺa ǬʹǓǶcǍeƽǓ ǙͭeǩeͳǦǩeǬǬƽǙǓ ƽǓ 
TBIܝeͳǦǙǬed bǩaƽǓǬ Ǎed ǳǙ a ǍǙǬǬ Ǚf dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ aǓd Ǭeǩͭed aǬ a 
cǙǓǓecǳƽǙǓ beǳͮeeǓ TBI aǓd ǳƺe deͭeǍǙǦǒeǓǳ Ǚf PD ǦaǳƺǙǍǙgʹ ۬܉كف܈ 
FǶǩǳƺeǩǒǙǩeۥ a ǬǳǶdʹ fǩǙǒ IǒǦeǍǍƽ͹͹eǩƽ eǳ aǍ۬ cǙǓΟǩǒed ǳƺƽǬ ΟǓdƽǓg۬ TƺƽǬ 
ǬǳǶdʹ aǓaǍʹ͹ed aǍǦƺa ǬʹǓǶcǍeƽǓ ǍeͭeǍǬ ƽǓ ǒaǍe ǒƽce bǩaƽǓǬ ؽـ daʹǬ afǳeǩ ǳƺe 
ǒƽce ͮeǩe eͳǦǙǬed ǳǙ ƽǓdǶced TBI۬ TƺǩǙǶgƺ dǙǦaǒƽǓe ǳǩaǓǬǦǙǩǳeǩ aǓd 
aǍǦƺaܝǬʹǓǶcǍeƽǓ ǬǳaƽǓƽǓgۥ ǬƽgǓƽΟcaǓǳ ƽǓcǩeaǬeǬ ƽǓ aǍǦƺaܝǬʹǓǶcǍeƽǓ eͳǦǩeǬǬƽǙǓ 
aǓd ǬƽgǓƽΟcaǓǳ decǩeaǬeǬ ƽǓ dǙǦaǒƽǓe ǳǩaǓǬǦǙǩǳeǩǬ ͮeǩe ǙbǬeǩͭed ƽǓ 
cǙǒǦaǩƽǬǙǓ ǳǙ cǙǓǳǩǙǍǬ۬ IǒǦeǍǍƽ͹͹eǩƽ eǳ aǍ۬ aǍǬǙ fǙǶǓd a ǩedǶcǳƽǙǓ ƽǓ 
ǓeǶǩǙǳǩǙǦƺƽc facǳǙǩǬ afǳeǩ ؽـ daʹǬۥ ͮƺƽcƺ aǩe bƽǙǒǙǍecǶǍeǬ ǳƺaǳ ǬǶǦǦǙǩǳ ǳƺe 
gǩǙͮǳƺ aǓd deͭeǍǙǦǒeǓǳ Ǚf ǓeǶǩǙǓǬ ۬܉مف܈ OͭeǩaǍǍۥ ΟǓdƽǓgǬ fǩǙǒ ǳƺeǬe ǳͮǙ 
ǬǳǶdƽeǬ ǬǶggeǬǳ ǳƺaǳ aǍǦƺaܝǬʹǓǶcǍeƽǓ ǒaʹ Ǭeǩͭe aǬ a ǓǙǳabǍe ǦaǳƺǙǍǙgƽcaǍ ǍƽǓǋ 
beǳͮeeǓܹTBIܹaǓdܹPaǩǋƽǓǬǙǓܬǬܹdƽǬeaǬe۬

Tʹrosine ܹHʹdroͳʹlase
IǓ addƽǳƽǙǓ ǳǙ aǍǦƺaܝǬʹǓǶcǍeƽǓۥ ǳʹǩǙǬƽǓe ƺʹdǩǙͳʹǍaǬeۥ aǓ eǓ͹ʹǒe ǳƺaǳ ǦǍaʹǬ a 
ǋeʹ ǩǙǍe ƽǓ ǳƺe ǬʹǓǳƺeǬƽǬ Ǚf dǙǦaǒƽǓeۥ ƺaǬ beeǓ ǩeǬeaǩcƺed aǬ aǓǙǳƺeǩ 
bƽǙǍǙgƽcaǍ ǒaǩǋeǩ ƽǓ TBI aǓd PD۬ SƺƽǓ eǳ aǍ۬ ƽǓͭeǬǳƽgaǳed ǳʹǩǙǬƽǓe 
ƺʹdǩǙͳʹǍaǬe ǍeͭeǍǬ ƽǓ ǩaǳ bǩaƽǓ ǳƽǬǬǶe ǳǙ deǳeǩǒƽǓe ǳƺƽǬ eǓ͹ʹǒeܬǬ eΜecǳ ǙǓ 
dǙǦaǒƽǓeǩgƽc acǳƽͭƽǳʹ۬  FǙǩ ǳƺƽǬ ǬǳǶdۥʹ  a Ǭeǳ Ǚf ǩaǳǬ ͮaǬ ΟǩǬǳ eͳǦǙǬed ǳǙ TBI 
ǶǬƽǓg a cǙǓǳǩǙǍǍed cǙǩǳƽcaǍ ƽǒǦacǳǙǩ۬ Tƺƽǩǳʹ daʹǬ afǳeǩ eͳǦǙǬǶǩe ǳǙ TBIۥ ǳƺe 
bǩaƽǓ ǳƽǬǬǶeǬ Ǚf ǳƺeǬe ǩaǳǬ ͮeǩe ƺaǩͭeǬǳed fǙǩ ǳeǬǳƽǓg۬ WeǬǳeǩǓ bǍǙǳǳƽǓg 
ǳecƺǓƽǨǶeǬ ͮeǩe ǶǳƽǍƽ͹ed ǳǙ deǳecǳ ǳƺe ǦƺǙǬǦƺǙǩʹǍaǳƽǙǓ Ǚf ǳʹǩǙǬƽǓe 
ƺʹdǩǙͳʹǍaǬe۬ BeǳͮeeǓ ǙǓe aǓd fǙǶǩ ͮeeǋǬ afǳeǩ eͳǦǙǬǶǩe ǳǙ TBIۥ ǳʹǩǙǬƽǓe 
ƺʹdǩǙͳʹǍaǬe ǍeͭeǍǬ decǩeaǬed ǬƽgǓƽΟcaǓǳǍʹ aǳ ǳƺe ǬeǩƽǓe ؽف ǬƽǳeǬ۬ IǓ addƽǳƽǙǓۥ 
aǓaǍʹǬƽǬ Ǚf ǳƺe ǬǳǩƽaǳaǍ ǳƽǬǬǶe ǩeͭeaǍed a decǩeaǬe ƽǓ ǦǙǳaǬǬƽǶǒܝeͭǙǋed 
dǙǦaǒƽǓe ǩeǍeaǬe۬ Iǳ ͮaǬ cǙǓcǍǶded ǳƺaǳ ǍǙͮeǩ ǳʹǩǙǬƽǓe ƺʹdǩǙͳʹǍaǬe ǍeͭeǍǬ 
afǳeǩ TBI ǓegaǳƽͭeǍʹ ƽǒǦacǳǬ dǙǦaǒƽǓe cǙǓceǓǳǩaǳƽǙǓ ƽǓ ǳƺe bǩaƽǓۥ 
ǬǶggeǬǳƽǓg a cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ TBI aǓd ǳƺe deͭeǍǙǦǒeǓǳ Ǚf PD 
ǦaǳƺǙǍǙgʹܹ۬܉نف܈
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Figure 3: Location of the Substantia Nigra--the site of the dopamine-producing neurons. A 
decrease in these neurons is implicated in the development of Parkinson's Disease.

Oͳidatiͭe ܹStress
Oͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǬ a ǦƺeǓǙǒeǓǙǓ ƽǓ ͮƺƽcƺ ǓeǶǩǙǓaǍ daǒage caǓ ǙccǶǩ dǶe 
ǳǙ ǳƺe ǙͭeǩǦǩǙdǶcǳƽǙǓ aǓd accǶǒǶǍaǳƽǙǓ Ǚf ǩeacǳƽͭe cƺeǒƽcaǍ ǬǦecƽeǬ ǳƺaǳ 
caǓǓǙǳ be ǩeadƽǍʹ deǳǙͳƽΟed ۬܉ؾق܈ ܉ؽق܈ TʹǦƽcaǍǍۥʹ  ǳƺeǬe cƺeǒƽcaǍǬ aǩe 
ǩeacǳƽͭe ǙͳʹgeǓ ǬǦecƽeǬ ܐROSܑ ǳƺaǳ ǳaǋe ǙǓ ǳƺe fǙǩǒ Ǚf ǙͳʹgeǓ cǙǓǳaƽǓƽǓg 
ǩadƽcaǍǬ ۬܉ؽق܈ TƺƽǬ ǒaʹ be becaǶǬe bǩaƽǓ ceǍǍǬ ǩeǨǶƽǩe aǓd ǩeceƽͭe Ǎaǩge 
aǒǙǶǓǳǬ Ǚf ǙͳʹgeǓ۬ CǶǩǩeǓǳ ǍƽǳeǩaǳǶǩe ƺaǬ dƽǬcǶǬǬed Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǓ 
ǳƺe cǙǓǳeͳǳ Ǚf TBI aǓd PD ƽǓdeǦeǓdeǓǳǍۥʹ  aǓd ǳƺe ǬƽǒƽǍaǩ ǦaǳƺǙǍǙgʹ Ǚf 
bǙǳƺ ǬǶggeǬǳǬ ǳƺaǳ ǳƺƽǬܹ ƽǬܹ ǙǓeܹ bƽǙǍǙgƽcaǍܹ aǬǦecǳܹ ǳƺaǳܹ ǒaʹܹ ǍƽǓǋܹ ǳƺeǬeܹ ǳͮǙܹ
aΞƽcǳƽǙǓǬ۬

SeͭeǩaǍ ǬǳǶdƽeǬ ƺaͭe ƽǒǦǍƽcaǳed Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǓ TBI ǦaǳƺǙǍǙgʹ ǳƺǩǙǶgƺ a 
ͭaǩƽeǳʹ Ǚf ǒecƺaǓƽǬǒǬ۬ HƽǍǍ eǳ aǍ۬ ǙbǬeǩͭedۥ ͮƽǳƺƽǓ ƺǙǶǩǬ Ǚf ƽǓǈǶǩۥʹ  aǓ 
ƽǓcǩeaǬe ƽǓ ROS ǦǩǙdǶcǳƽǙǓ aǓd ǳƺe accǶǒǶǍaǳƽǙǓ Ǚf ǩeacǳƽͭe aǍdeƺʹdeǬ 
acǩǙǍeƽǓ aǓd ܝفƺʹdǩǙͳʹǓǙǓeǓaǍۥ ͮƺƽcƺ aǩe ƽǓdƽcaǳƽͭe Ǚf Ǚͳƽdaǳƽͭe daǒage۬ 
IǓ addƽǳƽǙǓۥ HƽǍǍ eǳ aǍ۬ ǙbǬeǩͭed ƽǒǦaƽǩǒeǓǳ Ǚf CǙǒǦǍeͳ I aǓd II acǳƽͭƽǳʹ 
 TƺeǬe eΜecǳǬ ͮeǩe ǒǙǩe ǦǩǙǓǙǶǓced ƽǓ ǳƺe ǬʹǓaǦǳƽc ǒƽǳǙcƺǙǓdǩƽa ۬܉ؽق܈
cǙǒǦaǩedܹǳǙܹǳƺǙǬeܹǳƺaǳܹͮeǩeܹǓǙǓǬʹǓaǦǳƽc۬

AǓǙǳƺeǩ ǬǳǶdʹ fǙcǶǬed ǙǓ ǒǙǓƽǳǙǩƽǓg ǳƺe ǬʹǓeǩgƽǬǳƽc eΜecǳǬ Ǚf 
ǒecƺaǓƽcaǍ ǬǳǩaƽǓ ƽǓdǶcedܝTBI aǓd ǦaǩaǨǶaǳ ǦeǬǳƽcƽde eͳǦǙǬǶǩe۬ 
ReǬeaǩcƺ ƺaǬ beeǓ caǩǩƽed ǙǶǳ ǳƺǩǙǶgƺ aǓ ƽǓ ͭƽǳǩǙ ǒǙdeǍ Ǚf 
ǶǓdƽΜeǩeǓǳƽaǳed SHܝSYقY ceǍǍǬۥ ͮƺƽcƺ aǩe ǙfǳeǓ ǶǬed ǳǙ ǒǙdeǍ 
ǓeǶǩǙǓܝǍƽǋe acǳƽͭƽǳʹ ƽǓ eͳǦeǩƽǒeǓǳǬ۬ CeǍǍǬ ǳƺaǳ ǶǓdeǩͮeǓǳ a ǒǙdeǩaǳe 
degǩee Ǚf ǬǳǩaƽǓ eͳǦeǩƽeǓced gǩeaǳeǩ aǓd ǍǙǓgeǩܝǍaǬǳƽǓg ǒƽǳǙcƺǙǓdǩƽaǍ 
ǒeǒbǩaǓe deǦǙǍaǩƽ͹aǳƽǙǓ aǓd ƽǓcǩeaǬed ROS ǒƽǳǙcƺǙǓdǩƽaǍ
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ǦǩǙdǶcǳƽǙǓۥ ǶǍǳƽǒaǳeǍʹ ǩeǬǶǍǳƽǓg ƽǓ ǳƺe deaǳƺ Ǚf dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ۬ 
TƺeǬe eΜecǳǬ ͮeǩe aǒǦǍƽΟed ͮƺeǓ cǙǒbƽǓed ͮƽǳƺ eͳǦǙǬǶǩe ǳǙ ǦaǩaǨǶaǳ 
 ǳƺeǬe ǬǳǶdƽeǬ ǬǶggeǬǳ ǳƺaǳ Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ǦǍaʹǬ a ǶǓƽǨǶe ۥTǙgeǳƺeǩ ۬܉ؿق܈
ǩǙǍe ƽǓ fǶǩǳƺeǩ ǦǩǙǦagaǳƽǓg ǓeǶǩǙǓaǍ daǒage fǩǙǒ TBI aǳ ǳƺe ceǍǍǶǍaǩ 
ǍeͭeǍۥ ǍƽǋeǍʹ bʹ ƽǓǳeǩfeǩƽǓg ͮƽǳƺ ǳƺe ceǍǍǶǍaǩ ǩeǬǦƽǩaǳƽǙǓ ǦǩǙceǬǬeǬ ƽǓ ǳƺe 
ǒƽǳǙcƺǙǓdǩƽa۬

GeǓeܝǩegǶǍaǳed eͳǦǩeǬǬƽǙǓ ǒaʹ aǍǬǙ ǦǍaʹ a ǩǙǍe ƽǓ Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ۬ WaǓg eǳ 
aǍ۬ eͳaǒƽǓed ǳƺe ǩǙǍe Ǚf ǦǩǙǳeƽǓܝdƽǬǶǍΟde ƽǬǙǒeǩaǬeܝaǬǬǙcƽaǳed ܐ ـPDIAـ ܑ
ǩegǶǍaǳed Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǓ aǶgǒeǓǳƽǓg TBI daǒage ۬܉ـق܈ TƺǙǶgƺ ǳƺƽǬ 
ǬǳǶdʹ fǙcǶǬeǬ ǙǓ ǳƺe eͳǦǩeǬǬƽǙǓ Ǚf ROS aǓd aǓǳƽǙͳƽdaǓǳ eǓ͹ʹǒeǬ aǬ a 
ǒeǳǩƽc fǙǩ gaǶgƽǓg ǳƺe ǍeͭeǍ Ǚf Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ǩaǳƺeǩ ǳƺaǓ ǒƽǳǙcƺǙǓdǩƽaǍ 
acǳƽͭƽǳۥʹ  ƽǳ aǦǦeaǩǬ ǳǙ cǙǓΟǩǒ ǳƺe ΟǓdƽǓgǬ Ǚf HƽǍǍ eǳ aǍ۬ WƺƽǍe 
ǒƽǳǙcƺǙǓdǩƽaǍ dʹǬfǶǓcǳƽǙǓ aǓd ƽǓǳeǩfeǩeǓce ͮƽǳƺ ǓeǶǩǙǓaǍ fǶǓcǳƽǙǓ 
aǦǦeaǩ ǳǙ be ǶǓƽfʹƽǓg ǳƺeǒeǬ cǙǓǓecǳƽǓg TBI aǓd Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǓ ǳƺeǬe 
ǬǳǶdƽeǬ ۥ܉ـق܈ ܉ؿق܈ ܉ؽق܈ fǶǩǳƺeǩ ǩeǬeaǩcƺ ƽǬ ǩeǨǶƽǩed ǳǙ eǍǶcƽdaǳe ǳƺe eͳacǳ 
ǒecƺaǓƽǬǒ ǳǙ deǳeǩǒƽǓe a caǶǬaǍ ǩeǍaǳƽǙǓǬƺƽǦ۬ AddƽǳƽǙǓaǍ ǩeǬeaǩcƺ ƺaǬ 
ǬǙǶgƺǳ ǳǙ cƺaǩacǳeǩƽ͹e ǳƺe ǦǙǳeǓǳƽaǍ ǩǙǍe Ǚf Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǓ ǳƺe 
deͭeǍǙǦǒeǓǳ Ǚf PD ܚ ǒǙǩe ǬǦecƽΟcaǍǍۥʹ  ƽǳǬ ƽǒǦacǳ ǙǓ ǳƺe decǍƽǓe Ǚf 
dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ۬ PaǶǍ eǳ aǍ۬ aƽǒed ǳǙ eͭaǍǶaǳe ǳƺe eΝcacʹ Ǚf 
ǒeǍaǳǙǓƽǓ aǬ aǓ aǓǳƽǙͳƽdaǓǳ caǦabǍe Ǚf ǦǩǙͭƽdƽǓg ǓeǶǩǙǦǩǙǳecǳƽͭe beǓeΟǳǬ 
ǳǙ ǒƽǳƽgaǳe ǳƺe deͭeǍǙǦǒeǓǳ Ǚf PD۬ ReǬeaǩcƺeǩǬ ǬƺǙͮed ǳƺaǳ ǩaǳǬ 
eͳǦeǩƽeǓcƽǓg Ǚͳƽdaǳƽͭe ǬǳǩeǬǬۥ aǬ ǳƺe ǩeǬǶǍǳ Ǚf a ƺǙǒǙcʹǬǳeƽǓe ƽǓǈecǳƽǙǓ ƽǓ 
ǳƺe bǩaƽǓۥ eͳƺƽbƽǳed a decǩeaǬe ƽǓ ǳƺe ǓǶǒbeǩ Ǚf fǶǓcǳƽǙǓƽǓg 
dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa ǩegƽǙǓ ۬܉فق܈ Tƺe ǬǳǶdʹ 
cǙǓcǍǶded ǳƺaǳ ǒeǍaǳǙǓƽǓ ͮaǬ aǓ eΜecǳƽͭe aǓǳƽǙͳƽdaǓǳ aǓd cǙǶǍd ǦǩǙͭe 
ǦǩǙǒƽǬƽǓg aǬ a ǳǩeaǳǒeǓǳ۬ Oͳƽdaǳƽͭe ǬǳǩeǬǬ aǓd ǳƺe ǙͭeǩeͳǦǩeǬǬƽǙǓ Ǚf aǍǦƺa 
ǬʹǓǶcǍeƽǓ ǳǙgeǳƺeǩ ƺaͭe beeǓ fǙǶǓd ǳǙ ǦǙǬǬƽbǍʹ caǶǬe a ǬʹǓeǩgƽǬǳƽc eΜecǳ ƽǓ 
ƽǓƺƽbƽǳƽǓg ǳƺe fǶǓcǳƽǙǓ Ǚf cƺǙǍƽǓeǩgƽc ǓeǶǩǙǓǬ ƽǓ ǳƺe ͭagǶǬ Ǔeǩͭe ۬܉ؾق܈ 
TƺƽǬ ǬǳǶdۥʹ  ƺǙͮeͭeǩۥ ǓǙǳed ǳƺaǳ ǓǙǳ aǍǍ cƺǙǍƽǓeǩgƽc ǓeǶǩǙǓǬ ͮƽǳƺƽǓ ǳƺe 
bǩaƽǓ ͮeǩe aΜecǳed bʹ Ǚͳƽdaǳƽͭe ǬǳǩeǬǬۥ ǬǶggeǬǳƽǓg ǳƺaǳ ǬǦecƽΟc ǩegƽǙǓǬ Ǚf 
ǳƺe bǩaƽǓ aǓd ǓeǩͭǙǶǬ ǬʹǬǳeǒ ǒaʹ be aΜecǳed dƽΜeǩeǓǳǍʹ۬  A ǬƽǒƽǍaǩ ǦaǳǳeǩǓ 
ƺaǬ beeǓ ǙbǬeǩͭed fǙǩ dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬۥ ͮƽǳƺ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa 
aǓd ǬǳǩƽaǳǶǒ beƽǓg ǳƺe ǒaƽǓ ǩegƽǙǓǬ Ǚf fǙcǶǬ ۬܉كق܈ ܉قق܈ ܉فق܈ A caǶǬaǳƽͭe 
ǩeǍaǳƽǙǓǬƺƽǦ ƺaǬ ǳǙ be ǒade caǶǳƽǙǶǬǍʹ beǳͮeeǓ Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ aǓd PD 
dǶeܹǳǙܹǍƽǒƽǳedܹƽǓfǙǩǒaǳƽǙǓ۬

If ǳƺe afǙǩeǒeǓǳƽǙǓed ǙbǬeǩͭaǳƽǙǓǬ ƽǓͭǙǍͭƽǓg Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƺaͭe aǓʹ 
ǬƽgǓƽΟcaǓǳ ǙͭeǩaǍǍ ƽǒǦacǳ ǙǓ dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬۥ ǳƺeǓ ǳƺeǩe ǒaʹ be a 
caǶǬaǍ ǩeǍaǳƽǙǓǬƺƽǦ beǳͮeeǓ TBI aǓd PD۬ ReǬeaǩcƺeǩǬ fǩǙǒ PǶǩdǶe
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UǓƽͭeǩǬƽǳʹ ǶǬed a ǒƽǍdܝTBI ǩaǳ ǒǙdeǍۥ ƽǒǒǶǓǙΠǶǙǩeǬceǓce ǬǳaƽǓƽǓgۥ aǓd 
WeǬǳeǩǓ BǍǙǳ aǓaǍʹǬƽǬ ǳǙ deǒǙǓǬǳǩaǳe acǩǙǍeƽǓܬǬ ǩǙǍe ƽǓ ƽǓdǶcƽǓg 
aggǩegaǳƽǙǓ aǓd ǒǙdƽΟcaǳƽǙǓ Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓۥ fǶǩǳƺeǩ cǙǩǩǙbǙǩaǳƽǓg 
ǳƺe ΟǓdƽǓgǬ fǩǙǒ HƽǍǍ eǳ aǍ۬ ۬܉قق܈ TƺƽǬ ǬǳǶdʹ ƽǬ ǙǓe Ǚf ǳƺe feͮ ǳƺaǳ 
dƽǬcǶǬǬeǬ ǳƺe ǩǙǍe Ǚf Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ ƽǓ ǳƺe ǦǙǳeǓǳƽaǍ ǦaǳƺǙǍǙgƽcaǍ ǍƽǓǋ 
beǳͮeeǓ TBI aǓd PD۬ HǙͮeͭeǩۥ addƽǳƽǙǓaǍ ǩeǬeaǩcƺ ƽǬ Ǔeeded ǙǓ ǳƺe 
eΜecǳǬ Ǚf Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ aǓd ƺǙͮ ƽǳǬ aǬǬǙcƽaǳƽǙǓ ͮƽǳƺ TBI caǓ ƽǓΠǶeǓce 
ǳƺe deͭeǍǙǦǒeǓǳ Ǚf PD۬ SǦecƽΟcaǍǍۥʹ  ǳƺe ǒecƺaǓƽǬǒ Ǚf ǒƽǳǙcƺǙǓdǩƽaǍ 
dʹǬfǶǓcǳƽǙǓ aǓd ǳƺe accǶǒǶǍaǳƽǙǓ Ǚf aǍdeƺʹde bʹǦǩǙdǶcǳǬ ƽǓ ǩeǍaǳƽǙǓ ǳǙ 
ƽǳǬ ƽǓǳeǩacǳƽǙǓ ͮƽǳƺ aǍǦƺaܝǬʹǓǶcǍeƽǓ ǩeǨǶƽǩeǬ fǶǩǳƺeǩ ǩeǬeaǩcƺ ǳǙ deǳeǩǒƽǓe 
ƽǳǬܹǩeǍaǳƽǙǓܹǳǙܹǳƺeܹdeͭeǍǙǦǒeǓǳܹǙfܹPDܝǩeǍaǳedܹǬʹǒǦǳǙǒǬ۬

)LJXUH 4: General Trends Associated with Oxidative Stress and its Potential Role in PD

NeǶroinΠammation
NeǶǩǙƽǓΠaǒǒaǳƽǙǓ ƺaǬ beeǓ ǩeǬeaǩcƺed aǬ aǓǙǳƺeǩ bƽǙǍǙgƽcaǍ ǍƽǓǋ 
beǳͮeeǓ PD aǓd TBI۬ AǬ dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ aǩe eaǬƽǍʹ ǬǶǬceǦǳƽbǍe ǳǙ 
ƽǓΠaǒǒaǳƽǙǓۥ ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓ ƺaǬ beeǓ fǙǶǓd ǳǙ be aǓ ƽǒǦǙǩǳaǓǳ 
cƺaǩacǳeǩƽǬǳƽc Ǚf PD۬ IǒǦeǍǍƽ͹͹eǩƽ eǳ aǍ۬ cǙǓdǶcǳed a ǬǳǶdʹ ƽǓ كؾؽؿ 
aǓaǍʹ͹ƽǓg ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓ ǦǩǙceǬǬeǬ ƽǓ ǳƺe bǩaƽǓǬ Ǚf ǒaǍe ǒƽce ͮƽǳƺ
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ƽǓdǶced TBI۬ WeǬǳeǩǓ bǍǙǳ aǓaǍʹǬƽǬ ͮaǬ ǶǳƽǍƽ͹ed ǳǙ aǓaǍʹ͹e ǒƽdbǩaƽǓ ǳƽǬǬǶe 
Ǚf ǒƽce ؽـ daʹǬ afǳeǩ eͳǦǙǬǶǩe ǳǙ TBI ǶǬƽǓg IբBܝՙ aǓd NFܝբB ǬǦecƽΟc 
aǓǳƽbǙdƽeǬ۬ PeǩfǙǩǒƽǓg ǳƺƽǬ aǓaǍʹǬƽǬ ǬƺǙͮed a ǬƽgǓƽΟcaǓǳ ǩedǶcǳƽǙǓ ƽǓ IբBܝՙ 
eͳǦǩeǬǬƽǙǓ aǓd aǓ ƽǓcǩeaǬe ƽǓ NFܝբB ǳǩaǓǬǍǙcaǳƽǙǓ ƽǓ ǒƽce eͳǦǙǬed ǳǙ TBI۬ 
NǶcǍeaǩ բB ǳǩaǓǬǍǙcaǳƽǙǓ ǦǍaʹǬ a cǩƽǳƽcaǍ ǩǙǍe ƽǓ ǳƺe ǳǩaǓǬcǩƽǦǳƽǙǓaǍ 
ǬǳƽǒǶǍaǳƽǙǓ Ǚf ǦǩǙܝƽǓΠaǒǒaǳǙǩʹ ǳaǩgeǳ geǓeǬ ǬǶcƺ aǬ ƽǓdǶcƽbǍe Ǔƽǳǩƽc Ǚͳƽde 
ǬʹǓǳƺaǬe ܐƽNOS ܑ aǓd cʹcǍǙǙͳʹgeǓaǬeܐ ؿܝCOXܑؿܝ ۬ ƽNOS aǓd COXؿܝ aǩe 
bǙǳƺ ǓeǶǩǙǳǙͳƽc ǒaǩǋeǩǬ ǳƺaǳ caǓ daǒage dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ۬ 
EͭaǍǶaǳƽǓg ƽNOS eͳǦǩeǬǬƽǙǓ ǩeͭeaǍed ǳƺaǳ ǳƺeǩe ͮaǬ a ǦǩǙǒƽǓeǓǳ ƽǓcǩeaǬe ƽǓ 
ƽNOS ƽǓ ǳƺe TBIܝƽǓdǶced bǩaƽǓǬ ƽǓ cǙǒǦaǩƽǬǙǓ ǳǙ ǳƺe cǙǓǳǩǙǍ bǩaƽǓǬ۬ IǓ 
addƽǳƽǙǓۥ COXؿܝ eͳǦǩeǬǬƽǙǓ ƽǓcǩeaǬed ƽǓ ǳƺe ǒƽdbǩaƽǓ Ǚf ǒƽce ǳƺaǳ 
ǬǶΜeǩed TBI ۬܉مف܈ IǓǳeǩeǬǳƽǓgǍۥʹ  ƽǓcǩeaǬed COXؿܝ eͳǦǩeǬǬƽǙǓ ͮaǬ aǍǬǙ 
deǳecǳed ǦǙǬǳܝǒǙǩǳeǒ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa Ǚf PaǩǋƽǓǬǙǓ۱Ǭ ǦaǳƽeǓǳǬ ۬܉لق܈ 
BaǬed ǙǓ ǳƺeǬe ΟǓdƽǓgǬۥ ǩeǬeaǩcƺeǩǬ cǙǓcǍǶded ǳƺaǳ ǓeǶǩǙƽǓΠaǒǒaǳǙǩʹ 
ǦǩǙceǬǬeǬ ǩeǬǶǍǳƽǓg fǩǙǒ TBIܹcaǓܹǍeadܹǳǙܹǳƺeܹdeͭeǍǙǦǒeǓǳܹǙfܹPDܹǦaǳƺǙǍǙgʹܹ
ƽǓܹǳƺeܹǒƽdbǩaƽǓ۬

IǓ a مؾؽؿ ǬǳǶdۥʹ  YǶ eǳ aǍ۬ eͳaǒƽǓed ǳƺe ǩǙǍe ǳƺaǳ ǳƺe eͳǦǩeǬǬƽǙǓ Ǚf ǳƺe 
ǳǩaǓǬcǩƽǦǳƽǙǓaǍ facǳǙǩ eaǩǍʹ gǩǙͮǳƺ ǩeǬǦǙǓǬeܐ ؾܝEgǩؾܝ ܑǦǍaʹed ƽǓ ƽǓdǶcƽǓg 
ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓ aǓd ǓeǶǩǙdegeǓeǩaǳƽǙǓ ƽǓ ǒǙǶǬe ǒǙdeǍǬ Ǚf PD ۬܉مق܈ 
Mƽce ͮeǩe ƽǓǈecǳed ͮƽǳƺ ܝؾǒeǳƺʹǍفܝ ǦƺeǓʹǍܝكۥـۥؿۥؾܝǳeǳǩaƺʹdǩǙǦʹǩƽdƽǓe 
 ۥMPTPܑܐ ƽǓdǶced eͳǦǩeǬǬƽǙǓ aǓd ǶǦǩegǶǍaǳƽǙǓ Ǚf Egǩؾܝ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa 
Ǔƽgǩa ǦaǩǬ cǙǒǦacǳa۬ UǦǙǓ Egǩؾܝ acǳƽͭaǳƽǙǓۥ ǩeǬeaǩcƺeǩǬ aǍǬǙ ǓǙǳed aǓ 
ƽǓcǩeaǬe ƽǓ ƽǓǳeǩǍeǶǋƽǓ ܝؾbeǳa ܐILؾܝb ܑ aǓd ǳǶǒǙǩ ǓecǩǙǬƽǬ facǳǙǩܝaǍǦƺa 
 ۥaܑܝTNFܐ ͮƺƽcƺ aǩe cʹǳǙǋƽǓeǬ ƽǓͭǙǍͭed ƽǓ ƽǓΠaǒǒaǳǙǩʹ ǩeǬǦǙǓǬeǬ۬ 
CǙǓͭeǩǬeǍۥʹ  ǶǬƽǓg Egǩؾܝ ǋǓǙcǋǙǶǳ ǒƽce ǒǙdeǍǬۥ ǩeǬeaǩcƺeǩǬ ǓǙǳed ǳƺaǳ ǳƺe 
eͳǳeǓǳ Ǚf ǳƺe ƽǓΠaǒǒaǳǙǩʹ ǩeǬǦǙǓǬe aǓd dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓaǍ deaǳƺ ͮaǬ 
ǍeǬǬ ǳƺaǓ ƽǓ ǓǙǓܝǋǓǙcǋǙǶǳ ǒǙdeǍǬۥ ǬǶggeǬǳƽǓg ǳƺaǳ Egǩؾܝ cǙǶǍd ǦǍaʹ a ǩǙǍe ƽǓ 
ǍƽǓǋƽǓg ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓ ǳǙ PD ǦaǳƺǙǍǙgʹ۬  Tƺe ǩeǬeaǩcƺeǩǬ cǙǓΟǩǒed 
ǳƺeǬe ΟǓdƽǓgǬ bʹ adǒƽǓƽǬǳeǩƽǓg ǒƽǳƺǩaǒʹcƽǓ Aۥ aǓ aǓǳƽbƽǙǳƽc ǋǓǙͮǓ ǳǙ 
dƽǬǦǍace ǳǩaǓǬcǩƽǦǳƽǙǓ facǳǙǩǬ ǬǶcƺ aǬ Egǩؾܝ fǩǙǒ ǳƺeƽǩ bƽǓdƽǓg ǬƽǳeǬ۬ YǶ eǳ aǍ۬ 
aǍǬǙ ǓǙǳed ǳƺaǳ ǳƺe ǦǩǙǳecǳƽͭe eΜecǳǬ Ǚf Egǩؾܝ ǋǓǙcǋǙǶǳ ͮaǬ ǍaǩgeǍʹ Ǎƽǒƽǳed 
ǳǙ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩaۥ aǓd ǳƺaǳ ǳƺƽǬ ǦǩǙǳecǳƽͭe eΜecǳ ͮaǬ ǓǙǳ ǙbǬeǩͭed ƽǓ 
ǳƺe ǬǳǩƽaǳǶǒ۬ TƺǶǬۥ fǶǩǳƺeǩ ƽǓͭeǬǳƽgaǳƽǙǓ Ǔeeded ǙǓ ǳƺe ǬǦecƽΟc ǒǙǍecǶǍaǩ 
ǦaǳƺͮaʹǬܹƽǓܹǳƺeܹǬǶbǬǳaǓǳƽaܹǓƽgǩaܹaǓdܹǳƺeܹǬǳǩƽaǳǶǒ۬

Oǳƺeǩ ǬǳǶdƽeǬ ƺaͭe fǙcǶǬed ǙǓ ƺǙͮ ǳƺe ǦǩeǬeǓce Ǚf ǦǩǙܝƽǓΠaǒǒaǳǙǩʹ 
cʹǳǙǋƽǓeǬ aΜecǳǬ PD ǦaǳƽeǓǳǬ۬ KaǩǦeǓǋǙ eǳ aǍ۬ ǨǶaǓǳƽΟed ǳƺe ǦǩeͭaǍeǓce Ǚf 
dƽΜeǩeǓǳ cʹǳǙǋƽǓeǬ ǦǩeǬeǓǳ ƽǓ bǍǙǙd ǬaǒǦǍeǬ fǩǙǒ PD ǦaǳƽeǓǳ gǩǙǶǦǬ aǳ 
ͭaǩƽǙǶǬ dƽǬeaǬe ǬǳageǬ ǶǬƽǓg ƽǒǒǶǓǙǬǙǩbeǓǳ aǬǬaʹǬ۬ IǓ ǦaǩǳƽcǶǍaǩۥ ǳƺe
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ǩeǬeaǩcƺeǩǬ eͳaǒƽǓed ǬaǒǦǍeǬ fǩǙǒ ǳƺe bǍǙǙd ǬeǩǶǒ aǓd ceǩebǩǙǬǦƽǓaǍ ΠǶƽd 
ǳǙ deǳeǩǒƽǓe ƽf ǳƺe ǦǩeǬeǓce Ǚf TNFܝa aǓd ƽǓǳeǩǍeǶǋƽǓ ܐILܑܝǳʹǦe cʹǳǙǋƽǓeǬ 
cǙǩǩeǍaǳed ͮƽǳƺ ǳƺe Ǭeͭeǩƽǳʹ aǓd ǦǩǙgǩeǬǬƽǙǓ Ǚf PD ۬܉نق܈ ReǬeaǩcƺeǩǬ fǙǶǓd 
ǳƺaǳ ƺƽgƺeǩ ǍeͭeǍǬ Ǚf ILؾܝb ƽǓ ǳƺe ǬeǩǶǒ aǓd TNFܝa ƽǓ ǳƺe ceǩebǩǙǬǦƽǓaǍ 
ΠǶƽd ͮeǩe cǙǩǩeǍaǳed ͮƽǳƺ ƽǓcǩeaǬed Ǭeͭeǩƽǳʹ aǓd ǩaǦƽd dƽǬeaǬe ǦǩǙgǩeǬǬƽǙǓۥ 
bǶǳ ǳƺe cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ Ǚǳƺeǩ cʹǳǙǋƽǓeǬ ǬǶcƺ aǬ ILكܝ aǓd PD ͮaǬ ǬǳƽǍǍ 
ǶǓcǍeaǩ ۬܉نق܈ AǓǙǳƺeǩ ǬǳǶdʹ ƽǓ مؾؽؿ cǙǓdǶcǳed bʹ Lƽ eǳ aǍ۬ eǒǦǍǙʹed 
ǬƽǒƽǍaǩ ǒeǳƺǙdǬ ǳǙ eͭaǍǶaǳe ǳƺe cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ cʹǳǙǋƽǓeǬ ƽǓ ǳƺe bǍǙǙd 
ǦǍaǬǒa aǓd PDܝǩeǍaǳed ǦaƽǓ fǙǶǓd ƽǓcǩeaǬed ǍeͭeǍǬ Ǚf ILؾܝ ƽǓ ǳƺe bǍǙǙd 
ǬeǩǶǒ Ǚf PD ǦaǳƽeǓǳǬ ۬܉ؽك܈ BecaǶǬe ILؾܝb ƽǬ cǙǓǳaƽǓed ͮƽǳƺƽǓ ǳƺe ILؾܝ 
faǒƽǍۥʹ  ǳƺeǬe ΟǓdƽǓgǬ aǦǦeaǩ ǳǙ cǙǩǩǙbǙǩaǳe ǳƺe ΟǓdƽǓgǬ Ǚf KaǩǦeǓǋǙ eǳ aǍ۬ۥ 
fǶǩǳƺeǩ ǬǶggeǬǳƽǓg ǳƺaǳ ǦǩǙƽǓΠaǒǒaǳǙǩʹ facǳǙǩǬ ǒaʹ ǦǍaʹ a ǩǙǍe ƽǓ PD 
ǦǩǙgǩeǬǬƽǙǓܹۥǳƺǙǶgƺܹǳƺeܹeͳacǳܹǩǙǍeܹǩeǒaƽǓǬܹǶǓcǍeaǩ۬

WƺƽǍe ǳƺeǩe ƽǬ eͭƽdeǓce ǳƺaǳ ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓۥ Ǚͳƽdaǳƽͭe ǬǳǩeǬǬۥ 
aǍǦƺaܝǬʹǓǶcǍeƽǓۥ aǓd ǳʹǩǙǬƽǓe ƺʹdǩǙͳʹǍaǬe ǒaʹ ǦǩǙͭƽde a ǍƽǓǋ beǳͮeeǓ TBI 
aǓd PDۥ ǳƺeǬe ΟǓdƽǓgǬ aǩe ǬǦecǶǍaǳƽͭe aǓd ǩeǨǶƽǩe fǶǩǳƺeǩ ǩeǬeaǩcƺ ǳǙ ǦǩǙͭe 
a caǶǬaǍ ǩeǍaǳƽǙǓǬƺƽǦ۬ SǶcƺ ǩeǬeaǩcƺ cǙǶǍd ǦǩǙͭe ǶǬefǶǍ ƽǓ ǳƺe deͭeǍǙǦǒeǓǳ 
ǙfܹǓeܹͮǦƺaǩǒaceǶǳƽcaǍܹǳǩeaǳǒeǓǳǬ۬

Treatmentܹand ܹTherapeǶtic ܹTargets
MedƽcaǍ ǳǩeaǳǒeǓǳ Ǚf cƺǩǙǓƽc dƽǬeaǬe ƽǬ cǩǶcƽaǍ ƽǓ aǒeǍƽǙǩaǳƽǓg ǬʹǒǦǳǙǒǬۥ 
ƽǒǦǩǙͭƽǓg dƽǬeaǬe ǒaǓageǒeǓǳۥ aǓd ǦǩǙǍǙǓgƽǓg Ǎƽfe۬ CǶǩǩeǓǳ ǩeǬeaǩcƺ 
fǙcǶǬeǬ ǙǓ ǦǩeǬcǩƽǦǳƽǙǓ dǩǶgǬ aǓd ǓǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ fǙǩ ǳƺe 
ǒaǓageǒeǓǳ Ǚf PDۥ ͮƽǳƺ a ǦaǩǳƽcǶǍaǩ cǙǓceǓǳǩaǳƽǙǓ ǙǓ ǩeǍƽeͭƽǓg ǒǙǳǙǩ 
ǬʹǒǦǳǙǒǬ ǬǶcƺ aǬ Ǎacǋ Ǚf baǍaǓceۥ ǬǍǙͮǓeǬǬۥ Ǚǩ PaǩǋƽǓǬǙǓƽaǓ gaƽǳۥ ͮƺƽcƺ ƽǬ a 
dƽǬǳƽǓcǳƽͭe cƺaǓge ƽǓ ǳƺe ͮaǍǋ Ǚf a ǦaǳƽeǓǳ ͮƽǳƺ PD ۬܉ؾك܈ MedƽcaǳƽǙǓǬ ǶǬed 
ǳǙ ǳǩeaǳ TBIۥ ǩegaǩdǍeǬǬ Ǚf ǳƺeƽǩ eͳǳǩeǒƽǳۥʹ  ƺaͭe ǳƺe gǙaǍ Ǚf ǬǳabƽǍƽ͹ƽǓg 
cǙǒǦǍƽcaǳƽǙǓǬ ǳƺaǳ aǩǙǬe fǩǙǒ ǳƺe ƽǓǈǶǩۥʹ  ǦǩeͭeǓǳƽǓg fǶǩǳƺeǩ ǬʹǒǦǳǙǒǬۥ aǓd 
ǒƽǓƽǒƽ͹ƽǓgܹǦaƽǓܹǳǙܹǒaͳƽǒƽ͹eܹǳƺeܹǦaǳƽeǓǳܬǬܹͮeǍǍܝbeƽǓg۬

Medication
PƺaǩǒaceǶǳƽcaǍ dǩǶgǬ Ǭeǩͭe aǬ a ǦǙͮeǩfǶǍۥ ǬǶcceǬǬfǶǍ ǳǩeaǳǒeǓǳ Ǭǳǩaǳegʹ ƽǓ 
cǙǒbaǳƽǓg ǳƺe deǳǩƽǒeǓǳaǍ eΜecǳǬ Ǚf TBI aǓd PDۥ deǬǦƽǳe ǳƺe ƺƽgƺ 
ǦǩeͭaǍeǓce Ǚf Ǭƽde eΜecǳǬ۬ UǓǍƽǋe ǓǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ ǬǶcƺ aǬ eͳeǩcƽǬe 
aǓd beƺaͭƽǙǩaǍ ǳƺeǩaǦۥʹ  ǦǩeǬcǩƽǦǳƽǙǓ dǩǶgǬ ͮǙǩǋ bƽǙǍǙgƽcaǍǍʹ ǳǙ ǳǩƽggeǩ bǙdʹ 
ǩeǬǦǙǓǬeǬܹǳƺaǳܹǒƽǳƽgaǳeܹaǓdܹǦǩeͭeǓǳܹǳƺeܹǦǩǙgǩeǬǬƽǙǓܹǙfܹǬʹǒǦǳǙǒǬ۬
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RaǬcǙǍ eǳ aǍ۬ dƽǬcǶǬǬ ǒedƽcaǳƽǙǓǬ ǳƺaǳ ƺaͭe beeǓ ǦǩǙͭeǓ ǳǙ eΜecǳƽͭeǍʹ 
ǦǩeͭeǓǳ ǳƺe ͮǙǩǬeǓƽǓg Ǚf PD ǬʹǒǦǳǙǒǬ۬ SǙǒe ǳǩeaǳǒeǓǳǬ ƽǓcǍǶde 
LeͭǙdǙǦa ܐƽǓ cǙǒbƽǓaǳƽǙǓ ͮƽǳƺ CaǩbƽdǙǦaܑۥ  PeǩgǙǍƽdeۥ PǩaǒƽǦeͳǙǍeۥ 
RǙǦƽǓƽǩǙǍeۥ aǓd SeǍegƽǍƽǓe ۬܉ؿك܈ LeͭǙdǙǦa ƽǬ ǳƺe ǬǳǩǙǓgeǬǳ aǓd ǒǙǬǳ eΜecǳƽͭe 
ǳǩeaǳǒeǓǳ ǶǬed ƽǓ ǦaǳƽeǓǳǬ ǳǙ deǍaʹ dƽǬeaǬe ǦǩǙgǩeǬǬƽǙǓۥ ǍeǬǬeǓ ǦeǩǬƽǬǳeǓǳ aǓd 
ǍǙǓgܝǳeǩǒ Ǭƽde eΜecǳǬۥ aǓd ƽǒǦǩǙͭe ͮeǍǍܝbeƽǓg۬ LeͭǙdǙǦa ƽǬ aǍǬǙ ͭƽǳaǍ ƽǓ 
ǒaǓagƽǓg acǶǳe ǬʹǒǦǳǙǒǬ Ǚf PD ǩeǍaǳƽǓg ǳǙ bǙdʹ ǒǙͭeǒeǓǳǬ ǬǶcƺ aǬ 
ǬǳƽΜǓeǬǬۥ ǳǩeǒǙǩǬۥ aǓd ǬǍǙͮǓeǬǬ Ǚf ǒǙǳƽǙǓ۬ Tƺe deͭeǍǙǦǒeǓǳ Ǚf ǳƺeǬe 
ǒǙǳǙǩ ǬʹǒǦǳǙǒǬ ǬǳeǒǬ fǩǙǒ ǳƺe Ǎacǋ Ǚf dǙǦaǒƽǓe ƽǓ ceǩǳaƽǓ bǩaƽǓ aǩeaǬ Ǚf 
ǦaǳƽeǓǳǬ ͮƽǳƺ PD۬ LeͭǙdǙǦa acǳǬ aǬ a dǙǦaǒƽǓe ǩeǦǍaceǒeǓǳ ageǓǳ ǳǙ 
ǒaǓage ǒǙǳǙǩ ƽǬǬǶeǬ ƽǓ ǦaǳƽeǓǳǬ ۬܉ـك܈ CǙǓͭeǩǬeǍۥʹ  ǒaǓʹ ƺaͭe ǬǦecǶǍaǳed 
ǳƺaǳ LeͭǙdǙǦa caǓ ǦǙǳeǓǳƽaǍǍʹ be ƺaǩǒfǶǍ aǓd dƽǩecǳǍʹ ǦǩǙͭǙǋe ǒǙǳǙǩ 
cǙǒǦǍƽcaǳƽǙǓǬ۬ SǳǶdƽeǬ ƺaͭe ǬƺǙͮǓ ǳƺaǳ LeͭǙdǙǦa caǓ be ǓǙͳƽǙǶǬ ǳǙ 
dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬۥ ǳǩƽggeǩƽǓg ǳƺe adͭaǓceǒeǓǳ Ǚf ǓeǶǩǙǓ degǩadaǳƽǙǓ 
ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa ۬܉ـك܈ HǙͮeͭeǩۥ ǳƺeǩe ƺaͭe beeǓ feͮ ƽǓ ͭƽͭǙ ǬǳǶdƽeǬ 
ǳƺaǳ ǬǶǦǦǙǩǳ ǳƺeǬe ΟǓdƽǓgǬ ƽǓ PD ǦaǳƽeǓǳǬ۬ NǙǓeǳƺeǍeǬǬۥ ǳƺe beǓeΟǳǬ Ǚf 
LeͭǙdǙǦa ƽǓ ǒƽǳƽgaǳƽǓg PD ǬʹǒǦǳǙǒǬ ǒaʹ ǙǶǳͮeƽgƺ ǳƺe Ǔegaǳƽͭe 
cǙǓǳǩǙͭeǩǬƽeǬ ǳƺaǳ ƺaͭe aǩƽǬeǓ ǩegaǩdƽǓg ƽǳǬ eΝcacʹ۬  MǶcƺ Ǎƽǋe ǒǙǬǳ eͳƽǬǳƽǓg 
ǦƺaǩǒaceǶǳƽcaǍ dǩǶgǬ ǙǓ ǳƺe ǒaǩǋeǳۥ ǳƺeǩe aǩe ǓǶǒeǩǙǶǬ Ǭƽde eΜecǳǬ Ǚf 
LeͭǙdǙǦaۥ ƽǓcǍǶdƽǓg dǩǙͮǬƽǓeǬǬۥ ǓaǶǬeaۥ aǓd ƺaǍǍǶcƽǓaǳƽǙǓǬ۬ HǙͮeͭeǩۥ 
GaǓdƺƽ aǓd Saadabadƽ dƽǬcǶǬǬ ǳƺaǳ ǳƺe ǋeʹ ƽǓ adǒƽǓƽǬǳeǩƽǓg LeͭǙdǙǦa ǳǙ 
PaǩǋƽǓǬǙǓ۱Ǭ ǦaǳƽeǓǳǬ ƽǬ ǳǙ ƽǓǳegǩaǳe ƽǳ ͮƽǳƺ a decaǩbǙͳʹǍaǬe ƽǓƺƽbƽǳǙǩ Ǎƽǋe 
CaǩbƽdǙǦa ۬܉فك܈ CaǩbƽdǙǦa ƽǬ cǙǒǒǙǓǍʹ ǦǩeǬcǩƽbed ͮƽǳƺ LeͭǙdǙǦaۥ aǬ ƽǳ 
ǒƽǓƽǒƽ͹eǬ ǓaǶǬea aǓd bǍǙcǋǬ LeͭǙdǙǦa fǩǙǒ beƽǓg ǳǩaǓǬfǙǩǒed ǳǙ 
dǙǦaǒƽǓe ǦǩƽǙǩ ǳǙ ǒǙͭƽǓg ƽǓǳǙ ǳƺe bǩaƽǓۥ ǦǩeͭeǓǳƽǓg Ǭƽde eΜecǳǬ ǬǶcƺ aǬ 
ͭǙǒƽǳƽǓg۬

FǶǩǳƺeǩǒǙǩeۥ PeǩgǙǍƽdeۥ PǩaǒƽǦeͳǙǍeۥ RǙǦƽǓƽǩǙǍeۥ aǓd SeǍegƽǍƽǓe aǩe 
dǙǦaǒƽǓe agǙǓƽǬǳǬ ǳƺaǳ fǶǓcǳƽǙǓ bʹ eǒǶǍaǳƽǓg ǳƺe acǳƽǙǓǬ Ǚf dǙǦaǒƽǓe۬ 
SǳǶdƽeǬ ƺaͭe ǬƺǙͮǓ ǳƺaǳ dǙǦaǒƽǓe agǙǓƽǬǳǬ aǩe eΝcacƽǙǶǬ aǬ bǙǳƺ 
ǒǙǓǙǳƺeǩaǦƽeǬ aǓd adǈǶǓcǳ ǳƺeǩaǦƽeǬ ƽǓ ǳǩeaǳƽǓg ǒǙǳǙǩ abǓǙǩǒaǍƽǳƽeǬ 
aǓd dʹǬǋƽǓeǬƽaۥ ǋǓǙͮǓ aǬ ƽǓͭǙǍǶǓǳaǩʹ ǒǶǬcǍe dƽǬǙǩdeǩ ۬܉ؿك܈ HǙͮeͭeǩۥ 
ǳƺeǩe ƽǬ ǬǳƽǍǍ ƽǓǬǶΝcƽeǓǳ ǩeǬeaǩcƺ ǙǓ ǳƺe ǦeǩfǙǩǒaǓce Ǚf ǳƺeǬe dǙǦaǒƽǓe 
agǙǓƽǬǳǬ ƽǓ LeͭǙdǙǦaܝǓaƽͭe ǦaǳƽeǓǳǬ aǓd a Ǎacǋ Ǚf ͭeǩƽΟcaǳƽǙǓ ǳƺaǳ ǳƺeǬe 
ǦǩǙǒǙǳe ǓeǶǩǙǦǩǙǳecǳƽͭe ǒecƺaǓƽǬǒǬ۬ RaǬcǙǍ eǳ aǍ۬ dƽǬcǶǬǬ ǳƺaǳ fǙǩ ǒaǓʹ 
ǦaǳƽeǓǳǬۥ dǙǦaǒƽǓe agǙǓƽǬǳǬ Ǚǳƺeǩ ǳƺaǓ LeͭǙdǙǦa ƺaͭe ǦǩǙͭeǓ ǳǙ be ǒǙǩe 
eΜecǳƽͭe۬ HǙͮeͭeǩۥ aǬ ͮƽǳƺ CaǩbƽdǙǦaۥ cǙܝǦǩeǬcǩƽbƽǓg dǙǦaǒƽǓe agǙǓƽǬǳǬ 
ƺaǬ ǦǩǙͭed ǳǙ ǬƽgǓƽΟcaǓǳǍʹ ǒƽǳƽgaǳe ǬʹǒǦǳǙǒǬ cǙǒǦaǩed ǳǙ 
ǒǙǓǙǳƺeǩaǦƽeǬ Ǎƽǋe LeͭǙdǙǦa aǍǙǓe ۬܉قك܈ IǓ ǳƺeƽǩ ǬǳǶdۥʹ  RaǬcǙǍ eǳ aǍ۬ 
eͳaǒƽǓed ǳƺe eΝcacʹ Ǚf bǙǳƺ LeͭǙdǙǦa aǓd RǙǦƽǓƽǩǙǍe ƽǓ aǍǍeͭƽaǳƽǓg PD
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ǬʹǒǦǳǙǒǬ۬ A ǦaǳƽeǓǳ۱Ǭ ǩƽǬǋ Ǚf deͭeǍǙǦƽǓg dʹǬǋƽǓeǬƽa ͮaǬ fǙǶǓd ǳǙ be 
aǍǒǙǬǳ ǳƺǩee ǳƽǒeǬ ǍǙͮeǩ ͮƺƽǍe ǳaǋƽǓg RǙǦƽǓƽǩǙǍe aǍǙǓeۥ aǬ ǙǦǦǙǬed ǳǙ 
LeͭǙdǙǦa aǍǙǓe۬ RǙǦƽǓƽǩǙǍe aǓd LeͭǙdǙǦa ǳaǋeǓ ǳǙgeǳƺeǩ ǒǙǩe 
eΜecǳƽͭeǍʹܹǩedǶcedܹǳƺeܹǍƽǋeǍƽƺǙǙdܹǙfܹͮǙǩǬeǓƽǓgܹPDܹǬʹǒǦǳǙǒǬܹ۬܉قك܈

NǶǒeǩǙǶǬ ǦƺaǩǒaceǶǳƽcaǍ ǒedƽcaǳƽǙǓǬ Ǭeǩͭe ǳǙ eaǬe ǳƺe ǦaƽǓ Ǚf ǦaǳƽeǓǳǬ 
ͮƺǙ ƺaͭe eͳǦeǩƽeǓced TBI۬ UǓǍƽǋe PDۥ ͮƺƽcƺ ƽǬ cƺaǩacǳeǩƽ͹ed bʹ a ǬǦecƽΟc 
Ǭeǳ Ǚf Ǭƽde eΜecǳǬ cǙǒǒǙǓ ǳǙ eacƺ ǦaǳƽeǓǳۥ TBI ǬʹǒǦǳǙǒǬ aǩe dƽagǓǙǬed ǙǓ 
a caǬeܝbʹܝcaǬe baǬƽǬ ۬܉لـ܈ TƺeǩefǙǩeۥ dƽagǓǙǬǳƽc ǦǩǙcedǶǩeǬ dƽΜeǩ ͮƽǳƺ eacƺ 
ǦaǳƽeǓǳ aǓd ǦǩeǬcǩƽǦǳƽǙǓ dǙǬageǬ dƽǩecǳǍʹ cǙǩǩeǍaǳe ǳǙ ǳƺe Ǭeͭeǩƽǳʹ Ǚf ǳƺe TBI 
 ǩeǍaǳedܝFǙǩ ǒƽǍdeǩ fǙǩǒǬ Ǚf TBI ǬǶcƺ aǬ bǩaƽǓ daǒage ǳƺaǳ aǩe bǍaǬǳ ۬܉كك܈
 ۥcaǶǬed bʹ aƽǩ ǦǩeǬǬǶǩe cƺaǓgeǬܑܐ fǙcaǍ ܐcaǶǬed bʹ cǙǓǳacǳܑۥ dƽΜǶǬed ܐcaǶǬed 
bʹ fǙǩceܑۥ Ǚǩ fǩǙǒ cǙǓcǶǬǬƽǙǓǬۥ ǳƺe ǦǩǙceǬǬ Ǚf dƽagǓǙǬƽǬ ƽǓͭǙǍͭeǬ eͳaǒƽǓƽǓg 
ǬǙǍeǍʹ ǳƺe ƺƽǬǳǙǩʹ Ǚf ǳƺe ƽǓcƽdeǓǳ aǓd dƽǩecǳ caǶǬe Ǚf ƽǓǈǶǩʹ ۬܉كك܈ HǙͮeͭeǩۥ 
fǙǩ acǶǳe bǩaƽǓ ƽǓǈǶǩƽeǬ ǬǶcƺ aǬ ǬǋǶǍǍ fǩacǳǶǩeǬۥ bǩǶƽǬƽǓg Ǚf bǩaƽǓ ǳƽǬǬǶe 
ǋǓǙͮǓ aǬ ceǩebǩaǍ cǙǓǳǶǬƽǙǓǬۥ Ǚǩ ƺeǒaǳǙǒaǬۥ ǦǩǙgǓǙǬƽǬ ƽǬ deǳeǩǒƽǓed ͭƽa 
aǓaǍʹǬƽǬ Ǚf ƽǒagƽǓg ǳeǬǳǬ aǓd a ǦaǳƽeǓǳܬǬ cǍƽǓƽcaǍ ǦǩeǬeǓǳaǳƽǙǓ۬ IǓ ǒǙǬǳ ǒƽǍd 
caǬeǬۥ ǩecǙǒǒeǓded ǒedƽcaǳƽǙǓǬ ƽǓcǍǶde ǙͭeǩܝǳƺeܝcǙǶǓǳeǩ ǦaƽǓ ǩeǍƽef dǩǶgǬ 
ǬǶcƺܹaǬܹNaǦǩǙͳeǓܹaǓdܹAceǳaǒƽǓǙǦƺeǓܹ۬܉لك܈

Oǳƺeǩ ǦǩeǬcǩƽǦǳƽǙǓ ǒedƽcaǳƽǙǓǬ dƽǩecǳǍʹ ǳaǩgeǳed ǳǙ ǩedǶce bǙǳƺ ǦƺʹǬƽcaǍ 
ǦaƽǓ aǓd eǒǙǳƽǙǓaǍ ǳǩaǶǒa eͳǦeǩƽeǓced bʹ TBI ǦaǳƽeǓǳǬ ƽǓcǍǶde 
aǓǳƽcǙǓͭǶǍǬaǓǳǬۥ aǓǳƽdeǦǩeǬǬaǓǳǬۥ aǓǳƽǦǬʹcƺǙǳƽcǬۥ aǓd ǒedƽcaǳƽǙǓǬ ǩeǍƽeͭƽǓg 
ǒǙǳǙǩ cǙǒǦǍƽcaǳƽǙǓǬ۬ AǓǳƽcǙǓͭǶǍǬaǓǳ ǒedƽcaǳƽǙǓ ƽǬ ǶǳƽǍƽ͹ed ƽǓ ǦaǳƽeǓǳǬ ͮƺǙ 
eͳǦeǩƽeǓce eǦƽǍeǦǳƽc eǦƽǬǙdeǬ dǶe ǳǙ ǳƺeƽǩ TBI aǓd ͮǙǩǋǬ ǳǙ ǦǩeͭeǓǳ ǳƺe 
ǙccǶǩǩeǓce Ǚf Ǭeƽ͹ǶǩeǬ ۬܉مك܈ AǓǳƽeǦƽǍeǦǳƽc dǩǶgǬۥ ǬǶcƺ aǬ GabaǦeǓǳƽǓ aǓd 
TǙǦƽǩaǒaǳeۥ ƽǓƺƽbƽǳ eͳceǬǬƽͭe ǓeǶǩǙǓaǍ eͳcƽǳabƽǍƽǳʹ aǓd ǳƺǶǬ ǦǩeͭeǓǳ ǳƺe 
eǬcaǍaǳƽǙǓ Ǚf eͳƽǬǳƽǓg Ǭeƽ͹ǶǩeǬ۬ UǬed ǳǙ ǳǩeaǳ ǒaǓʹ fǙǩǒǬ Ǚf ǓeǶǩǙǍǙgƽcaǍ aǓd 
ǒeǓǳaǍ ƽǍǍǓeǬǬeǬۥ aǓǳƽdeǦǩeǬǬaǓǳǬ aǓd aǓǳƽǦǬʹcƺǙǳƽcǬ aǩe cǙǒǒǙǓ ǳǩeaǳǒeǓǳǬ 
fǙǩ ǦaǳƽeǓǳǬ ͮƺǙ ǬǶΜeǩ fǩǙǒ bǙǳƺ PD aǓd TBI۬ AǬ bǙǳƺ PD aǓd TBI 
dƽǩecǳǍʹ ƽǓΠǶeǓce ǳƺe ǍeͭeǍǬ Ǚf ǓeǶǩǙǳǩaǓǬǒƽǳǳeǩ ǬƽgǓaǍƽǓg ƽǓ ǳƺe bǩaƽǓۥ 
aǓǳƽdeǦǩeǬǬaǓǳǬ aǓd aǓǳƽǦǬʹcƺǙǳƽcǬ Ǭeǩͭe ǳǙ cǙǒbaǳ aǓʹ ǦǬʹcƺƽaǳǩƽc dƽǬǙǩdeǩǬ 
ǳƺaǳܹǒaʹܹaǩƽǬeܹۥǬǶcƺܹaǬܹdeǦǩeǬǬƽǙǓܹaǓdܹƺaǍǍǶcƽǓaǳƽǙǓǬܹ۬܉نك܈

AǒaǓǳadƽǓeۥ aǓ aǓǳƽͭƽǩaǍ ǒedƽcaǳƽǙǓ ǳƺaǳ ͮaǬ ΟǩǬǳ ǦǩeǬcǩƽbed ǳǙ cǙǒbaǳ ǳƺe 
IǓΠǶeǓ͹a A ͭƽǩǶǬۥ ƺaǬ ƽǓcǩeaǬƽǓgǍʹ beeǓ ǦǩǙͭeǓ ǳǙ ǬƽgǓƽΟcaǓǳǍʹ ǩedǶce 
ǦǩeͭaǍeǓǳ ǬʹǒǦǳǙǒǬ Ǚf PD ǬǶcƺ aǬ ǬǳƽΜǓeǬǬۥ ǳǩeǒǙǩۥ aǓd ǬǍǙͮǓeǬǬ Ǚf 
ǒǙͭeǒeǓǳ ǋǓǙͮǓ aǬ bǩadʹǋƽǓeǬƽa ۬܉ؽل܈ AǒaǓǳadƽǓe ƺaǬ aǍǬǙ beeǓ ǬƺǙͮǓ 
ǳǙ ǬǳƽǒǶǍaǳe ǳƺe fǶǓcǳƽǙǓaǍ ǩecǙͭeǩʹ Ǚf ǳƺǙǬe ͮƺǙ ǬǶΜeǩ fǩǙǒ ǒǙǳǙǩ 
dʹǬfǶǓcǳƽǙǓ ǩeǍaǳed ǳǙ TBI۬ FǶǩǳƺeǩǒǙǩeۥ CƺaǓg aǓd RaǒǦƺǶǍ ǦǙƽǓǳ ǙǶǳ
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ǳƺaǳ ǳƺe Ǧǩƽǒaǩʹ adͭaǓǳage Ǚf AǒaǓǳadƽǓe ƽǬ ƽǳǬ ǍǙͮ Ǭƽde eΜecǳ ǦǩǙΟǍeۥ 
ͮƺƽcƺ aǍǍǙͮǬ ƽǳ ǳǙ ǦǩǙǦeǩǍʹ fǶǓcǳƽǙǓ ͮƽǳƺǙǶǳ eͳceǬǬƽͭe ƺaǩǒ۬ TƺǙǶgƺ 
AǒaǓǳadƽǓe ƺaǬ beeǓ ǦǩeǬcǩƽbed ǳǙ ǦaǳƽeǓǳǬ ǬǶΜeǩƽǓg fǩǙǒ PD aǓd ǳǙ 
ǦaǳƽeǓǳǬ ǬǶΜeǩƽǓg fǩǙǒ TBIۥ feͮ ǬǳǶdƽeǬ ƺaͭe eͳaǒƽǓed ǳƺe eΜecǳ Ǚf 
AǒaǓǳadƽǓe ƽǓ ǳǩeaǳƽǓg PD aǓd TBI ǬƽǒǶǍǳaǓeǙǶǬǍʹ ۬܉ؽل܈ TƺǶǬۥ fǶǩǳƺeǩ 
ǩeǬeaǩcƺ ƽǬ Ǔeeded ǳǙ deǳeǩǒƽǓe ǳƺe dǩǶgܬǬ eΝcacʹ ƽǓ ǦaǳƽeǓǳǬ ͮƽǳƺ bǙǳƺ 
dƽǬǙǩdeǩǬ۬ AcǙǬǳa eǳ aǍ۬ deǒǙǓǬǳǩaǳe ǳƺe ǦǙǬǬƽbƽǍƽǳʹ fǙǩ a ǒǙǍecǶǍaǩ 
ǒecƺaǓƽǬǒ ǳƺaǳ cǙǶǍd be ƺaǩǓeǬǬed ǳǙ cǩeaǳe Ǔeͮ ǒedƽcaǳƽǙǓ fǙǩ PD ۬܉قق܈ 
Neͮeǩ aǓd ǒǙǩe adͭaǓced ǒedƽcaǳƽǙǓǬ caǓ ǳaǩgeǳ acǩǙǍeƽǓ ƽǓ ǳƺe bǙdʹ ǳǙ 
ƽǒǦede aǓd ǒǙdeǩaǳe Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ۬ Wƽǳƺ ǳƺe eͳƽǬǳƽǓg ǩeǬeaǩcƺ ǙǓ ǳƺe 
eΜecǳƽͭeǓeǬǬ Ǚf ǦǩeǬcǩƽǦǳƽǙǓ ǒedƽcaǳƽǙǓǬۥ ǒaǓʹ cǍaǬǬeǬ Ǚf dǩǶgǬ caǓ be 
ǶǳƽǍƽ͹ed ǳǙ ǳaǩgeǳ ǬʹǒǦǳǙǒǬ Ǚf PD aǓd TBI bǙǳƺ ƽǓdƽͭƽdǶaǍǍʹ aǓd 
ǬƽǒǶǍǳaǓeǙǶǬǍʹ۬

)LJXUH 5: MecKaQLVP beKLQd LeYRdRSa, a PD dRSaPLQe agRQLVWV

Nonܝinͭasiͭe ܹtreatmentܹܐCognitiͭeܹ Therapies/ܹEͳercisingܑ
NǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ fǙǩ PD aǓd TBI ƺaͭe deǒǙǓǬǳǩaǳed eΝcacʹ ƽǓ 
ǒaǓʹ ǬǳǶdƽeǬ۬ SǶcƺ ǳǩeaǳǒeǓǳǬ ceǓǳeǩ ǙǓ ǦƺʹǬƽcaǍ aǓd cǙgǓƽǳƽͭe 
ǩeƺabƽǍƽǳaǳƽǙǓ ǳǙ aǒeǍƽǙǩaǳe ǒaǓʹ Ǚf ǳƺe cǙǒǒǙǓ ǬʹǒǦǳǙǒǬ fǙǶǓd ƽǓ bǙǳƺ 
PD aǓd TBIۥ ƽǓcǍǶdƽǓg ǒǙǳǙǩ ͮeaǋǓeǬǬ aǓd ǬǳabƽǍƽǳʹ۬  A cǙǒǒǙǓ 
aǦǦeaǩaǓce Ǚf ǒǙǳǙǩ ͮeaǋǓeǬǬ ƽǓ PD aǓd TBI ǦaǳƽeǓǳǬ ƽǬ aǓ abǓǙǩǒaǍ gaƽǳ 
 AǓ abǓǙǩǒaǍ gaƽǳ ƽǬ cƺaǩacǳeǩƽ͹ed bʹ aǓ aǬʹǒǒeǳǩƽc ǩƺʹǳƺǒ ǳƺaǳ ۬܉ؾل܈
aΜecǳǬ ǳƺe abƽǍƽǳʹ Ǚf ǳƺe ǦaǳƽeǓǳ ǳǙ ͮaǍǋ eΜecǳƽͭeǍʹ aǓd caǓ ǒaǓƽfeǬǳ aǬ 
ǬƺǶΞƽǓg ǬǳeǦǬۥ gaƽǳ ƽǓƽǳƽaǳƽǙǓ faƽǍǶǩeۥ Ǚǩ fǩee͹ƽǓg Ǚf gaƽǳ ۬܉ؿل܈ AǓǙǳƺeǩ 
aǦǦeaǩaǓce Ǚf ǒǙǳǙǩ ͮeaǋǓeǬǬ ƽǬ a Ǎacǋ Ǚf baǍaǓceۥ ͮƺƽcƺ caǓ be 
cƺaǩacǳeǩƽ͹ed bʹ aǓ ǶǓǶǬǶaǍǍʹ ƽǓcǩeaǬed ǓǶǒbeǩ Ǚf faǍǍǬ ۬܉ـل܈ MaǓʹ ǬǳǶdƽeǬ
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ƺaͭe beeǓ ǬǶcceǬǬfǶǍ ƽǓ ǳƺeƽǩ fǙcǶǬ ǙǓ eͳeǩcƽǬe aǬ a ǦǙǬǬƽbǍe ǒeǳƺǙd Ǚf 
ƽǒǦǩǙͭƽǓg gaƽǳۥ baǍaǓceۥ ǒǙbƽǍƽǳۥʹ  aǓd ǙͭeǩaǍǍ ǒǙǳǙǩ ǬʹǒǦǳǙǒǬ Ǚf ǦaǳƽeǓǳǬ 
ͮƽǳƺ PaǩǋƽǓǬǙǓܬǬ dƽǬeaǬe ۬܉فل܈ FǶǩǳƺeǩǒǙǩeۥ baǬƽc ǳǩeadǒƽǍǍ eͳeǩcƽǬeǬ ƺaͭe 
ǒaǩǋedǍʹ ƽǒǦǩǙͭed ǒǙǬǳ ǒǙǳǙǩ ǬʹǒǦǳǙǒǬ ƽǓ cǙǒǦaǩƽǬǙǓ ǳǙ Ǚǳƺeǩ fǙǩǒǬ Ǚf 
ǒǙͭeǒeǓǳۥ ǬǶcƺ aǬ daǓce aǓd ʹǙga ۬܉قل܈ TǙ ǒaͳƽǒƽ͹e ǳƺeǩaǦeǶǳƽc beǓeΟǳۥ 
ǙǳƺeǩܹǬǳǶdƽeǬܹƺaͭeܹcǙǶǦǍedܹeͳeǩcƽǬeܹͮƽǳƺܹǙǳƺeǩܹfǙǩǒǬܹǙfܹǬǳƽǒǶǍaǳƽǙǓ۬

A Ǔeͮ ǬǳǶdʹ fǙǶǓd ǳƺaǳ cǙǒbƽǓƽǓg ǩƺʹǳƺǒƽc aǶdƽǳǙǩʹ ǬǳƽǒǶǍaǳƽǙǓ ܐRASܑ 
aǓd ǳǩeadǒƽǍǍ ǳǩaƽǓƽǓg gǩeaǳǍʹ ƽǒǦǩǙͭed ǳƺe ǙͭeǩaǍǍ gaƽǳ ǦeǩfǙǩǒaǓce Ǚf ǳƺe 
ǦaǩǳƽcƽǦaǓǳǬ۬ RAS ͮaǬ ƽǒǦǍeǒeǓǳed ƽǓ ǳƺƽǬ ǬǳǶdʹ ǳƺǩǙǶgƺ ǳƺe ǶǬe Ǚf ǒǶǬƽc 
ǳǙ caǦǳǶǩe ǳƺeƽǩ ƽǓǓaǳe ƽǓǳeǩǓaǍ ǳƽǒƽǓg ǦǩǙceǬǬ aǓd ƽǒǦǩǙͭe ǳƺeƽǩ gaƽǳ 
ǦaǩaǒeǳeǩǬ۬ AǍǍ ǦaǩǳƽcƽǦaǓǳǬ ƽǓ ǳƺe ǳǩƽaǍ ǩeǦǙǩǳed ǓǙ Ǭƽde eΜecǳǬ dǶǩƽǓg ǳƺe 
eǓǳƽǩeǳʹ Ǚf ǳƺe ǩeƺabƽǍƽǳaǳƽǙǓ ǦǩǙceǬǬ۬ OͭeǩaǍǍۥ ƽǳ ͮaǬ cǙǓcǍǶded ǳƺaǳ ǳƺe 
addƽǳƽǙǓ Ǚf Rƺʹǳƺǒƽc AǶdƽǳǙǩʹ SǳƽǒǶǍaǳƽǙǓ ǳǙ ǳǩeadǒƽǍǍ eͳeǩcƽǬe ǙΜeǩǬ 
cǙǒǦǍeǒeǓǳaǩʹ adͭaǓǳageǬ ǳǙ PD ǦaǳƽeǓǳǬܬ baǍaǓceۥ Ǭǳǩƽde cǙǶǓǳۥ aǓd 
ǙͭeǩaǍǍ gaƽǳ ǦeǩfǙǩǒaǓce ۬܉كل܈ DǶe ǳǙ ǳƺe ǍǙǬǬ Ǚf ǩƺʹǳƺǒƽc ǒǙͭeǒeǓǳǬ ǳƺaǳ 
cƺaǩacǳeǩƽ͹e gaƽǳǬ ƽǓ PD ǦaǳƽeǓǳǬۥ ǩƺʹǳƺǒƽc aǶdƽǳǙǩʹ ǬǳƽǒǶǍaǳƽǙǓ ǦǩǙͭƽdeǬ 
cǙǒǦeǓǬaǳƽǙǓܹfǙǩܹǳƺƽǬܹǍǙǬǬ۬

A feͮ ǬǳǶdƽeǬ ƺaͭe aǍǬǙ ǩeǬeaǩcƺed ǳƺe ǍǙǬǬ Ǚf ǩƺʹǳƺǒ ƽǓ ǳƺe ǒǙͭeǒeǓǳǬ Ǚf 
ǦaǳƽeǓǳǬ ͮƽǳƺ PD aǓd ƽǳǬ cǙǩǩeǍaǳƽǙǓ ͮƽǳƺ ǳƺe aǦǦeaǩaǓce Ǚf abǓǙǩǒaǍ gaƽǳ۬ 
A ǬǳǶdʹ cǙǓdǶcǳed ƽǓ لننؾ fǙcǶǬed ǙǓ ǳƺe eΜecǳ Ǚf ǩƺʹǳƺǒƽc aǶdƽǳǙǩʹ 
ǬǳƽǒǶǍaǳƽǙǓ ǙǓ ǳƺe gaƽǳ ͭeǍǙcƽǳʹ aǓd cadeǓce Ǚf PD ǦaǳƽeǓǳǬ۬ Tƺe ǬǳǶdʹ 
fǙǶǓd ǳƺaǳ a faǬǳeǩ RAS ǩeǬǶǍǳed ƽǓ a ǬƽgǓƽΟcaǓǳ ƽǒǦǩǙͭeǒeǓǳ ƽǓ gaƽǳ 
ͭeǍǙcƽǳʹ aǓd cadeǓceۥ ƽǓdƽcaǳƽǓg ǳƺaǳ ǩƺʹǳƺǒƽc aǶdƽǳǙǩʹ facƽǍƽǳaǳƽǙǓ cǙǶǍd be 
a ǬǶcceǬǬfǶǍ ǳecƺǓƽǨǶe ƽǓ gaƽǳ ǩeƺabƽǍƽǳaǳƽǙǓ ۬܉لل܈ AǓǙǳƺeǩ ǬǳǶdʹ 
ƽǓcǙǩǦǙǩaǳed ǩƺʹǳƺǒƽc aǶdƽǳǙǩʹ cǶeǬ Ǚf a ǒeǳǩǙǓǙǒe beaǳ ǳǙ aǓaǍʹ͹e ǳƺe 
ǙͭeǩaǍǍ eΜecǳ PD ǦaǳƽeǓǳǬܬ ǦeǩfǙǩǒaǓce ǙǓ ǬƽǓgǍe aǓd dǶaǍܝǒǙǳǙǩ ǳaǬǋǬ۬ NǙ 
ǬƽgǓƽΟcaǓǳ cƺaǓge ƽǓ gaƽǳ ǦeǩfǙǩǒaǓce ͮaǬ ǙbǬeǩͭed ͮƺeǓ ǳƺe ǒeǳǩǙǓǙǒe 
beaǳ ͮaǬ ƽǒǦǍeǒeǓǳed aǬ a ǬǳaǓdaǍǙǓe۲ ƺǙͮeͭeǩۥ ǬƽgǓƽΟcaǓǳ ƽǒǦǩǙͭeǒeǓǳ 
ͮaǬ ǙbǬeǩͭed ƽǓ ǦaǳƽeǓǳǬ ͮƺǙ eͳǦeǩƽeǓced a cǙǒbƽǓaǳƽǙǓ Ǚf a ǩƺʹǳƺǒƽc 
aǶdƽǳǙǩʹ cǶe aǓd aǓ aǳǳeǓǳƽǙǓaǍ cǶe ܐe۬g۬ۥ ǩeǨǶƽǩƽǓg ǦaǳƽeǓǳǬ ǳǙ fǙcǶǬ ǙǓ 
ǳaǋƽǓg bƽg ǬǳeǦǬܑ ۬܉مل܈ TƺƽǬ ǬǳǶdʹ cǙǩǩǙbǙǩaǳeǬ ǳƺe cǍaƽǒ ǳƺaǳ ǬǙǒe ǳʹǦe Ǚf 
ƽǓcǙǩǦǙǩaǳƽǙǓ Ǚf ǩƺʹǳƺǒƽc aǶdƽǳǙǩʹ ǬǳƽǒǶǍaǳƽǙǓ caǓ ƺaͭe a ǬƽgǓƽΟcaǓǳ 
ǦǙǬƽǳƽͭe cƺaǓge ƽǓ gaƽǳ ǦeǩfǙǩǒaǓce Ǚf PaǩǋƽǓǬǙǓܬǬ dƽǬeaǬe۬ NeͭeǩǳƺeǍeǬǬۥ ǳƺe 
ǳǙǦƽc Ǚf RAS aǓd ǳǩeadǒƽǍǍ ǳǩaƽǓƽǓg aǬ a ǳƺeǩaǦeǶǳƽc Ǭǳǩaǳegʹ ǳǙ ƽǒǦǩǙͭe 
gaƽǳܹaǦǦeaǩaǓceܹǍacǋǬܹǩeceǓǳܹǩeǬeaǩcƺܹaǓdܹǩeǨǶƽǩeǬܹfǶǩǳƺeǩܹƽǓͭeǬǳƽgaǳƽǙǓ۬

Oǳƺeǩ fǙǩǒǬ Ǚf eͳeǩcƽǬeۥ ǬǶcƺ aǬ aǨǶaǳƽc eͳeǩcƽǬeۥ ǒaʹ aǍǬǙ ǦǩǙͭƽde 
ǳƺeǩaǦeǶǳƽc beǓeΟǳ ǳǙ PD ǦaǳƽeǓǳǬ۬ A ǩaǓdǙǒƽ͹ed cǙǓǳǩǙǍǍed ǳǩƽaǍ ǬǳǶdƽed
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ǳƺe eΜecǳǬ Ǚf aǨǶaǳƽc eͳeǩcƽǬe ǳƺeǩaǦʹ ǙǓ ǳƺe ƽǒǦǩǙͭeǒeǓǳ Ǚf PaǩǋƽǓǬǙǓƽaǓ 
gaƽǳ۬ Tƺe eͳǦeǩƽǒeǓǳaǍ gǩǙǶǦ ǦeǩfǙǩǒed ͭaǩƽǙǶǬ eͳeǩcƽǬeǬ ƽǓ a cǙǒǒǶǓƽǳʹ 
ǦǙǙǍ ǬeǳǳƽǓg fǙǩ ǳͮǙ ܝقفǒƽǓǶǳe ǬeǬǬƽǙǓǬ Ǧeǩ ͮeeǋ fǙǩ a ǳǙǳaǍ Ǚf Ǭƽͳ ͮeeǋǬۥ 
ͮƺeǩeaǬ ǳƺe cǙǓǳǩǙǍ gǩǙǶǦ ǩeceƽͭed ǳƺeƽǩ ǓǙǩǒaǍ ǳǩeaǳǒeǓǳۥ ͮƺƽcƺ ǙǓǍʹ 
cǙǓǬƽǬǳed Ǚf ǒedƽcaǳƽǙǓ۬ BǙǳƺ ǳƺe eͳǦeǩƽǒeǓǳaǍ aǓd cǙǓǳǩǙǍ gǩǙǶǦǬ 
deǒǙǓǬǳǩaǳed aǓ ƽǒǦǩǙͭeǒeǓǳ ƽǓ gaƽǳۥ ʹƽeǍdƽǓg ƽǓcǙǓcǍǶǬƽͭe eͭƽdeǓce fǙǩ 
ǳƺe beǓeΟǳǬ Ǚf aǨǶaǳƽc eͳeǩcƽǬe aǬ a ǦǙǳeǓǳƽaǍ ǳƺeǩaǦeǶǳƽc ǳecƺǓƽǨǶe ۬܉نل܈ 
AǓǙǳƺeǩ ǬǳǶdʹ ǬǙǶgƺǳ ǳǙ cǙǒǦaǩe ǳƺe eΜecǳƽͭeǓeǬǬ Ǚf bǙǳƺ ǙǓܝǍaǓd gaƽǳ 
ǳǩaƽǓƽǓg aǓd aǨǶaǳƽc gaƽǳ ǳǩaƽǓƽǓg ǳǙ ǒƽǳƽgaǳe ǦeǩƽǦƺeǩaǍ ǓeǶǩǙǦaǳƺƽeǬۥ a 
cǙǒǒǙǓ ǙccǶǩǩeǓce fǙǩ PD ǦaǳƽeǓǳǬ۬ Tƺe ǬǳǶdʹ cǙǓcǍǶded ǳƺaǳ ǳƺe 
ƽǒǦǩǙͭeǒeǓǳǬ fǩǙǒ ǳƺe ƽǓcǍǶǬƽǙǓ Ǚf aǨǶaǳƽcܝbaǬed gaƽǳ ǳǩaƽǓƽǓg ƽǓ 
cǙǓǈǶǓcǳƽǙǓ ͮƽǳƺ ǳǩadƽǳƽǙǓaǍ ǙǓܝǍaǓd gaƽǳ ǳǩaƽǓƽǓg ͮeǩe ǬƽǒƽǍaǩ ǳǙ ǳƺe 
ƽǒǦǩǙͭeǒeǓǳǬ Ǚf ǳƺe cǙǓǳǩǙǍ gǩǙǶǦ ǳƺaǳ dƽd ǓǙǳ ǶǓdeǩgǙ aǓʹ aǨǶaǳƽcܝbaǬed 
gaƽǳ ǳǩaƽǓƽǓg ۬܉ؽم܈ DeǬǦƽǳe ǙǩƽgƽǓaǍ ǦǙǬǳǶǍaǳeǬ ǳƺaǳ aǨǶaǳƽcܝbaǬed ǳƺeǩaǦƽeǬ 
ͮǙǶǍd ǦǩǙͭƽde beǓeΟǳ ǳǙ PD ǦaǳƽeǓǳǬۥ cǶǩǩeǓǳ ǩeǬeaǩcƺ dǙeǬ ǓǙǳ ǦǩǙͭƽde 
dǶǩabǍeܹǬǶǦǦǙǩǳܹfǙǩܹǳƺƽǬܹcǍaƽǒ۬

AǬ ͮƽǳƺ PDۥ cǙgǓƽǳƽͭe aǓd ǦƺʹǬƽcaǍ ǳƺeǩaǦʹ ƺaͭe ǩeceƽͭed aǳǳeǓǳƽǙǓ aǬ a 
ǦǙǳeǓǳƽaǍ ǳƺeǩaǦeǶǳƽc aͭeǓǶe۬ AǍbeǩǳǙ EǬǨǶeǓa͹ƽ eǳ aǍ۬ fǙcǶǬed ǙǓ ǬǦecƽΟc 
ǒeǳƺǙdǬ Ǚf ǍǙcǙǒǙǳǙǩ ǳƺeǩaǦʹ ǳƺaǳ ǳaǩgeǳed ǳƺe gaƽǳ ͭeǍǙcƽǳʹ aǓd 
ǬǦaǳƽǙǳeǒǦǙǩaǍ Ǭʹǒǒeǳǩʹ Ǚf TBI ǦaǳƽeǓǳǬ۬ ReǬeaǩcƺeǩǬ ǳeǬǳed ǳƺe eΜecǳǬ Ǚf 
aǓ eǓd eΜecǳǙǩ ǩǙbǙǳۥ a ǩǙbǙǳƽc eͳǙǬǋeǍeǳǙǓۥ aǓd ǳǩeadǒƽǍǍ ǳǩaƽǓƽǓg ͮƽǳƺ 
ǒaǓǶaǍ aǬǬƽǬǳed ǦaǩǳƽaǍܝbǙdʹ ͮeƽgƺǳܝǬǶǦǦǙǩǳ ܐLǙǋǙǒaǳܑ۬ Tƺe 
LǙǋǙǒaǳ ǳǩaƽǓƽǓg ǒeǳƺǙd ƽǓcǍǶded a ƺaǩǓeǬǬ aǓd a ǩǙbǙǳƽc ǙǩǳƺǙǬƽǬۥ 
ͮƺƽcƺ ͮeǩe ǶǬed ǙǓ a ǳǩeadǒƽǍǍ۬ Tƺe ǦaǩǳƽaǍܝbǙdʹ ͮeƽgƺǳܝǬǶǦǦǙǩǳed 
ǳǩeadǒƽǍǍ ǳǩaƽǓƽǓg ǒeǳƺǙd ǶǬed a LƽǳeGaƽǳ bǙdʹ ͮeƽgƺǳ ǬǶǦǦǙǩǳ ǬʹǬǳeǒ ƽǓ 
ǳaǓdeǒ ͮƽǳƺ a ǳǩeadǒƽǍǍ۬ EǬǨǶeǓa͹ƽ eǳ aǍ۬ fǙǶǓd ǬƽgǓƽΟcaǓǳ 
ƽǒǦǩǙͭeǒeǓǳ ƽǓ ǳƺe ǦaǩǳƽcƽǦaǓǳǬܬ ǬeǍfܝǬeǍecǳed ͭeǍǙcƽǳʹ ͮƽǳƺ aǍǍ ǳƺǩee 
ǒeǳƺǙdǬ Ǚf ƽǓǳeǩͭeǓǳƽǙǓۥ aǬ ͮeǍǍ aǬ a ǬƽgǓƽΟcaǓǳ ƽǒǦǩǙͭeǒeǓǳ ƽǓ ǒaͳƽǒaǍ 
ͭeǍǙcƽǳʹ ͮƽǳƺ ǳƺe eͳcǍǶǬƽǙǓ Ǚf ǳƺe gǩǙǶǦ ǳƺaǳ ǶǬed aǓ eǓd eΜecǳǙǩ ǩǙbǙǳ 
ʹۥgaƽǳ Ǭʹǒǒeǳǩ ۥƽǒǦǩǙͭeǒeǓǳǬ ƽǓ gaƽǳ ǬǦeed ۥOͭeǩaǍǍ ۬܉ؾم܈  aǓd ͮaǍǋƽǓg 
eǓdǶǩaǓce ͮeǩe ǙbǬeǩͭed۬ SƽǒƽǍaǩǍۥʹ  PeǳeǩǬ eǳ aǍ۬ ǩeǬeaǩcƺed ǳƺe ƽǒǦacǳ Ǚf 
ƽǓǳeǓǬƽͭe ǒǙbƽǍƽǳʹ ǳǩaƽǓƽǓg ǙǓ baǍaǓce aǓd gaƽǳ ǬǦeed Ǚf cƺǩǙǓƽc TBI 
ǦaǳƽeǓǳǬ۬ TƺǙǶgƺ ͭaǩƽǙǶǬ ǬǶbǈecǳǬ ǩeǦǙǩǳed faǳƽgǶe aǓd ǦaƽǓ ǳƺǩǙǶgƺǙǶǳ 
ǳƺe eͳǦeǩƽǒeǓǳۥ ǳƺe ǩeǬeaǩcƺeǩǬ ǓǙǳed ǬƽgǓƽΟcaǓǳ ƽǒǦǩǙͭeǒeǓǳ ͮƽǳƺƽǓ 
ǳƺe ǳƺǩee ǒǙǓǳƺǬ Ǚf ǳƺe ǳǩƽaǍ۬ TƺǶǬۥ PeǳeǩǬ eǳ aǍ۬ cǙǓcǍǶded ǳƺaǳ ǳƺe ƺƽgƺ 
cǙǓǬƽǬǳeǓcʹ ͮƽǳƺ ǳƺeǬe ǦaƽǓ aǓd faǳƽgǶe ǩeǦǙǩǳǬ ǦǩǙͭe ǳƺe ǦǙǬǬƽbƽǍƽǳʹ Ǚf 
ǶǬƽǓg ƽǓǳeǓǬƽͭe ǒǙbƽǍƽǳʹ ǳǩaƽǓƽǓg ǳǙ cǙǓǳƽǓǶe ǳǙ be a ǦǙǬǬƽbǍe ǳƺeǩaǦeǶǳƽc 
ǳecƺǓƽǨǶe fǙǩ ǳƺe TBI ǦaǳƽeǓǳǬ ۬܉ؿم܈ WƺƽǍe ǳƺe afǙǩeǒeǓǳƽǙǓed ǬǳǶdƽeǬ 
aǓaǍʹ͹ed a ͭaǩƽeǳʹ Ǚf dƽΜeǩeǓǳ ǳecƺǓƽǨǶeǬۥ bǙǳƺ fǙǶǓd a ǬƽgǓƽΟcaǓǳ
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ƽǒǦǩǙͭeǒeǓǳ ƽǓ gaƽǳ ǦeǩfǙǩǒaǓceۥ ǦǙƽǓǳƽǓg ǳǙ ǳƺeƽǩ ǦǙǬǬƽbǍe eΜecǳƽͭeǓeǬǬ 
aǬܹaܹǳƺeǩaǦeǶǳƽcܹƽǓǳeǩͭeǓǳƽǙǓܹfǙǩܹǦaǳƽeǓǳǬܹͮƽǳƺܹTBI۬

)LJXUH 6: BeUg BaOaQce ScaOe cRPSaULQg WKe fROORZLQg LRcRPRWRU TKeUaS\ IQWeUYeQWLRQV: 
PaUWLaO- BRd\ WeLgKW-SXSSRUWed TUeadPLOO, LRNRPaW, aQd gaLW YeORcLW\ aQd VSaWLRWePSRUaO 
V\PPeWU\ XVLQg aQ eQd effecWRU URbRW (G-EO) TUaLQLQg LQ SaWLeQWV ZLWK TBI.

Wƽǳƺ ǳƺe ƽǓǳeǩǬecǳƽǙǓ beǳͮeeǓ ǳecƺǓǙǍǙgʹ aǓd ǒedƽcƽǓeۥ addƽǳƽǙǓaǍ ǬǳǶdƽeǬ 
ƺaͭe fǙcǶǬed ǙǓ ǳƺe ǶǬe Ǚf dƽΜeǩeǓǳ fǙǩǒǬ Ǚf ͭƽǩǳǶaǍ ǩeaǍƽǳʹ ǬƽǒǶǍaǳƽǙǓǬ ǳǙ 
ƽǒǦǩǙͭe ǳƺe baǍaǓce aǓd ǙͭeǩaǍǍ ǒǙǳǙǩ ǬʹǒǦǳǙǒǬ Ǚf ǦaǳƽeǓǳǬ ͮƽǳƺ 
PaǩǋƽǓǬǙǓܬǬ dƽǬeaǬe۬ WƺeǓ cǙǒǦaǩƽǓg ͭƽǩǳǶaǍ ǩeaǍƽǳʹ ǩeƺabƽǍƽǳaǳƽǙǓ ǳǙ 
cǙǓͭeǓǳƽǙǓaǍ ǦƺʹǬƽcaǍ ǳƺeǩaǦۥʹ  HaǙ FeǓg eǳ۬ aǍ۬ cǙǓcǍǶded ǳƺaǳ ǳƺe ǶǬe Ǚf 
ͭƽǩǳǶaǍ ǩeaǍƽǳʹ bʹ ǦaǳƽeǓǳǬ ͮƽǳƺ PD ǩeǬǶǍǳed ƽǓ a gǩeaǳeǩ ƽǒǦǩǙͭeǒeǓǳ ƽǓ 
ǳƺeƽǩ baǍaǓce aǓd gaƽǳ۬ Tƺe ǬǳǶdʹ cǙǓǬƽǬǳed Ǚf a ͮܝؿؾeeǋ ǩeƺabƽǍƽǳaǳƽǙǓ 
ǦǩǙgǩaǒ ƽǓ ͮƺƽcƺ ǳƺe eͳǦeǩƽǒeǓǳaǍ gǩǙǶǦ ǩeceƽͭed baǍaǓce aǓd gaƽǳ ǳǩaƽǓƽǓg 
ǶǬƽǓg ͭƽǩǳǶaǍ ǩeaǍƽǳʹ ܐVRܑ ǳecƺǓǙǍǙgʹ۬  WƺƽǍe ǳƺe eͳǦeǩƽǒeǓǳ deǒǙǓǬǳǩaǳed 
ǳƺaǳ baǍaǓce aǓd gaƽǳ ǬƽgǓƽΟcaǓǳǍʹ ƽǓcǩeaǬed ͮƽǳƺ VR ǳƺeǩaǦۥʹ  ǳƺe ǬǳǶdʹ dƽd
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ǓǙǳ cǙǓǳǩǙǍ fǙǩ ͭaǩƽabǍeǬ ǬǶcƺ aǬ ageۥ ǳƽǒe Ǚf ǙǓǬeǳۥ aǓd ǍeͭeǍ Ǚf ƽǓǳeǩeǬǳ ͮƽǳƺ 
ǳƺe VR ǳƺeǩaǦeǶǳƽc ǒǙdaǍƽǳʹ ۬܉ـم܈ DeǬǦƽǳe ǳƺƽǬۥ ǳƺe ǬǳǶdʹ deǒǙǓǬǳǩaǳed 
ǳƺaǳ ǳƺe ƽǓcǍǶǬƽǙǓ Ǚf eͳeǩcƽǬeǬ ǳƺaǳ ǶǬe VR ǳecƺǓǙǍǙgʹ ƽǬ a ǦǙǬǬƽbǍe ǳƺeǩaǦʹ 
ǳǙ ƽǒǦǩǙͭe PaǩǋƽǓǬǙǓܬǬ baǍaǓce aǓd ǒǙbƽǍƽǳʹ۬  AǓǙǳƺeǩ ǬǳǶdʹ ǩeǬeaǩcƺed 
VRܝbaǬed baǍaǓce ǩeƺabƽǍƽǳaǳƽǙǓ ƽǓ TBI ǦaǳƽeǓǳǬ۬ TƺǩǙǶgƺ a ǩaǓdǙǒƽ͹ed 
cǙǓǳǩǙǍǍed ǳǩƽaǍۥ ͭƽǩǳǶaǍ ǩeaǍƽǳʹ ǳƺeǩaǦʹ ͮaǬ cǙǒǦaǩed ǳǙ ǳƺe ǳǩadƽǳƽǙǓaǍ 
ƺǙǒeܝbaǬed eͳeǩcƽǬe ǦǩǙgǩaǒǬ cǶǩǩeǓǳǍʹ ǶǳƽǍƽ͹ed ǳǙ ƺeǍǦ ƽǒǦǩǙͭe ǳƺe 
baǍaǓce ƽǓ TBI ǦaǳƽeǓǳǬ۬ Tƺeǩe ͮeǩe ͮܝكeeǋͮܝؿؾ ۥeeǋۥ aǓd ͮܝفؿeeǋ 
fǙǍǍǙͮܝǶǦǬۥ ͮƺeǩe bǙǳƺ ǳƺe eͳǦeǩƽǒeǓǳaǍ gǩǙǶǦ aǓd ǳƺe cǙǓǳǩǙǍ gǩǙǶǦ Ǭaͮ 
ǬƽgǓƽΟcaǓǳ ƽǒǦǩǙͭeǒeǓǳǬ ƽǓ baǍaǓce ۬܉فم܈ DeǬǦƽǳe ǳƺe ƽǒǦǩǙͭeǒeǓǳ ƽǓ ǳƺe 
baǍaǓce Ǚf TBI ǦaǳƽeǓǳǬ ͮƺǙ ǦaǩǳƽcƽǦaǳed ƽǓ VRܝbaǬed ǩeƺabƽǍƽǳaǳƽǙǓۥ ǳƺƽǬ 
ƽǒǦǩǙͭeǒeǓǳ dƽd ǓǙǳ eͳceed ǳƺaǳ Ǚf ǳƺe ƺǙǒeܝbaǬed eͳeǩcƽǬe ǦǩǙgǩaǒǬ۬ Tƺe 
cǙǓcǍǶǬƽǙǓ Ǚf bǙǳƺ ǬǳǶdƽeǬ ǬǶggeǬǳǬ ǳƺaǳ ͭƽǩǳǶaǍ ǩeaǍƽǳʹ ǒaʹ be a ǦǍaǶǬƽbǍe 
ǳƺeǩaǦeǶǳƽc ǳecƺǓƽǨǶe ǳƺaǳ ƽǒǦǩǙͭeǬ baǍaǓce fǙǩ bǙǳƺ PD ǦaǳƽeǓǳǬ aǓd TBI 
ǦaǳƽeǓǳǬ۬

AǍǳƺǙǶgƺ ǒaǓʹ Ǚf ǳƺe ǬǳǶdƽeǬ ǒeǓǳƽǙǓed abǙͭe ǬǙǍeǍʹ fǙcǶǬed ǙǓ eƽǳƺeǩ PD 
Ǚǩ TBIۥ ǳƺeǬe ǓǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ aǓd ǳƺeǩaǦƽeǬ ƽǓcǍǶde a cǙǒbƽǓed 
ƽǒǦǩǙͭeǒeǓǳ Ǚf ǬʹǒǦǳǙǒǬ Ǚf bǙǳƺ PD aǓd TBI۬ AddƽǳƽǙǓaǍǍۥʹ  Ǚǳƺeǩ 
ǳǩeaǳǒeǓǳǬ aǓd ǳƺeǩaǦƽeǬ ǳƺaǳ ǒaʹ ǓǙǳ be ǬǦecƽΟcaǍǍʹ ǒaǩǋeǳed ǳǙͮaǩdǬ PD 
Ǚǩ TBIۥ bǶǳ ƽǓcǍǶde aǓ ƽǒǦǩǙͭeǒeǓǳ ƽǓ ǳƺeƽǩ ǬʹǒǦǳǙǒǬ aǬ ͮeǍǍ۬ AǬ 
ǦǩeͭƽǙǶǬǍʹ ǒeǓǳƽǙǓedۥ ǒaǓʹ ǦǩeǬcǩƽǦǳƽǙǓ ǒedƽcaǳƽǙǓǬ ǳƺaǳ aǩe ǶǬed ǳǙ 
cǙǒbaǳ ǬʹǒǦǳǙǒǬ Ǚf PD aǓd TBI ƽǓcǍǶde ǒeǓǳaǍ ƺeaǍǳƺ dǩǶgǬۥ ǬǶcƺ aǬ 
aǓǳƽǦǬʹcƺǙǳƽcǬ aǓd aǓǳƽdeǦǩeǬǬaǓǳǬ۬ Taǩgeǳed ǳǙ aǍǍeͭƽaǳe ƽǓǳeǩǓaǍ 
ǦǬʹcƺǙǍǙgƽcaǍ dƽǬǙǩdeǩǬۥ ǳƺeǬe cǍaǬǬeǬ Ǚf ǒedƽcaǳƽǙǓ aƽd ƽǓ ǒƽǓƽǒƽ͹ƽǓg ǳƺe 
ǒeǓǳaǍ ǦaƽǓ aǓd ǬǶΜeǩƽǓg ǳƺaǳ ǙccǶǩǬ aǬ aǓ accǙǒǦaǓƽǒeǓǳ ǳǙ ǓeǶǩǙǍǙgƽcaǍ 
dƽǬǙǩdeǩǬܹǬǶcƺܹaǬܹTBIܹaǓdܹPD۬

SʹǒǦǳǙǒǬ Ǚf bǙǳƺ ǙfǳeǓ ƽǓcǍǶde ǦǬʹcƺǙǬƽǬۥ deǦǩeǬǬƽǙǓۥ aǓͳƽeǳۥʹ  aǓd 
ǦeǩǬǙǓaǍƽǳʹ dƽǬǙǩdeǩǬ ۬܉قم܈ FǶǩǳƺeǩǒǙǩeۥ a ǩeceǓǳ ǬǳǶdʹ fǙǶǓd a cǙǩǩeǍaǳƽǙǓ 
beǳͮeeǓ deǦǩeǬǬƽǙǓ aǓd Ǚǳƺeǩ ǦǬʹcƺƽaǳǩƽc ǬʹǒǦǳǙǒǬ aǓd ƽǓcǩeaǬed ǒǙǳǙǩ 
Ǭeͭeǩƽǳʹ ۬܉كم܈ ReǬeaǩcƺ dǙǓe bʹ CǙǓǩad eǳ aǍ۬ ƽǍǍǶǬǳǩaǳeǬ ǳƺaǳ ǳƺe aǦǦeaǩaǓce 
Ǚf deǦǩeǬǬƽǙǓۥ aǓͳƽeǳۥʹ  aǓd ͭaǩƽǙǶǬ ǦeǩǬǙǓaǍƽǳʹܝǩeǍaǳed dƽǬǙǩdeǩǬ ƺaͭe beeǓ 
ǬǳaǳƽǬǳƽcaǍǍʹ ǦǩǙͭeǓ ǳǙ be ǒǙǩe ǦǩeͭaǍeǓǳ ƽǓ ǳƺǙǬe ͮƺǙ ƺaͭe PD aǓd TBI۬ 
MaǓʹ ǳʹǦeǬ Ǚf ǳǩeaǳǒeǓǳۥ bǙǳƺ ǓǙǓܝƽǓͭaǬƽͭe aǓd ƽǓ ǳƺe fǙǩǒ Ǚf ǦǩeǬcǩƽǦǳƽǙǓ 
ǒedƽcaǳƽǙǓۥ ǬǶcƺ aǬ ǦǬʹcƺǙǳƺeǩaǦۥʹ  aǓǳƽdeǦǩeǬǬaǓǳ dǩǶgǬۥ aǓd 
ǓeǶǩǙǒǙdǶǍaǳƽǙǓۥ aǩe ǶǳƽǍƽ͹ed ǳǙ ǒƽǓƽǒƽ͹e ǳƺe eΜecǳǬ Ǚf deǦǩeǬǬƽǙǓ aǓd 
aǓͳƽeǳʹ ǳƺaǳ aǦǦeaǩ ƽǓ bǙǳƺ PD ǦaǳƽeǓǳǬ aǓd TBI ǦaǳƽeǓǳǬ۬ MaǋƽǙ TaǋaƺaǬƺƽ 
aǓd cǙǍǍeagǶeǬ cǙǓdǶcǳed a ǒǶǍǳƽceǓǳeǩ ǩaǓdǙǒƽ͹ed ǬǳǶdʹ ƽǓ ͮƺƽcƺ ǳƺeʹ 
aǓaǍʹ͹ed ǳƺe eΜecǳƽͭeǓeǬǬ Ǚf ǦaƽǩƽǓg dǶǍǙͳeǳƽǓeۥ a ǬeǩǙǳǙǓƽǓ aǓd
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ǓǙǩeǦƽǓeǦƺǩƽǓe ǩeǶǦǳaǋe ƽǓƺƽbƽǳǙǩ ܐSNRIܑۥ ͮƽǳƺ ǦaǩǙͳeǳƽǓe aǓd 
eǬcƽǳaǍǙǦǩaǒۥ ͮƺƽcƺ aǩe ǬeǍecǳƽͭe ǬeǩǙǳǙǓƽǓ ǩeǶǦǳaǋe ƽǓƺƽbƽǳǙǩǬ ܐSSRIǬܑۥ ǳǙ 
ƽǒǦǩǙͭe deǦǩeǬǬƽͭe ǬʹǒǦǳǙǒǬۥ aǦaǳƺۥʹ  aǓd gaƽǳ fǩee͹ƽǓg ƽǓ PD ǦaǳƽeǓǳǬ۬ Tƺe 
ǬǳǶdʹ cǙǓcǍǶded ǳƺaǳ ǳƺe cǙǒbƽǓaǳƽǙǓ Ǚf SNRIǬ ͮƽǳƺ SSRIǬ ƽǒǦǩǙͭed 
bǙǳƺ ǳƺe fǩee͹ƽǓg Ǚf ǳƺe gaƽǳ aǓd ǳƺe deǦǩeǬǬƽͭe ǬʹǒǦǳǙǒǬ ƽǓ PD ǦaǳƽeǓǳǬ۬ 
HǙͮeͭeǩۥ ǳƺe ǬǳǶdʹ dƽd ǓǙǳ ƽǓdƽcaǳe aǓʹ ǬƽgǓƽΟcaǓǳ cƺaǓge ƽǓ feeǍƽǓgǬ Ǚf 
aǦaǳƺʹ ƽǓ ǳƺe ǦaǩǳƽcƽǦaǓǳǬ ۬܉لم܈ NeͭeǩǳƺeǍeǬǬۥ ǳǩeaǳǒeǓǳǬ ǳƺaǳ ǦǩǙͭƽde a 
cǙǒbƽǓed ƽǒǦǩǙͭeǒeǓǳ fǙǩ bǙǳƺ PD ǦaǳƽeǓǳǬ aǓd TBI ǦaǳƽeǓǳǬ ǒǶǬǳ 
cǙǓǳƽǓǶeܹǳǙܹdeͭeǍǙǦܹaǓdܹƽǒǦǩǙͭe۬

ConclǶsion
WƺƽǍe ǳƺe ƽǓcƽdeǓce Ǚf TǩaǶǒaǳƽc BǩaƽǓ IǓǈǶǩʹ ƺaǬ deǒǙǓǬǳǩaǳed a ǦǙǬƽǳƽͭe 
cǙǩǩeǍaǳƽǙǓ ͮƽǳƺ ǳƺe ǙǓǬeǳ Ǚf PaǩǋƽǓǬǙǓܬǬ dƽǬeaǬeۥ fǶǩǳƺeǩ ǩeǬeaǩcƺ ƽǬ 
ǩeǨǶƽǩed ǳǙ deǳeǩǒƽǓe ǳƺe bƽǙǍǙgƽcaǍ aǓd cǙgǓƽǳƽͭe ǒecƺaǓƽǬǒǬ Ǚf ǳƺƽǬ 
aǬǬǙcƽaǳƽǙǓ۬ Tƺe ƽǓcƽdeǓce Ǚf TBIۥ aǓd ǳƺǶǬ PDۥ ͮaǬ fǙǶǓd ǳǙ 
dƽǬǦǩǙǦǙǩǳƽǙǓaǳeǍʹ aΜecǳ ceǩǳaƽǓ age aǓd geǓdeǩ gǩǙǶǦǬۥ beƽǓg ǒǙǩe 
ǦǩeͭaǍeǓǳ ƽǓ ǒeǓ ǳƺaǓ ͮǙǒeǓۥ ͮƽǳƺ ͮǙǒeǓ eͳǦeǩƽeǓcƽǓg ǬǍǙͮeǩ dƽǬeaǬe 
ǦǩǙgǩeǬǬƽǙǓܹaǓdܹǙǍdeǩܹageܹaǳܹǬʹǒǦǳǙǒܹǙǓǬeǳ۬

SǳǶdƽeǬ ǩegaǩdƽǓg ǳƺe ƽǓΠǶeǓce Ǚf geǓdeǩ aǓd ǦǩeͭaǍeǓce Ǚf TBI ǬƺǙͮed 
cǙǓǳǩadƽcǳǙǩʹ ǩeǬǶǍǳǬۥ ǦǙƽǓǳƽǓg ǳǙ ǳƺe ƽǒǦǙǩǳaǓce Ǚf fǶǩǳƺeǩ ǩeǬeaǩcƺ۬ WƺeǓ 
ǬǳǶdʹƽǓg ǦaǳƽeǓǳǬ ͮƽǳƺ bǙǳƺ PD aǓd TBIۥ ǩeǬeaǩcƺeǩǬ fǙǶǓd ǳƺe ǩƽǬǋ Ǚf 
deͭeǍǙǦƽǓgܹPDܹaǓd۳ǙǩܹƺeadܹƽǓǈǶǩʹܹǳǙܹƽǓcǩeaǬeܹgǩeaǳǍʹܹͮƽǳƺܹageܹ۬܉ق܈

ReǬeaǩcƺ ƺaǬ cǙǩǩeǍaǳed PD ͮƽǳƺ geǓeǳƽc aǓd eǓͭƽǩǙǓǒeǓǳaǍ ǩƽǬǋ facǳǙǩǬ 
 aǓd ƽǓcǩeaǬed ۥǬǋƽǓ caǩcƽǓǙǒa ۥǒaǍƽgǓaǓǳ ǒeǍaǓǙǒa ۥǦaǩaǨǶaǳ eͳǦǙǬǶǩeܐ
daƽǩʹ cǙǓǬǶǒǦǳƽǙǓܑ ۬܉ـؾ܈ ܉ؾؾ܈ ܉ؽؾ܈ FǶǩǳƺeǩ ǩeǬeaǩcƺ ƽǬ ǩeǨǶƽǩed ǳǙ 
ǶǓdeǩǬǳaǓd ǳƺe ƽǒǦacǳ Ǚf TBI ǙǓ ǳƺe ǙǓǬeǳ Ǚf PD ƽǓ gǩeaǳeǩ deǦǳƺ۬ 
FǶǩǳƺeǩǒǙǩeۥ PD ǦaǳƽeǓǳǬ aǩe ǒǙǩe ǍƽǋeǍʹ ǳǙ eͳǦeǩƽeǓce TBI dǶǩƽǓg ǳƺe 
ǦǩǙdǩǙǒaǍ ǦeǩƽǙd Ǚf ǳƺeƽǩ dƽǬeaǬe۬ TƺeǬe ǩeǬǶǍǳǬ cǙǶǍd ƽǓdƽcaǳe ǳƺaǳ ͮƽǳƺ a 
decǍƽǓe ƽǓ ǒǙǳǙǩ fǶǓcǳƽǙǓ dǶe ǳǙ agƽǓgۥ ƽǓdƽͭƽdǶaǍǬ aǩe ǒǙǩe ǍƽǋeǍʹ ǳǙ 
eͳǦeǩƽeǓce TBI fǩǙǒ faǍǍƽǓgۥ ͮƺƽcƺ cǙǶǍd ƽǓcǩeaǬe ǳƺeƽǩ cƺaǓceǬ Ǚf 
deͭeǍǙǦƽǓg PD۬ WƺƽǍe ǳƺe ƽǓcƽdeǓce Ǚf TBI caǓ Ǎead ǳǙ aǓ ƽǓcǩeaǬed 
cƺaǓce Ǚf deͭeǍǙǦƽǓg PDۥ ǳƺe ǦǩǙdǩǙǒaǍ ǦeǩƽǙd Ǚf PD caǓ ƽǓcǩeaǬe aǓ 
ƽǓdƽͭƽdǶaǍܬǬ cƺaǓceǬ Ǚf eͳǦeǩƽeǓcƽǓg a TBI fǩǙǒ ƽǓcƽdeǓǳǬ ǬǶcƺ aǬ faǍǍǬ۬ 
TƺeǩefǙǩeۥ ǳƺe dƽǩecǳƽǙǓ Ǚf ǳƺe cǙǩǩeǍaǳƽǙǓ ƽǬ ǶǓcǍeaǩۥ aǓd fǶǩǳƺeǩ ǩeǬeaǩcƺ 
ƽǬܹǩeǨǶƽǩed۬
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WƺeǓ ǶǓdeǩǬǳaǓdƽǓg ǳƺe bƽǙǍǙgƽcaǍ cǙǩǩeǍaǳƽǙǓ beǳͮeeǓ TBI aǓd ǳƺe ǙǓǬeǳ 
Ǚf PDۥ ƽǳ caǓ be cǙǓcǍǶded ǳƺaǳ TBI ǍeadǬ ǳǙ ǙͭeǩaccǶǒǶǍaǳƽǙǓ Ǚf 
aǍǦƺaܝǬʹǓǶcǍeƽǓ ƽǓ ǳƺe ǬǶbǬǳaǓǳƽa Ǔƽgǩa۲ ǳƺeǬe accǶǒǶǍaǳƽǙǓǬ aǩe aǍǬǙ a 
ǦǩǙǒƽǓeǓǳ cƺaǩacǳeǩƽǬǳƽc Ǚf PaǩǋƽǓǬǙǓܬǬ dƽǬeaǬe۬ DecǩeaǬed ǍeͭeǍǬ Ǚf ǳʹǩǙǬƽǓe 
ƺʹdǩǙͳʹǍaǬe Ǭeǩͭe aǬ aǓǙǳƺeǩ ǦaǳƺǙǍǙgƽcaǍ ǍƽǓǋ beǳͮeeǓ TBI aǓd PD۬ Tƺe 
ǦǩeǬeǓce Ǚf aǍǦƺaܝǬʹǓǶcǍeƽǓ ƺaǬ beeǓ ǙbǬeǩͭed ƽǓ ǦaǳƽeǓǳǬ ͮƽǳƺ TBI aǬ ͮeǍǍ 
aǬ ǦaǳƽeǓǳǬ ͮƽǳƺ PDۥ aǓd ǳƺǶǬ ǬeǩͭeǬ aǬ a ǦǙǳeǓǳƽaǍ ǍƽǓǋ beǳͮeeǓ bǙǳƺ 
cǙǓdƽǳƽǙǓǬ۬ SƽgǓƽΟcaǓǳ decǩeaǬeǬ ƽǓ ǳʹǩǙǬƽǓe ƺʹdǩǙͳʹǍaǬe ƽǓ TBI caǓ ǩeǬǶǍǳ ƽǓ 
a decǩeaǬe ƽǓ dǙǦaǒƽǓe aǓd ǦǙǳeǓǳƽaǍǍʹ ƽǓƽǳƽaǳe ǳƺe ǙǓǬeǳ Ǚf PaǩǋƽǓǬǙǓܬǬ 
dƽǬeaǬeۥ ͮƺƽcƺ ƽǬ aǍǬǙ aǬǬǙcƽaǳed ͮƽǳƺ a ǍǙǬǬ Ǚf dǙǦaǒƽǓeǩgƽc ǓeǶǩǙǓǬ ƽǓ ǳƺe 
bǩaƽǓ۬ WƺƽǍe ǳʹǩǙǬƽǓe ƺʹdǩǙͳʹǍaǬe aǓd aǍǦƺaܝǬʹǓǶcǍeƽǓ aǩe gǙǙd bƽǙǍǙgƽcaǍ 
ǒaǩǋeǩǬ fǙǩ ǶǓdeǩǬǳaǓdƽǓg ǳƺe ǍƽǓǋ beǳͮeeǓ TBI aǓd ǳƺe ǙǓǬeǳ Ǚf PDۥ 
fǶǩǳƺeǩ eͳǦeǩƽǒeǓǳaǍ ǩeǬeaǩcƺ ƽǬ Ǔeeded ǳǙ ͭaǍƽdaǳe ǳƺeƽǩ cǍƽǓƽcaǍ ͭaǍǶe۬ 
FǶǩǳƺeǩ ǩeǬeaǩcƺ ƽǬ aǍǬǙ Ǔeeded ǳǙ ǬǶǦǦǍʹ ǳƺe cǶǩǩeǓǳǍʹ ƽǓǬǶΝcƽeǓǳ ǩeǬeaǩcƺ 
ǙǓ ǳƺe ǩǙǍe Ǚf Ǚͳƽdaǳƽͭe ǬǳǩeǬǬ aǓd ǓeǶǩǙƽǓΠaǒǒaǳƽǙǓ aǬ a bƽǙǍǙgƽcaǍ 
cǙǩǩeǍaǳeܹbeǳͮeeǓܹTBIܹaǓdܹǳƺeܹǙǓǬeǳܹǙfܹPD۬

ReǬeaǩcƺ ǙǓ ǳƺe cǙgǓƽǳƽͭe eΜecǳǬ Ǚf TBI aǓd PD deǒǙǓǬǳǩaǳe ǳƺaǳ PD 
ǦaǳƽeǓǳǬ ͮƺǙ ǬǶΜeǩed fǩǙǒ TBI ƺad gǩeaǳeǩ cǙgǓƽǳƽͭe decǍƽǓe cǙǒǦaǩed ǳǙ 
ǦaǳƽeǓǳǬ ͮƺǙ dƽd ǓǙǳ ǬǶΜeǩ fǩǙǒ TBI۬ FǶǩǳƺeǩǒǙǩeۥ ƺƽǦǦǙcaǒǦaǍ 
daǒageۥ a ǩegƽǙǓ cǙǩǩeǍaǳed ͮƽǳƺ ǬǶbǬeǨǶeǓǳ cǙgǓƽǳƽͭe decǍƽǓeۥ ͮaǬ 
ǦǩeǬeǓǳ ƽǓ ǦaǳƽeǓǳǬ ͮƺǙ eͳǦeǩƽeǓced eƽǳƺeǩ TBI Ǚǩ PD۬ HǙͮeͭeǩۥ ƽǳ ƽǬ 
ǶǓcǍeaǩ ͮƺeǳƺeǩ TBI cǙǶǍd aggǩaͭaǳe ǳƺe ǬʹǒǦǳǙǒǬ Ǚf ǦǩǙdǩǙǒaǍ PD Ǚǩ 
dƽǩecǳǍʹ ǍeadܹǳǙܹPD۬

Tƺe dƽǬcǶǬǬƽǙǓ ǙǓ ǳƺeǩaǦeǶǳƽc ǳaǩgeǳǬ aǓd ǦǩeǬcǩƽǦǳƽǙǓǬ deǳeǩǒƽǓed 
eΜecǳƽͭe ǒedƽcaǳƽǙǓǬ ǳƺaǳ ǳǩeaǳ ǳƺe ǬʹǒǦǳǙǒǬ Ǚf PD aǓd TBI 
ƽǓdeǦeǓdeǓǳǍʹ۬ TƺeǬe ƽǓcǍǶde aǓǳƽdeǦǩeǬǬaǓǳǬۥ ǒǶǬcǍe ǩeǍaͳaǓǳǬۥ aǓd eͭeǓ 
Ǚͭeǩ ǳƺe cǙǶǓǳeǩ ǳǩeaǳǒeǓǳǬ۬ HǙͮeͭeǩۥ ǒǙǩe ǩeǬeaǩcƺ ƽǬ Ǔeeded ǳǙ 
ǶǓdeǩǬǳaǓd ǒedƽcaǳƽǙǓǬ aǓd ǳƺeǩaǦeǶǳƽc ǳaǩgeǳǬ ǳƺaǳ caǓ aǍǍeͭƽaǳe 
ǬʹǒǦǳǙǒǬܹǙfܹTBIܝƽǓdǶcedܹPD۬

IǓ addƽǳƽǙǓ ǳǙ ǳƺeǩaǦeǶǳƽc ǳaǩgeǳǬۥ ǓǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ ƺaͭe beeǓ 
ƽdeǓǳƽΟed ǳǙ ǦǙǳeǓǳƽaǍǍʹ ǳaǩgeǳ ǬʹǒǦǳǙǒǬ fǩǙǒ bǙǳƺ PD aǓd TBI۬ BǙǳƺ 
PD ǦaǳƽeǓǳǬ aǓd TBI ǦaǳƽeǓǳǬ ǦǩeǬeǓǳ ǬƽǒƽǍaǩ ǒǙǳǙǩ ǬʹǒǦǳǙǒǬ۲ ǳƺeǩefǙǩeۥ 
ǓǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ ǬǶcƺ aǬ ǳƺe ƽǓcǙǩǦǙǩaǳƽǙǓ Ǚf ǳǩeadǒƽǍǍ acǳƽͭƽǳʹ aǓd 
ͭƽǩǳǶaǍ ǩeaǍƽǳʹ ǳƺeǩaǦʹ caǓ ǦǙǳeǓǳƽaǍǍʹ ǳaǩgeǳ ǳƺeǬe ǬʹǒǦǳǙǒǬ fǙǩ 
ƽǒǦǩǙͭeǒeǓǳ۬ Tƺe cǙǒbƽǓaǳƽǙǓ Ǚf ƽǓͭaǬƽͭe aǓd ǓǙǓܝƽǓͭaǬƽͭe ǳǩeaǳǒeǓǳǬ 
cǙǶǍd ǦǙǬǬƽbǍʹ ǳǩeaǳ ǦaǳƽeǓǳǬ ͮƺǙ eͳǦeǩƽeǓce TBIܝƽǓdǶced PD۬ TƺeǩefǙǩeۥ 
ͮƺƽǍe TBI caǓ be ǶǓdeǩǬǳǙǙd aǬ a ǦǙǳeǓǳƽaǍ ǓǙǓܝgeǓeǳƽc ǩƽǬǋ facǳǙǩ fǙǩ ǳƺe
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deͭeǍǙǦǒeǓǳ Ǚf PDۥ ǒǙǩe ǩeǬeaǩcƺ ƽǬ ǩeǨǶƽǩed ǳǙ ǶǓdeǩǬǳaǓd ǳƺe eͳǳeǓǳ Ǚf 
ǳƺƽǬ cǙǩǩeǍaǳƽǙǓ aǓd ǳƺe ƽǒǦǍƽcaǳƽǙǓǬ Ǚf cǶǩǩeǓǳ ǩeǬeaǩcƺ۬ UǓdeǩǬǳaǓdƽǓg 
ǳƺe caǶǬaǍ ǍƽǓǋ beǳͮeeǓ TǩaǶǒaǳƽc BǩaƽǓ IǓǈǶǩʹ aǓd ǳƺe ƽǓcƽdeǓce Ǚf 
PaǩǋƽǓǬǙǓܬǬ DƽǬeaǬe ͮǙǶǍd aǍǍǙͮ fǙǩ ǒǙǩe ǦǩecƽǬe ǳǩeaǳǒeǓǳ ǦǍaǓǬ ǳƺaǳ 
cǙǶǍdܹǦǙǳeǓǳƽaǍǍʹܹǦǩeͭeǓǳܹǳƺeܹǙǓǬeǳܹǙfܹPD۬
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