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PERCEPTION AND PRODUCTION OF INTONATION 

IN MODERATE AND SEVERE HEAD INJURIES 

by

Tania Zazula

Adviser:  Dr. S. Matt is

Moderately and seve re ly  head- in ju red  p a t i e n t s  were evalua ted  on 

t h e i r  a b i l i t y  to  perceive and produce a f f e c t i v e  vocal in tona t ion  and on 

t h e i r  a b i l i t y  t o  conceptua l ize  a f f e c t i v e  te rms. D i f f i c u l t y  in the  

production of prosody has been i d e n t i f i e d  as a source of  soc ia l  

d i f f i c u l t i e s  in p a t i e n t s  with neurologic  dysfunc t ion .  Accurate 

perception  of prosody may p lay an equa l ly  important ro l e  in 

communication and soc ia l  i n t e r a c t i o n .  Head-injured p a t i e n t s  p resen t  

with a myriad of cogn i t ive  seque lae .  D i f f i c u l t i e s  in communicative 

s k i l l s ,  as p a r t  of these  sequelae could f u r t h e r  impede successfu l  soc ia l  

and occupat ional  r e i n t e g r a t i o n  pos t- trauma.

P a t i e n t s  en ro l led  in t h i s  s tudy were a l l  moderately or  severe ly  

in jured  head trauma v ic t im s .  They were evaluated  on a perceptua l  

a f f e c t i v e  in tona t ion  t a s k ,  a t a sk  re q u i r in g  the  production of 

in to n a t io n ,  an a f f e c t iv e  concept formation t a s k ,  and th e  Vineland Social  

Maturi ty Scale.  Selected t e s t s  from a s tandard  neuropsychological  

b a t t e r y  were a lso  admin is te red .  A group of p a t i e n t s '  r e l a t i v e s  and 

h o sp i ta l  employees served as a con tro l  group.

Results  of t h i s  study in d ic a te  t h a t  p a t i e n t s  were s i g n i f i c a n t l y  

poorer  than c o n t ro l s  in t h e i r  percept ion  and production of vocal 

in to n a t io n ,  but not in the  conceptual i d e n t i f i c a t i o n  of a f f e c t iv e  terms.  

Pathologic  and neuropsychologic measures in d ic a te  t h a t  brainstem



compression was a ssoc ia ted  with d e f i c i t s  in the  percept ion  of 

i n to n a t io n ,  while r i g h t  hemispheric a n t e r i o r  pathology was a ssoc ia ted  

with d i f f i c u l t i e s  in producing a f f e c t i v e  in to n a t io n .  Brainstem 

compression and the  presence of r i g h t  hemispheric pathology were 

a sso c ia ted  with lower scores  on the  Vineland Social  Maturi ty Scale,  

i n d ic a t in g  t h a t  p a t i e n t s  with bra instem compression and assoc ia ted  

perceptual in tona t iona l  d i f f i c u l t i e s  as p a r t  of t h e i r  c l u s t e r  of 

sequelae are  more l i k e l y  to  have d i f f i c u l t y  in so c ia l  and occupat ional  

adjustment post- trauma.

The p resen t  study has i d e n t i f i e d  d e f i c i t s  w ithin  the  percep t ion  and 

production of a f f e c t iv e  prosody in head trauma p a t i e n t s .  These f ind ings  

i l l u s t r a t e  the  need f o r  s tudying and quanti fy ing  suspected d i f f i c u l t i e s  

in o th e r  aspec ts  of perceptual and motor a f f e c t i v e  func t ions  and f o r  the  

development of an a f f e c t iv e  therapy f o r  head- in jured  p a t i e n t s  t h a t  will  

p a r a l l e l  o the r  forms of cogn i t ive  therapy.
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INTRODUCTION

I.  Development and Purpose of the  Present Study

The p resen t  study was developed as an e f f o r t  t o  examine and 

quan t i fy  an apparent d i f f i c u l t y  in perceiv ing  and producing vocal 

in tona t ion  in a s e r i e s  of moderately and severe ly  head in ju red  p a t i e n t s .  

These p a t i e n t s  have sus ta ined  i n j u r i e s  which leave them with a v a r i e ty  

of p e r s i s t e n t  cogn i t ive  and sensory-motor sequelae ,  p a r t i c u l a r l y  in the  

a reas  of memory, language, planning,  a b s t r a c t  reasoning and motor 

coord ina t ion  (Tabaddor, M at t i s ,  Zazula,  1984; J enne t t  and Teasdale ,  

1981; Levin and Grossman, 1978; Strub and Black, 1981). Although some 

surv ivors  of  trauma lose  in s ig h t  in to  the  ex ten t  of t h e i r  d i s a b i l i t y  and 

remain euphoric and c h i l d l i k e  or i n d i f f e r e n t ,  many p a t i e n t s  are  acu te ly  

aware of t h e i r  po s t - t rau m a t ic  d e f i c i t s  (Strub and Black, 1981). 

Understandably, they become anxious and depressed over t h e i r  i n a b i l i t y  

t o  cope with ta sks  t h a t  were a t  one t ime automatic and executed with 

f a c i l i t y .

Much has been w r i t t e n  regard ing  the  "pe r sona l i ty "  change t h a t  o f ten  

accompanies po s t - t rau m a t ic  symptomatology ( J e n n e t t  and Teasdale,  1981; 

Levin and Grossman, 1978; McKinley e t  a l ,  1981). These changes include 

i r r i t a b i l i t y ,  h y p e r s e n s i t i v i t y ,  l a b i l i t y  of  a f f e c t ,  blunted a f f e c t ,  

unexpected rage r e a c t i o n s ,  lack of empathy, lack of  d r ive  or i n i t i a t i v e ,  

s o c ia l  inapp rop r ia tenes s ,  soc ia l  withdrawal and depress ion .  The c l u s t e r  

and s e v e r i t y  of symptoms observed vary from p a t i e n t  to  p a t i e n t  depending 

on the  na ture  of the  pathology, however, whatever p a t t e r n  these  

c h a r ac te r  changes t ak e ,  they cause more s t r e s s ,  more misunderstanding 

and more a l i e n a t io n  of  family  and f r i e n d s  than do pure ly  phys ica l  or
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i s o l a t e d  cogn i t ive  sequelae (Oddy and Humphrey, 1978; Bond, 1975; Dikman 

and Rei tan ,  1977).

C l in ic a l  observat ions  of the  moderately and severe ly  head in ju red  

p a t i e n t s  admitted t o  Jacobi Hospital  within  the  p a s t  four  years  have 

confirmed re p o r t s  in the  l i t e r a t u r e  of some p e c u l i a r i t y  of  a f f e c t i v e  

response .  A p a r t i c u l a r  p a t t e rn  became d i s c e r n ib l e  in the  p a t i e n t s  t h a t  

I had eva lua ted .  The major c h a r a c t e r i s t i c  of t h i s  p a t t e rn  was socia l  

awkwardness. P a t i e n t s  of ten  appeared t e n t a t i v e  in t h e i r  dea l ings  with 

family  members and e s p e c i a l l y  in t h e i r  i n t e r a c t io n s  with ho sp i ta l  

personnel .  They did not r e a c t  ap p ro p r ia te ly  t o  s ig n a l s  of  approval or 

impatience or annoyance. A p a t i e n t  might smile ,  f o r  example, while a 

r e l a t i v e  i s  angry and im pa t ien t ly  rushing him or remain u n reac t ive  to  

s ig n a l s  of approval whether in f a c i a l  express ion or tone of vo ice .  The 

p a t i e n t s  gave the  appearance,  a t  t im es ,  of completely misperceiving the  

i n t e n t  of non-verbal s ig n a l s  communicated to  them. P a t i e n t s  who would 

come t o  our trauma c e n te r  to  informal ly  v i s i t  the  s t a f f  could l in g e r  fo r  

an inapprop r ia te  length  of t ime,  r e g a rd le s s  of how busy the  s t a f f  member 

was. The conclusion  of a co nversa t ion ,  f o r  example, which i s  g e n e ra l ly  

communicated through a g e s tu r e ,  a f a c i a l  express ion or a f i n a l i t y  in 

tone of voice was completely d is regarded  by some p a t i e n t s .  At t im es ,  

one could e a s i l y  m i s in t e r p r e t  the r e s u l t i n g  behavior as i n d i f f e r e n t ,  

in sen s t iv e  or inap p ro p r ia te .  A l t e r n a t iv e ly ,  p a t i e n t s  would sometimes 

appear confused, as i f  not knowing whether to  s tay  or  leave.  A p o s s ib le  

hypothesis  regard ing  t h i s  s o c i a l l y  awkward behavior i s  t h a t  p a t i e n t s  

were having d i f f i c u l t y  picking up on the  aud i to ry  or f a c i a l  cues t h a t  

are a p a r t  of nonverbal communication.



-3 -

In ad d i t io n ,  some p a t i e n t s  p resen t  with a p e c u l i a r i t y  of vocal 

express ion .  Their  tone of voice i s  p l a i n t i v e ,  t h e i r  vocal express ion 

seems con t r ived  or feigned or laughte r  sounds a r t i f i c i a l .  Others have 

speech with a monotonous, dragged out q u a l i t y  to  i t .  Volume i s  not 

always modulated ap p ro p r ia te ly  and in some p a t i e n t s  remains constan t  and 

hypophonic. P a t i e n t s  with t h i s  express ive  p a t t e rn  appear as though they 

a re  co n s ta n t ly  d i s i n t e r e s t e d  in events  or people around them and they 

appear depressed.  Families  have complained t h a t  these  p a t i e n t  

c h a r a c t e r i s t i c s  place  s t r e s s  on family  i n t e r a c t i o n  and hosp i ta l  s t a f f  

members were observed to  be le s s  p a t i e n t  and le ss  j o v i a l  and t a l k a t i v e  

to  p a t i e n t s  whose voice and general  demeanor were monotonous. These 

observa t ions  led to  the  hypothesis  t h a t  a combination of express ive  and 

re c ep t iv e  d i f f i c u l t i e s  in these  p a t i e n t s  makes them appear s t i l t e d ,  

uncomfortable and un f r ien d ly ,  lacking in th e  a l e r t n e s s  and smoothness 

necessary  f o r  e f f e c t i v e  soc ia l  i n t e r a c t i o n .  In ad d i t io n ,  the  described 

c h a r a c t e r i s t i c s  have been observed to  a l i e n a t e  persons dealing  with 

th e se  p a t i e n t s  on a d a i ly  b a s i s ,  t h a t  i s ,  both family  and hosp i ta l  

s t a f f .  C l in ica l  follow-up v i s i t s  t o  the  trauma c e n te r  a t  Jacobi 

Hospital  led to  the  observation  t h a t  moderately and seve re ly  head 

in ju red  p a t i e n t s  can p resen t  with these  behavioral  c h a r a c t e r i s t i c s  f o r  

as long as one year pos t- trauma, and in c e r t a i n  c a se s ,  even longer.

P i l o t  da ta  confirmed the  c l i n i c a l  impression t h a t  p a t i e n t s  were not 

u t i l i z i n g  the  non-verbal a f f e c t i v e  cues presented  to  them. When 

presented  with a t r i a d  of photographs of d i f f e r e n t  people and asked to  

choose the  two whose f a c i a l  express ions  conveyed s im i l a r  a f f e c t  or when 

asked to  f ind  the  f a c i a l  express ion in a s e r i e s  of  photographs t h a t



conveyed a p a r t i c u l a r  emotion,  p a t i e n t s  made an ino rd in a te  number of 

e r r o r s  as compared to  non head- in ju red  a d u l t s .  When presented  with a 

photograph of an express ive  face  and asked to  exp la in  what t h a t  person 

might be f e e l i n g ,  p a t i e n t s  again made an excessive  number of e r r o r s .  

P a t ien t  responses t o  a l l  t h r e e  t a sks  were recorded verbatum and examined 

to  determine whether a p a r t i c u l a r  p a t t e rn  of  e r r o r s  was d e te c ta b le .  The 

q u a l i t a t i v e  e r r o r s  observed across  a l l  these  t a sks  were d ivided in to  

th r e e  c a te g o r i e s  and they accounted f o r  a l l  e r r o r s  observed. Category 1 

e r r o r s  cons is ted  of confabu la to ry  responses  t h a t  had no bear ing on any 

d e t a i l  w ithin  the  s t im ulus .  Genera lly ,  p a t i e n t s  would make up a 

statement about the  face  in the  photograph whose emotional express ion 

they were requ ired  to  l a b e l .  The s ta tement was apparen t ly  const ruc ted  

in order to  provide a r a t i o n a l e  f o r  imposing a p a r t i c u l a r  emotion as an 

answer. Category 2 e r r o r s  cons is ted  o f  focusing on a no n -a f fec t iv e  

d e t a i l  with in  a photograph as an a id  in responding.  A n o n -a f fe c t iv e  

cue, f o r  example, would be a non-fac ia l  f e a tu r e  of the  person in the 

photograph, such as h a i r s t y l e ,  presence or absence of g l a s s e s ,  or 

focusing on an a r t i c l e  of c lo th in g .  This p a r t i c u l a r  d e t a i l  would then

become the  reason f o r  a p e r s o n 's  a f f e c t i v e  s t a t e  according to  the

p a t i e n t .  Category 3 e r r o r s  cons is ted  of a cont inua l  changing of 

responses .

Figure I provides  an example of each ca tegory  of e r r o r  made by

moderately and s eve re ly  head- in ju red  p a t i e n t s .  In c o n t r a s t  t o  the

examples of e r r o r s ,  Figure I a lso  por t rays  some of the  responses  made by 

a p a t i e n t  who sus ta ined  a mild head in ju r y .  She p resen ted  with none of 

th e  f e a tu re s  of soc ia l  awkwardness seen in the  more s eve re ly  in ju red
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p a t i e n t s .  The mild trauma p a t i e n t ' s  responses  throughout a l l  the  p i l o t  

t e s t s  were c h a rac te r ized  by cons tan t  appropr ia te  re fe rence  to  f a c i a l  

express ion and f a c i a l  f e a t u r e s .  There was no confabu la t ion  nor 

r e fe ren ce  to  no n -a f fec t iv e  cues in guiding her responses .  One 

hypothesis  derived from the  above data  i s  t h a t  some head trauma p a t i e n t s  

may have d i f f i c u l t y  in e x t r a c t in g  and u t i l i z i n g  the  information provided 

by f a c i a l  express ion .

On a ta sk  t h a t  requ ired  the  i d e n t i f i c a t i o n  of the  emotion in a 

sp ea k e r ' s  tone of vo ice ,  p a t i e n t s  made many more e r r o r s  than normals. 

S im i la r ly ,  p a t i e n t s '  verbal u t t e r a n ce s  werfe o f ten  judged by normals to  

be monotonous, lacking in prosodic  f e a t u r e s .  This p i l o t  d a ta  was 

obta ined by having p a t i e n t s  l i s t e n  to  record ings  of  the  same sentence 

with various  in tona t ions  and a lso by asking p a t i e n t s  to  produce a 

sen tence in a p a r t i c u l a r  emotional tone and tape record ing t h e i r  

responses .  Non head- in ju red  a d u l t s  used as r a t e r s  f r e q u e n t ly  labeled  

p a t i e n t s '  speech as " f l a t "  or " n e u t r a l " .  P a t i e n t s  had d i f f i c u l t y  in 

d isc r im in a t in g  such bas ic  in tona t ions  as anger ,  happiness  and anx ie ty .  

Preliminary  da ta  on the  percep t ion  and product ion of in tona t ion  

supported the  hypothesis t h a t  some moderately  and s eve re ly  head in ju red  

p a t i e n t s  have d i f f i c u l t y  in evoca t ive  emotional speech as well as in the  

pe rcept ion  of emot ionally  intoned speech.

The p i l o t  da ta  concerned with the  pe rcep t ion  and production of 

vocal in tona t ion  forms the  framework f o r  the  p re sen t  s tudy. The t e s t s  

u t i l i z e d  in t h i s  study were desiged to  quan t i fy  d i f f i c u l t y  in perceiv ing  

or  producing the  prosodic  elements of speech used to  convey a f f e c t i v e  

informat ion.  The p a r t i c u l a r  area  of  prosody was chosen f o r  study
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because d i s o rd e r s  were c l i n c a l l y  apparent in t h i s  head trauma 

p o p u la t io n .  Furthermore,  t h e r e  are  r e p o r t s  in the  l i t e r a t u r e  of

neuro log ica l  and developmental ly d isab led  popula t ions  who p re sen t  with 

prosodic  d i f f i c u l t y  and f o r  whom t h i s  d i so rd e r  i s  s i g n i f i c a n t l y  

d e b i l i t a t i n g  both s o c i a l l y  and o c cu p a t io n a l ly  (Wing, 1981; Weintraub and 

Mesulam, 1983; Bryan, 1977; Tucker,  Watson and Heilman, 1977; Ross and 

Mesulam, 1979; Ross, 1981) and th e se  w i l l  be d iscussed  in d e t a i l  l a t e r .

I I .  The Perception and Evocation of  Prosody

Monrad-Krohn (1963) d iv ides  o ra l  communication in to  the  th r e e  

elements o f  vocabulary,  grammar and prosody, where prosody encompasses 

v a r i a t i o n s  in p i t c h ,  rhythm, and s t r e s s  of p ronunc ia t ion .  The 

combination of  these  th r e e  f e a t u r e s  of  prosody allow f o r  the  express ion  

of  a v a r i e t y  o f  su b t l e  shades of  meaning and can a lso  s i g n i f i c a n t l y

modify the  meaning of  words or e n t i r e  sen tences .  Within these  prosodic  

components, v a r i a t i o n s  in p i tch  ( in to n a t io n )  are  th e  most impor tant f o r  

conveying meaning. In human speech, the  p r in c ip a l  c o r r e l a t e  of  p i tc h  i s  

the  fundamental ( lowest)  frequency of  the  p e r io d ic  sound and p i tc h  

corresponds to  the  frequency of  v i b r a t i o n  of the  vocal cords .

Var ia t ions  in fundamental frequency  dur ing  speech give r i s e  to  

in to n a t io n  (Fry ,  1968).  Monrad-Krohn (1963) f u r t h e r  r e f in e d  h is  

d e f i n i t i o n s  of  prosody in to  severa l  d i f f e r e n t  forms. I n s t r i n s i c  prosody 

i s  comprised of  the  s tandard  prosodic  p a t t e r n s  inhe ren t  in a language. 

This i s  exemplif ied  by th e  simple d e c l a r a t i v e  s ta tement  ending with a 

lowering of  p i t c h ,  f o r  example, and a simple ques t ion  ending with a 

d i s t i n c t  r i s e  o f  p i t c h .  Higher i n t e l l e c t u a l  (or p r o p o s i t i o n a l ) prosody 

i s  an ex tens ion  of  i n s t r i n s i c  prosody. I t  i s  acquired l a t e r  in
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development and allows one to  express  more su b t l e  shades of meaning. 

The meaning of a simple d e c l a r a t i v e  sta tement  such as "yes ,  he i s  

c lever"  can be changed in a v a r i e t y  of ways depending on the  placement 

of s t r e s s  and p i t c h .  Emotional prosody conveys emotional express ions  as 

the  placement of  s t r e s s  and p i tch  become more emphatic.  Anger, f o r  

example, can be d isp layed  by increased volume and lower p i tch  while joy  

may be expressed by loudness combined with higher p i t c h .  I n a r t i c u l a t e  

prosody, f i n a l l y ,  r e p re se n ts  sounds conveying v a r i a t i o n s  in p i t c h ,  

s t r e s s  and rhythm without  r e s o r t i n g  to  words. These sounds may also 

convey meaning e i t h e r  a f f e c t i v e  or n o n -a f fe c t iv e .

The prosodic  f a c u l ty  i s  t h e re fo re  necessary  in order to  adequate ly

convey p ropos i t iona l  and emotional con ten t  in vocal communication.

Since we r e a c t  to  o ther  human beings not only in repsonse to  t h e i r  ora l

express ion but in response t o  t h e i r  r e a c t io n s  to  our express ion ,  the

perception  of prosody i s  a lso  an extremely important f a c u l t y .

I I I .  Perception and Production of In tona t ion  and Their  Neurologic 
Corre la tes

Impairment in a f f e c t i v e  and no n -a f fec t iv e  prosody has been observed 

in p a t i e n t s  with r i g h t  hemispheric involvement due to  cerebrovascu la r  

acc ident  or glioma. Heilman, Scholes and Watson (1975) s tud ied  p a t i e n t s  

with r i g h t  tem poro-par ie ta l  dysfunction and noted t h a t  p a t i e n t s  had a

d e f i c i t  in the comprehension of a f f e c t i v e  speech, i . e . ,  they  made many

e r r o r s  (as compared to  p a t i e n t s  with l e f t  t em poro-pa r ie ta l  l e s io n s )  in

id e n t i fy in g  emotional mood when l i s t e n i n g  to  a f f e c t i v e l y  intoned 

sen tences .  Tucker,  Watson and Heilman (1977) r e p l i c a t e d  th e  above- 

mentioned study with CVA p a t i e n t s  alone and found t h a t  r i g h t  hemispheric 

p a t i e n t s  a d e f i c i t  in producing a f f e c t i v e l y  intoned speech as well as a



percep tua l  d e f i c i t .  (The con t ro l  groups in t h i s  study cons i s ted  of 

p a t i e n t s  with l e f t  CVA's and of non-aphasic h o sp i t a l i z e d  p a t i e n t s  with 

CVA's). Right-hemispheric CVA p a t i e n t s  performed more poor ly  on 

production of in tona t ion  than the  con tro l  p a t i e n t s  without hemispheric 

l e s i o n s .  The r i g h t  hemisphere CVA p a t i e n t s  in the  Tucker e t  al (1977) 

s tudy presented  with CT f ind ings  of le s ions  in the  d i s t r i b u t i o n  of the  

r i g h t  middle cerebra l  a r t e r y .  Ross and Mesulam (1979) repor ted  on two 

p a t i e n t s  with CVA's in the  r i g h t  hemisphere. Both su f fe red  losses  of 

prosody and emotional g e s tu r in g .  In fa rc t io n s  were in the  r i g h t  supra- 

Sylvian reg ion  (p o s te r io r  f r o n t a l  and p a r i e t a l  lobes) .  P a t ie n t s  

presented  with l a t e r a l i z i n g  neuro logic  signs  a f f e c t i n g  the  l e f t  s ide  of 

the  body and had both f a c i a l  and limb involvement.  In both p a t i e n t s ,  

express ive  speech was f l a t  and monotonous, lacking i n f l e c t i o n s  and

co lo r in g .  One of the  p a t i e n t s  l o s t  the  a b i l i t y  t o  c ry  or  laugh. She 

was unable to  express  emotion a t  her f a t h e r ' s  funera l  although she 

rep o r ted  t h a t  inwardly she f e l t  sadness and wanted to  c ry .  She was

f i n a l l y  able  t o  force  h e r s e l f  t o  c ry .  Her husband repor ted  t h a t  the  

sound was not convincing and qu i te  d i f f e r e n t  from her premorbid 

express ion .  Neither p a t i e n t  had aphas ic  symptomatology and the

percep t ion  of  o the r  p e o p le ' s  emotions v ia  in to n a t io n ,  f a c i a l  express ion 

or ges tu res  was not impaired according to  the p a t i e n t ' s  s e l f - r e p o r t .  

(This c l i n i c a l  r e p o r t  r a i s e d  the  po in t  t h a t  d is tu rbances  in the 

production of prosody can be d i s so c ia t e d  from the  comprehension of 

a f f e c t i v e  concepts and the  pe rcept ion  of a f f e c t  in o t h e r s ) .  In the

f i r s t  p a t i e n t ,  lack of prosody sev e re ly  impaired her communicative 

a b i l i t y  a t  home and a t  work and caused her g rea t  d i s t r e s s .  The second
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p a t i e n t  was described by h is  wife as having a changed p e r s o n a l i t y  which 

prompted him to  seek help .

Ross' subsequent study of p a t i e n t s  with r i g h t  hemispheric s t rokes

(1981) and the  in te g ra t io n  of  informat ion from s tu d ie s  mentioned above, 

led him to  propose t h a t  the  o rgan iza t ion  of prosody in the  r i g h t

hemisphere mir rors  the  o rgan iza t ion  o f  p ro p o s i t io n a l  language in the  

l e f t  hemisphere. Of p a r t i c u l a r  re levance  to  the  p resen t  study i s  his  

d i f f e r e n t i a t i o n  of motor and sensory aprosodia  in the  manner of motor 

(Broca 's )  and sensory (Wernicke's)  aphas ia .  Ross'  research  coupled with

the  work of Heilman e t  a l .  (1975) and Tucker e t  a l .  (1977) led him to

conclude t h a t  the  pe rcep t ion  of prosodic  f e a tu r e s  involves the  r i g h t  

tem poro-par ie ta l  area  while the  product ion of  prosody involves the  r i g h t  

supra-Sylv ian  p o s t e r io r  f r o n t a l  and p a r i e t a l  a reas .

The o rgan iza t ion  of express ive  prosody may involve the  basal

gangl ia  and premotor c o r tex .  Monrad-Krohn (1963) noted t h a t  dysprosody 

may occur with le s ions  of the  l e n t i c u l a r  nucleus because i t  was so o f ten  

encountered in p a t i e n t s  with Park inson 's  d i sea se  and a l l i e d  neuro logic  

d iso rde rs  a f f e c t in g  the  basal  gang l ia .  Ross and Mesulam (1979) repor ted  

t h a t  t h e i r  CVA p a t i e n t  who recovered prosodic  speech presented with an 

in f a r c t i o n  which spared most of the  basa l  gang l ia .  The CVA p a t i e n t  in 

whom prosody did not recover  had involvement of  the  r i g h t  basal  gang l ia .  

The basa l  gang l ia  has r i ch  connect ions to  the  premotor area  (Penf ie ld  

and Ja spe r ,  1954) and the  premotor area  i s  be l ieved  to  be involved in 

th e  smooth execut ion of s e r i a l l y  organized movements (Lur ia ,  1970): 

With dysfunction of the  premotor cor tex  an impairment of any dynamic 

f i n e - s k i l l e d  movements can occur ,  t h i s  includes  o cu la r  movement, manual
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movement or express ive  speech. Recent reg ional cerebra l  blood flow 

s tu d ie s  have demonstrated an a c t i v a t io n  of b i l a t e r a l  supplementary motor 

a reas  with speech and with o the r  complex movements (Larsen, Skinhoj,  

Lassen, 1978; Gelmers, in p r e s s ) ,  s t reng then ing  the hypothesi s  t h a t  

th e se  areas  are  involved in the  o rgan iza t ion  and/or execution of 

sequences of motor a c t i v i t y .  A c l i n i c a l  f ind ing  supporting t h i s  view is  

Gelmer 's (1983) r e p o r t  of a p a t i e n t  who had s ig n f i c a n t  d i f f i c u l t y  in 

speech i n i t i a t i o n  and h a l t i n g  speech with an i n f a r c t  in the  r i g h t  medial 

f r o n t a l  co r tex .  Marsden (1982),  fo llowing an ex tens ive  review of the  

l i t e r a t u r e  on Parkinsonian movement d i s o rd e r s ,  concluded t h a t  the  basal  

gangl ia  i s  not involved in i n i t i a t i o n  of movement per se but in the  

ca r ry in g  out of  "motor p lans" .  A "motor p lan"  i s  the  concept of an 

ac t io n  - f o r  example, w r i t in g  one 's  name in chalk on a blackboard 

r e q u i r e s  d i f f e r e n t  movements and d i f f e r e n t  s e t s  of muscles from signing 

one 's  name on paper with a pen, y e t  the  s igna tu re  i s  b a s i c a l l y  the  same. 

Motor plans  are  learned a c t i v i t i e s  and are  executed au tom at ica l ly .  They 

are  comprised of h i e r a r c h i c a l l y  lower simple motor programs. Marsden

(1982) suggests  t h a t  the  basal  gang l ia  i s  r e spons ib le  f o r  running 

sequences of motor programs to  complete a motor p lan .  Marsden reached 

t h i s  conclusion from evidence t h a t  p a t i e n t s  with Parkinsonism show an 

inc rease  in the  time taken to  execute  a movement but show no abnormality  

in the  p a t t e rn  and t iming of motor a c t i v i t y  in ag o n is t ,  a n tag o n i s t  and 

sy n e r g i s t  muscles.  Also,  while components of a simple motor program are 

preserved  in Park inson 's  p a t i e n t s ,  the  execution of a complete motor 

plan breaks down. A p a t i e n t  who needs to  stand up and g re e t  someone 

would ge t up, f o r  example, but as he would extend a hand in welcome,
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could not s u s t a in  th e  f i r s t  motor a c t  (s tanding up, pos tu ra l  balance) 

and f a l l  back in to  the  c h a i r .  In at tempt ing t o  stand up again,  the  hand 

extended in g ree t ing  might f a l l  back, so t h a t  on the  whole, the  complete 

intended motor r e p e r t o i r e  i s  not su cc e s s fu l ly  completed. This c l i n i c a l  

d e sc r ip t i o n  of Park inson 's  p a t i e n t s  i s  analogous to  d e sc r ip t i o n s  of the  

production of prosody in head trauma p a t i e n t s  made by some of the 

r a t e r s .  That i s ,  many r a t e r s  commented t h a t  p a t i e n t s  would, a t  t imes,  

begin a sentence with a d i s t i n c t  in to n a t io n a l  p a t t e r n ,  but could not 

s u s ta in  i t  and lapsed in to  monotonous speech mid-sentence or towards the  

end. I t  i s  not inconceivable  t h a t  traumat ic  in ju r y  to  the  basal  gang l ia

in head trauma p a t i e n t s  could account f o r  t h i s  c l i n i c a l  s i m i l a r i t y .

Levin e t  al (1983) rep o r ted  mutism in moderately and severe ly  head-

in ju red  p a t i e n t s  with basal  gang l ia  in ju ry  and minimal observable  

c o r t i c a l  involvement.  During recovery ,  speech was described as

"nonaphasic" and d y s a r th r i a  was observed in two p a t i e n t s ,  however, no

d iscuss ion  of  prosodic  f e a tu r e s  was presented  in the paper.  Damasio e t  

al (1982), however, descr ibed  r i g h t - s i d e d  le s ions  of  the  basal  gang l ia  

as producing d y s a r th r i c  and dysprosodic speech, without  aphas ia .  The 

r i g h t  basa l  gang l ia  may p a r t i c i p a t e  in t h e  "motor plans"  of speech,

p a r t i c u l a r l y  the  prosodic  components. According to  the  models proposed 

by Marsden (1982),  i f  in to n a t io n a l  f e a tu re s  are  learned and s to red  as 

motor programs, the  basal  gang l ia  may be re spons ib le  fo r  insur ing  t h a t  

they  are  l inked to g e th e r  to  execute a "motor plan" c o n s i s t in g  of an 

intended in to n a t io n a l  v e r b a l i z a t i o n .

Marsden (1982) does not propose a s p e c i f i c  mechanism f o r  the

a c t i v i t y  of  the  basal  gang l ia .  Penney and Young (1983) suggest  t h a t
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feedback c i r c u i t s  e x i s t  between the  premotor area  and the  s t r i a tu m .  

Dopaminergic neurons are  believed  to  play an in h ib i to r y  ro l e  in t h i s  

c i r c u i t .  With the dep le t ion  of dopamine in Parkinsonism the c i r c u i t  i s  

o v e ra c t iv a te d ,  leading to  the  motor d i so rde rs  observed. A model of 

dopaminergic i n s u f f i c i e n c y  i s  a p p l icab le  t o  head trauma p a t i e n t s .  

Studies of neu ro t ransm i t te r  abnormal i t ies  fol lowing head in ju r y  suggest  

t h a t  mechanical in ju ry  to  neurons r e s u l t s  in a ru p tu re  of c e l l s  with 

abnormal leakage of t r a n s m i t t e r s  out of the  damaged neurons.  Elevated 

leve l s  of f i v e  dopamine and dopamine m e tabo l i te s  (among o the rs )  have 

been observed in severe ly  in ju red  p a t i e n t s  and in d ic a te  rup tu re  of 

dopaminergic c e l l s .  Furthermore, low lev e l s  of  DOPAC r e l a t i v e  t o  f r e e  

dopamine have a lso  been observed. This suggests depressed func t ion ing  

in damaged dopaminergic neurons (Zazula e t  a l . ,  in p rep) .  Functions 

dependent on dopaminergic systems should t h e r e fo re  be d is rup ted  

fol lowing s ig n f ic a n t  trauma.

The i n a b i l i t y  t o  su s ta in  an in to n a t io n a l  p a t t e r n  in head trauma 

p a t i e n t s  was described e a r l i e r  as an analogue to  the  fad ing out of 

movement p a t t e rn s  in Park inson 's  p a t i e n t s .  Other c l i n i c a l  s i m i l a r i t i e s ,  

s p e c i f i c a l l y  in speech, are  ev iden t  between the  two types o f  p a t i e n t s .  

Scot t  and Caird (1983) have descr ibed  Parkinsonian speech as monotonous, 

increased in p i t c h ,  varying in p i t c h ,  and reduced in voice i n t e n s i t y  

with an abnormal r a t e  o f  product ion .  This d e sc r ip t i o n  i s  remarkably 

s im i l a r  t o  the  speech observed in many modera te-severe  p a t i e n t s  

fo llowing head trauma. An emergent hypothesis  based on a l l  of  the  above 

d e sc r ip t i o n s  and f ind ings  i s  t h a t  the  d iso rde rs  of  prosody observed in 

head trauma p a t i e n t s  may be r e l a t e d  t o  a d i s ru p t io n  of the  c i r c u i t r y  

involving the  ( r i g h t )  basal  gang l ia  and f r o n t a l  premotor co r tex .
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To the  e x ten t  t h a t  percep t ion  of in tona t ion  involves the  an a ly s i s  

of an aud i to ry  inpu t ,  the  neural  r e p re se n ta t io n  of  such an aud i to ry  

message involves the  bra instem. Fibers  from the cochlea te rm ina te  in 

the  cochlear  nucleus in the  medulla.  The m a jo r i ty  of th e se  f i b e r s  

decussate  here ad proceed to  the  medial g en icu la te  body and then via  

aud i to ry  r a d i t i o n s  reach the  aud i to ry  cor tex  (C r i t ch ley  and Henson, 

1977).  Lesions of the  bra instem are  known to  d i s ru p t  aud i to ry  

p rocess ing :  f o r  example, when incomplete information i s  presented  to

each e a r ,  a fus ion  of the  informat ion,  f i r s t  a t  the  brainstem level  and 

then a t  h igher  l e v e l s ,  renders  the  message in more complete form 

c o r t i c a l l y .  Brainstem le s io n s  i n t e r f e r e  with t h i s  fus ion e f f e c t  

(Bergman, Hirsch,  Najenson, 1977).  Pa l lay ,  e t  al (1984) s tud ied  

p a t i e n t s  with compression from e x t r a - a x i a l  tumors of the  p o s t e r io r  

f o s sa .  They r e p o r t  t h a t  braintem compression a f f e c t s  the  r a t e  of 

acous t ic  informat ion p rocess ing .  D e f i c i t s  were observed in t e s t s  of 

t ime compressed speech. These f ind ings  are  in agreement with r e p o r t s  

t h a t  le s ions  of the  c en t r a l  aud i to ry  nervous sytem a f f e c t  percep t ion  f o r  

speech which i s  e i t h e r  d i s to re d  in some way or presented  in competing 

arrangements to  the  two e a r s .  The concept i s  t h a t  these  l e s io n s  d i s ru p t  

the  i n t e g r a t i v e  func t ion  of the  b ra in  and are l e s s  d i s r u p t iv e  in th e  

pe r iphe ra l  organ of hear ing or  to  language func t ions  such as 

symbolizat ion or  memorization. Other aud i to ry  s tu d ie s  of  p a t i e n t s  with 

gliomas compressing bra instem regions  r e p o r t  a reduc t ion  in speech 

d i s c r im ina t ion  f o r  very in tense  speech ( i . e . ,  when the  speech i n t e n s i t y  

level  i s  r a i s ed )  and f o r  speech which i s  degraded by background 

compet it ion.  No hear ing loss  per s e ,  t h a t  i s ,  no abnormal response t o  

pure tone s t im u la t io n  was oberved in these  p a t i e n t s  (Dirks ,  1978).
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L i t e r a tu r e  on acous t ic  information process ing in d ica te s  t h a t  the  

medial gen icu la te  bodies may be p a r t i c u l a r l y  important in judging the  

timing of the  a r r i v a l  of the  aud i to ry  st imulus (Barr,  1972). The 

r e t i c u l a r  a c t i v a t in g  system i s  important in acous t ic  process ing in t h a t  

i t  i s  the  neurologic  a l e r t i n g  system which s e n s i t i z e s  c o r t i c a l  areas  to 

respond to  s ig n f ic a n t  s t im u l i  (Barr ,  1972). Raised ICP and bra instem 

compression produce dysfunction in the, r e t i c u l a r  a c t i v a t in g  system 

(Jen n e t t  and Teasdale ,  1981) and d i s t o r t  tha lamic  f i b e r s  (Tomlinson, 

1970) impeding process ing a t  both these  l e v e l s .

Although the  c l a s s i f i c a t i o n  of aud i to ry  c h a r a c t e r i s t i c s  t h a t  

d i f f e r e n t i a t e  a f f e c t iv e  from n o n -a f fec t iv e  speech i s  a major study in 

and of  i t s e l f ,  c e r t a in  components of a f f e c t i v e  speech can be immediately 

recognized.  For example, angry speech may very o f ten  be louder whereas 

nervous speech may be higher in p i tch  and qu icker  in tempo. 

D i f f i c u l t i e s  in the  pe rcept ion  of temporal p a t t e r n s  and higher amplitude 

w i l l  i n t e r f e r e  with the  i n t e r p r e t a t i o n  of such aud i to ry  p a t t e r n s .  This 

type of percept ion  re q u i re s  e x t r a c t i n g  informat ion at  a level d i f f e r e n t  

from the  semantic con ten t  of a s ta tem ent .  To the  e x te n t  t h a t  

f l u c t u a t i o n s  in tempo and amplitude unde r l ie  the  express ion of  d i f f e r e n t  

emotional s t a t e s ,  p a t i e n t s  with brainstem compression may be handicapped 

in t h e i r  perception  of such informat ion.

In summary, th e re  i s  evidence t h a t  the  r i g h t  hemisphere i s  involved 

in the perception  and production of prosodic  f e a t u r e s .  Furthermore,  

s p e c i f i c  areas  within the  hemisphere may be involved: p o s t e r io r  areas

are  implicated in percept ion  and a n t e r io r  ( f r o n t a l )  and s u b co r t ic a l  

(basal  ganglia) areas  have been assoc ia ted  with the  production of



-1 5 -

prosodic  f e a t u r e s .  F in a l ly ,  d i s ru p t io n  of brainstem pathways may also 

i n t e r f e r e  with the  process ing of the  acous t ic  in to n a t io n a l  speech.

Spec if ic  s tu d ie s  of  prosody in b ra in  damaged popula t ions  have 

focused p r im ar i ly  on s t roke  and tumor p a t i e n t s .  The study of  these  

problems in a head trauma popula tion  i s  of i n t e r e s t  because head trauma 

produces cerebra l  damage t h a t  i s  d i f f u s e ly  d i s t r i b u t e d  throughout the 

white m a t te r ,  f r eq u e n t ly  involves both hemispheres and i s  r a r e l y ,  i f  

eve r ,  as s p e c i f i c  as t h a t  which may be observed with s t roke  or tumor 

p a t i e n t s .  At the  same time,  many trauma p a t i e n t s  p resen t  c l i n i c a l l y  

with the  same d e f i c i t s  and behavioral  c h a r a c t e r i s t i c s  as the  r i g h t  

hemisphere s t roke  or tumor.

IV. General Behavioral and Affec t ive  Ef fec ts  of Head Trauma

Head in ju ry  r e s u l t s  in a v a r i e t y  of cogn i t ive  and a f f e c t iv e  

sequelae .  A d iscuss ion  of these  w i l l  serve to  i l l u s t r a t e  the  complexity 

of p o s t - t raum at ic  symptoms. The i n t e r a c t io n  of these  var ied  sequelae 

with the  observed communicative d e f i c i t s  in a f f e c t i v e  prosody can make 

so c ia l  r e - a d ap ta t io n  f o r  the  trauma p a t i e n t  extremely d i f f i c u l t .  This 

i s  p a r t i c u l a r l y  t r u e  where sequelae  include a f f e c t i v e  d i s o r d e r s .  

Heilman and Valenstein (1979) r e p o r t  t h a t  while people dealing  with the  

b ra in - in j u r e d  r e a d i l y  a t t r i b u t e  motor or sensory  d e f i c i t s  to  

neurologica l  dysfunc t ion ,  they tend to  a sc r ibe  emotional d i so rd e r s  to  

in t e rp e r s o n a l ,  in t r ape rsona l  and/or environmental c o n f l i c t s .  Agi ta t ion  

and depress ion in hemipare t ic  p a t i e n t s  with r i g h t  hemisphere 

involvement, f o r  example, was in t e r p r e t e d  by spouses as a breakdown in 

in te rpe rsona l  r e l a t i o n s .  The a f f e c t i v e  component of the  p a t i e n t s '  

d i s a b i l i t i e s  con t r ibu ted  most s t ro n g ly  t o  s t r e s s  and misunderstanding 

within  the  family .
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The p a t i e n t  who has had a moderate to  severe head in ju r y  emerges 

from coma in to  a d i s o r i e n t e d ,  confused s t a t e .  In the  e a r l y  phases of 

recovery,  p a t i e n t s  remain sleepy and i n d i f f e r e n t  with f l u c tu a t in g  

a t t e n t i o n a l  processes  and f requen t  mood changes without obvious reason .  

When s t r e s s e d ,  the  p a t i e n t  can pass over in to  somnolence, d e l i r i o u s  

s t a t e s  or coma. This s t a t e  corresponds to  B l e u l e r ' s  (1951) "clouding of 

consciousness" .

As the  p a t i e n t  cont inues  to  recover ,  and becomes more a t t e n t i v e  and 

lu c id ,  memory d e f i c i t s  become n o t i c e a b le .  In a d d i t io n ,  the  whole 

p e r s o n a l i t y  appears t o  be a f f e c t e d .  The p a t i e n t  f r eq u en t ly  p resen ts  

with i l l o g i c a l  t r a i n s  of thought,  impoverishment of ideas in arguing a 

po in t  with vague and genera l ized  concepts ,  and an abnormal in f luence  of  

mood and impulse on i n t e l l e c t .  P a t i e n t s  may grasp only one d e t a i l  or 

aspect of a s i t u a t i o n  neg lec t ing  o th e r  r e l e v a n t  f e a t u r e s .  There i s

f r eq u e n t ly  a tendency towards con fabu la t ion ,  p e r s e r v e r a t i o n ,  increased  

f a t i g a b i l i t y  and l a b i l e  em o t iona l i ty .  Emotional responsiveness  can a lso  

become r e s t r i c t e d ,  p r im ar i ly  because s i t u a t i o n s  are  not always r e a d i l y  

unders tood. General apathy i s  f r e q u e n t ly  repor ted  as w e l l .  Bleuler  

(1951) c a l l ed  t h i s  c o n s t e l l a t i o n  of behavioral  f e a tu r e s  th e  "amnestic 

syndrome". At t h i s  po in t  in recovery ,  l i t t l e  i s  expected o f  the  p a t i e n t  

s o c i a l l y ,  and the  primary focus i s  on physica l  recovery .  However, once 

the  p a t i e n t  i s  d ischarged ,  neuropsychological  s eque l lae  and p e r s o n a l i t y  

t r a i t s  become more important because they a f f e c t  so c ia l  and occupationa l 

i n t e g r a t i o n .

Goldstein  (1952) v i v i d l y  descr ibed  how the sequelae of b ra in  in ju r y  

can a f f e c t  a p a t i e n t ' s  emotional r e a c t i o n s .  He sugges ts  t h a t  the  b r a i n ­
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damaged indiv idua l  has an "impairment of  a b s t r a c t  a t t i t u d e " .  Goldstein 

de f ines  the  l a t t e r  as loss  of the  a b i l i t y  to  take i n i t i a t i v e ,  i n a b i l i t y  

to  s h i f t  mental s e t  or t o  make a cho ice ,  i n a b i l i t y  to  account f o r  one 's  

a c t i o n s ,  i n a b i l i t y  to  process  s imultaneously  various aspec ts  o f  a 

s i t u a t i o n ,  lo ss  of part -whole  r e l a t i o n s h i p s  or i n a b i l i t y  to  grasp the  

essence  of  a whole, and i n a b i l i t y  t o  plan ahead id e a t io n a l l y .  These 

p a t i e n t s  are  f r eq u e n t ly  in danger of being in a c a ta s t ro p h ic  condit ion 

s ince  they have a cons tan t  d i f f i c u l t y  in performing a v a r i e t y  of t a sk s .  

Goldstein g ives ,  as an example, a p a t i e n t  who appears dazed, a g i t a t e d ,  

s t a r t s  to  fumble, becomes u n f r iend ly ,  evas ive or aggresive when he is  

not able  to  perform a t a s k .  Secondly,  such p a t i e n t s  may appear e i t h e r  

emotionally  du l l  o r  ove rexc i ted .  Goldstein p o s tu la t e s  th a t  

inapp rop r ia te  emotional r e a c t io n s  in b ra in  in ju red  ind iv idua ls  are  the  

r e s u l t  of an i n a b i l i t y  to  grasp a s i t u a t i o n  in an in teg ra ted  manner. 

P a t i e n t s  may grasp only one aspect and r e a c t  t o  t h a t  alone.

These a f f e c t s  of b ra in  damage on the  p e r s o n a l i t y  i l l u s t r a t e  the  

p o t e n t i a l  so c ia l  problems of  a n e u ro lo g ic a l ly  impaired ind iv idua l  s ince  

i n t e r a c t i o n s  with o thers  are  c e r t a i n l y  a f fec ted  by c a ta s t ro p h ic  

r e a c t io n s  or  inappropr ia te  behavior .

The behaviora l  sequalae  of  closed head in ju r y  and t h e i r  r e l a t i o n  to  

s e v e r i t y  of in ju ry  have been s tud ied  in 70 p a t i e n t s  who had sus ta ined  

b lun t  trauma to  the  head (predominantly motor vehic le  acc iden ts )  by 

Levin and Grossman (1978).  P a t i e n t s  were div ided in to  th re e  grades of 

s e v e r i t y  based on the  dura t ion  of coma and the  presence or absence of  

neurologic  d e f i c i t s .  Grade 1 p a t i e n t s  (mild) were concious on admission 

and throughout the  h osp i ta l  s tay  and presented  with no neuro logic
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d e f i c i t s .  Grade 2 p a t i e n t s  (moderate) were comatose f o r  24 hours or 

l e s s  and may have had neuro logic  d e f i c i t s .  Grade 3 p a t i e n t s  (severe ) 

were in coma f o r  over 24 hours and may have a lso  manifested neuro log ica l  

s igns .  P a t i e n t s  were r a te d  only a f t e r  the  phases of acute confusion and 

d i s o r i e n t a t i o n  had subsided or had a t  l e a s t  reached a s t a b l e  level  

without f u r t h e r  s igns  of improvement. To control  f o r  the  p o s s i b i l i t y  

t h a t  dura t ion  of convalescence would a f f e c t  the  degree of re s id u a l  

p s y ch ic a t r i c  d i s tu rb an ce ,  behavioral  r a t i n g s  were ad justed  fo r  v a r i a t i o n  

in the  i n j u r y - t o - t e s t  i n t e rv a l  in an ana lys is  of  covar iance .  Behavioral 

r a t in g s  were c a r r i e d  out v ia  the  Brie f  P sy ch ia t r i c  Rating Scale (BPRS) 

of Overall and Gorham (1962).  This i s  a p r a c t i c a l  and r e l i a b l e  t e s t  of 

18 behavioral  sca le s  each of which i s  ra ted  by the  examiner on a sca le  

ranging from 1 (no observable  symptom) to  7 (most severe m an ifes ta t ion  

of symptom). In add i t ion  to  indiv idua l  scores fo r  each symptom, a t o t a l  

score (sum of a l l  ind iv idua l  scores) can be obta ined and u t i l i z e d  as a 

global index of  psychopathology. BPRS r a t in g s  in the  sample of p a t i e n t s  

s tudied  in t h i s  sample were based on a semi s t ru c tu re d  c l i n i c a l  in te rv iew 

with the  p a t i e n t ,  unobtrus ive  behavioral  observat ions  and the  p a t i e n t ' s  

behavior during neuropsychological  t e s t i n g .  The th re e  grades of 

s e v e r i t y  did not d i f f e r  from each o the r  in terms of the  p a t i e n t s '  mean 

educational l e v e l .  The mean ages f o r  the  th re e  s e v e r i t y  l ev e l s  did 

d i f f e r ,  however, i t  was f e l t  t h a t  t h i s  did not i n v a l id a te  f u r t h e r  

comparisons s ince  the  behaviors  s tud ied  are  not known to  vary with in  the  

age ranges observed in t h i s  study.

Maximal d i f f e r e n t i a t i o n  of the  th re e  grades of in ju ry  emerged along 

the  s ca le s  measuring emotional withdrawal ( i . e . ,  i s o l a t i o n  and lack of
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spontaneous i n t e r a c t i o n ) ,  conceptual d i s o rg a n iz a t io n  (d isconnected 

thought  p ro c e s s e s ) ,  motor r e t a r d a t i o n  (slowed movements and speech),  

unusual thought c o n te n t ,  b lun ted  a f f e c t ,  excitement ( inc reased  

r e a c t i v i t y ,  a g i t a t i o n )  and d i s o r i e n t a t i o n  (confus ion ,  d i s o r i e n t a t i o n  f o r  

person ,  p la c e ,  t im e ) .  Severely in ju red  p a t i e n t s  s i g n i f i c a n t l y  d i f f e r e d  

from mild p a t i e n t s  on a l l  o f  th e se  s c a l e s .  Both b lunted a f f e c t  and 

exci tement were d i f f e r e n t i a t i n g  f a c t o r s  seen in s eve re ly  in ju red  

p a t i e n t s  sugges ting t h t  th e re  was cons ide rab le  v a r i a t i o n  in the  form of 

a f f e c t i v e  d i s tu rbance  seen a f t e r  c losed  head in ju r y .  Moderately in ju red  

p a t i e n t s  e x h ib i te d  the  above mentioned behavio ral  p a t t e r n s  to  a l e s s e r  

ex ten t  than severe  p a t i e n t s  but to  a g r e a t e r  ex ten t  than mild p a t i e n t s .  

P a t i e n t s  with moderate i n j u r i e s  were noted to  be p a r t i c u l a r l y  

uncooperative  and e x h ib i ted  the  g r e a t e s t  r e s i s t a n c e  towards the  

examiner:  of a l l  t h r e e  groups,  moderate p a t i e n t s  e x h ib i te d  the  h ighes t

scores  on the  BPRS s c a le s  of  Tension, H o s t i l i t y  and Uncooperativeness .  

Mildly in ju red  p a t i e n t s  e x h ib i te d  no s i g n i f i c a n t  s igns  of  behavioral  

d i s tu rbance  o th e r  than a x ie ty  and somatic concern.

Within the  group of  sev e re ly  in ju red  p a t i e n t s ,  a subgroup of 

i n j u r i e s  involv ing th e  mesencephalic b ra in  stem (6 p a t i e n t s )  were 

compared with the  o th e r  (15) severe  p a t i e n t s .  Evidence of l e s s  anx ie ty  

and depress ion  in the  b ra in  stem p a t i e n t s  was observed. There was a lso  

a mild t rend  towards g r e a t e r  th in k in g  d is tu rbance  in th e se  p a t i e n t s  but 

i t  f a i l e d  t o  reach s t a t i s t i c a l  s i g n i f i c a n c e .  ("Thinking d is tu rbance"  

was der ived  as a composite of  the  BPRS s c a l e s  of  Conceptual 

D iso rgan iza t ion ,  Hal luc ina t ion  and Unusual Thought Conent).



Examining cases in terms of c o r r e l a t i o n  between BPRS p a t t e r n s  and 

s i t e  of r e l a t i v e l y  g r e a t e s t  in ju ry  revealed no s i g n i f i c a n t  d i f f e r en ces  

across  hemispheres or within temporal,  o r b i t o f r o n t a l  or fronto-tempora l 

regions  as major s i t e s  of  in ju r y .

Hemispheric in ju ry  was in fe r r ed  from the presence o f  a hemipares is ,  

u n i l a t e r a l  hematoma, u n i l a t e r a l  depressed sku l l  f r a c t u r e  or contusion 

found on CT or  a r te r iog raphy .  Focal in ju ry  in the  temporal,  

o r b i t o f r o n t a l  or frontotemporal reg ions  was again in fe r r ed  on the  bas is  

of CT, a r te r iog raphy ,  o r  su rg ica l  f ind ings  in p a t i e n t s  with depressed 

sku l l  f r a c tu r e  or hematoma. The lack of c o r r e l a t i o n  of behavior (as 

assessed by the  BPRS) with any observable  lo ca l ized  s i t e  of in ju ry  

r e f l e c t s  the  genera l ly  d i f f u s e  e f f e c t s  of closed head in ju ry .  Levin and 

Grossman (1978) are  aware of t h i s  d i f f u s e  p a t t e rn  of pathology and in 

f a c t  s t a t e  t h a t  one could not presume t h a t  any p a t i e n t  with closed 

in ju r y  sus ta ined  damage to only a s in g le  cerebra l  a rea .  Their 

examination of f r o n t a l  and temporal pathology was c a r r i e d  ou t  only 

because of the  p a r t i c u l a r  v u l v e r a b i l i t y  of these  areas  to  in ju ry  and 

because of t h e i r  well-documented r o l e  in p s y c h ia t r i c  d i so rd e r s .

Pa t te rn s  of  p e r s o n a l i t y  changes observed in foca l  b ra in  pathology 

have gen e ra l ly  been ex t rac ted  from s tu d ie s  of p e n e t r a t in g  head i n j u r i e s  

s ince ,  as mentioned above, damage in c losed i n j u r i e s  i s  too widespread 

to  r e l i a b l y  claim in ju ry  a t  an exc lus ive  s i t e .  Even with p e n e t r a t in g  

i n j u r i e s ,  edema and r e s u l t i n g  c i r c u l a t o r y  d is tu rbances  u su a l ly  a f f e c t  

a reas  beyond th e  immediately a f f e c t ed  t i s s u e  (although t o  a much l e s s e r  

ex ten t  than in c losed i n j u r i e s ) .
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Nevertheless ,  s tu d ie s  of foca l  pathology have provided some in s ig h t  

in to  the  o rgan iza t ion  of a f f e c t i v e  processes  in the  b ra in .  The e f f e c t s  

of  both f r o n ta l  lobe pathology and temporal lobe involvement w i l l  be 

considered .

Frontal  lobe i n j u r i e s  produce marked p e r s o n a l i t y  changes which have 

been widely documented. They have been a ssoc ia ted  with a s i g n i f i c a n t  

excess of p s y c h ia t r i c  d i s tu rbance .  The symptoms observed are remarkably 

in v a r i a n t  and cut across  d i f f e r e n c e s  in premorbid p e r s o n a l i t y .  

Generally  the  p a t i e n t  e x h ib i t s  a lack o f  f o r e s i g h t ,  t a c t  and concern,  

i n a b i l i t y  to  judge the  consequences of  ac t ions  o r  t o  plan ahead and 

f r eq u e n t ly  assumes a euphoric d i s p o s i t i o n .  D is in h ib i t io n  i s  a common 

f e a tu re  and behavior can become s o c i a l l y  inapp rop r ia te  to  the  po in t  of 

becoming qu i te  d i sab l ing  with ex tens ive  l e s i o n s .  With b i l a t e r a l  

o r b i t o f r o n t a l  le s ions  the  above c h a r a c t e r i s t i c s  are  e s p e c i a l l y  severe  

with i r r e s p o n s ib le  and a n t i s o c i a l  conduct f r e q u e n t ly  observed (Lishman,

1973). Lishman (1973) r e p o r t s  t h a t  o r b i t a l  p a r t s  of  the  f r o n t a l  lobes 

when in ju red  are  re spons ib le  mainly f o r  the  emotional changes ( i . e . ,  

changes of mood and a t t i t u d e  -  euphor ia ,  f a c e t io u s n e s s ,  i r r i t a b i l i t y ,  

apathy, a t t e n t io n a l  d e f e c t s ) .  O rb i to f ro n ta l  p a t i e n t s  f r eq u e n t ly  f a i l  to 

maintain  s a t i s f a c t o r y  r e l a t i o n s h i p s  with o t h e r s ,  lack perserverance ,  and 

tend to  be aggress ive  and demanding. Increased l ib id o  i s  observed in 

these  p a t i e n t s  and c r i m i n a l i t y  i s  not uncommon.

Nauta (1971) has p o s tu la ted  t h a t  the  in ap p ro p r ia te  behavior of the  

f r o n t a l  lobe p a t i e n t  i s  due to  poor i n t e g r a t i o n  of  v i s c e ra l  hypothalamic 

responses  with information from the  environment provided v ia  m u l t ip le  

c o r t i c a l  channels .  The in t e g r a t io n  of  e x te rna l  and in te rn a l  information
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occurs in the  f r o n t a l  lobes according t o  Nauta, and t h i s  in t e g ra t io n  

r e s u l t s  in a f f e c t i v e  guides to  behavior .  I t  allows one to  plan o n e ' s  

responses so t h a t  the  outcome of an ac t ion  i s  a s o c i a l l y  acceptable  one. 

The indiv idual who has normal neuronal func t ion ing  always u t i l i z e s  these  

" a f f e c t i v e  re fe ren ce  p o in t s "  as Nauta c a l l s  them. The indiv idua l  with 

f r o n t a l  l e s io n s  or any d i s ru p t io n  of f ron ta l -hypotha lam ic  c i r c u i t r y  

loses  h is  grasp on f i n e l y  tuning h is  behavior .  With f r o n t a l  or midl ine  

f i b e r  damage in trauma, a p a t i e n t  could,  h y p o th e t i c a l l y  m is in t e r p r e t  

vocal in to n a t io n ,  due to  e i t h e r  an inadequate v i s ce ra l  r e ac t io n  to  the  

st imulus a t  the  hypothalamic level  or inadequate r ecep t ion  of the  

st imulus  a t  th e  aud i to ry  l e v e l ,  or inadequate i n t e g r a t i o n  in the  f r o n t a l  

lobes of the  aud i to ry  input with i t s  v i s c e ra l  connota t ion .

Recent s tu d ie s  are  confirming hypotheses regard ing  the  importance 

of  the  f r o n t a l  lobes in a f f e c t i v e  func t ion ing .  Regional ce reb ra l  blood 

flow s tu d ie s  in  schizophrenics  have shown reduced CBF in the  f r o n t a l  

gray mat te r  as compared to  normals (Ariel  e t  a l ,  1983).  A study 

comparing l e f t  versus r i g h t  f r o n t a l  le s ion  p a t i e n t s  in d ica ted  t h a t  l e f t  

f r o n t a l  p a t i e n t s  were impaired on ta sks  of non-socia l  co g n i t io n ,  r i g h t  

f r o n t a l  p a t i e n t s  were impaired on cogn i t ive  t a sk s  with a soc ia l  

component and b i l a t e r a l  f r o n t a l  p a t i e n t s  were impaired on both ta sks  

(Sorman, Wasserstein and Zapulla ,  1983). I t  is  expected t h a t  f r o n t a l  

lobe in ju ry  subsequent to  trauma w i l l  d i s r u p t  the  i n t e g ra t io n  o f  

a f f e c t i v e  informat ion.

Temporal lobe i n j u r i e s  are  r e p o r t e d ly  a ssoc ia ted  with reduced 

con t ro l  over aggress ive  impulses (Hooper, McGregor and Nathan, 1945). 

In ju ry  a f f e c t in g  the  periamygdaloid region i s  suspect in t h i s  behavior .
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Sweet, Ervin and Mark (1969) have noted evidence l ink ing  v i o l e n t  

behavior  with  pathology in medial temporal lobe s t r u c t u r e s .  Hillbom 

(1951) has l inked temporal lobe i n j u r i e s  t o  schizophreniform psychoses.  

In a d d i t io n  t o  the  above f e a tu r e s  of temporal lobe d i s ea se ,  Baer e t  al 

(1982)have found e p i l e p t i c s  with temporal lobe foc i  t o  be over ly  

c l i n g in g ,  humorless,  c i r c u m s t a n t i a l ,  ex ce s s iv e ly  paranoid and 

m o r a l i s t i c .

Although the  temporal lobes are  a s so c ia te d  with a f f e c t ,  t h e i r  

re levance  to  t h i s  s tudy l i e s  in t h e i r  r o l e  as c o r t i c o n - c o r t i c a l  

a f f e r e n t s  to  the  f r o n t a l  cor tex  (Nauta, 1971). V isual ,  a u d i to ry  and 

somatic sensory  systems reach th e  f r o n t a l  co r tex  f o r  process ing  v ia  two 

temporal r o u te s :

a) the  a n t e r i o r  temporal p r o je c t io n s  v ia  the  unc ina te  bundle to  a 

la rge  po r t ion  of  f r o n t a l  c o r t e x ,

b) the  middle and i n f e r i o r  temporal gyri  p r o j e c t io n s  v ia  the  

i n f e r i o r  tha lamic  peduncle to  th e  mediodorsal  tha lamic  nucleus 

t o  t h e  o r b i t o f r o n t a l  a r e a s .

To the  ex ten t  t h a t  t e m p o ra l - f ro n ta l  pathways are  d i s ru p te d ,  

p rocess ing  of a f f e c t i v e  informat ion should be d i s tu r b e d .

In summary, th e  head - in ju red  p a t i e n t  i s  most vu lne rab le  to  in ju r y  

in areas  of the  b ra in  t h a t  i n t e g r a t e  a f f e c t i v e  informat ion and t h a t  are  

a sso c ia ted  with the h ig h es t  p s y c h i a t r i c  hazard .  In a d d i t i o n ,  he loses  

the  o v e ra l l  a b i l i t y  to  a b s t r a c t  which f u r t h e r  compounds the  problem, and 

p laces  him a t  a so c ia l  d isadvan tage .

V. The Neuropathology of  Head Trauma

Severe head i n j u r i e s  r e s u l t  in m u l t ip le  types  of b r a in  l e s i o n s  and 

a d i v e r s i t y  of secondary complicat ions  t h a t  f u r t h e r  c o n t r ib u t e  t o  t i s s u e
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damage. L a n g f i t t  and Genare ll i  (1982) r e p o r t  t h a t  th e re  appear to  be 

two p r in c ip a l  causes of b ra in  damage in head in ju r y .  One i s  the  d i r e c t  

mechanical damage to  neurons produced on impact (Adams e t  a l ,  1982) and 

r e f e r r e d  to  as the  shearing of nerve f i b e r s .  This t e a r s  the  neuron, 

e s p e c i a l l y  the  axon, and can be observed throughout the  white mat te r  in 

the  hemispheres and bra instem in severe cases .  The second cause of 

b ra in  damage i s  an i n s u f f i c i e n t  supply of oxygen to  b ra in  c e l l s .  

Ischemia i s  g enera l ly  caused by compression from a hematoma or ra i sed  

in t r a c r a n i a l  hypertension from d i f f u se  b ra in  swe l l ing .  Ischemic damage 

i s  pe rn ic ious  and L a n g f i t t  and Genera l l i  (1982) specu la te  t h a t  i t  may 

a lready  be i r r e v e r s i b l e  a t  four hours .

Oppenheimer (1968) described d i f f u s e  microscopic le s ions  

a t t r i b u t a b l e  to  a cc e le r a t i o n s  with in  the  b ra in  substance a t  the  t ime of 

i n ju r y .  They cons is ted  of m ul t ip le  c a p i l l a r y  hemorrhages or microscopic 

d i s ru p t io n s  of nervous t i s s u e  without hemorrhage. A d i f f u s e  

p r o l i f e r a t i o n  of  m icrog l ia  was observed in these  c ase s .  Lesions were 

observed p r im a r i ly  in the  corpus callosum, caudate nuc leus ,  centrum 

ovale and in the  upper brains tem (tegmentum and b rach ia  co n junc t iva ) .  

They were in f requen t  in the  cerebra l  c o r t e x .  Most of Oppenheimer's 

cases were severe  head i n j u r i e s ,  dying from the  e f f e c t s  of the  bra in  

in ju ry  combined with cerebra l  anoxia from ches t  t r o u b l e s .  The causes of  

the  observed microscopic le s ions  were shearing of f i b e r s  as a r e s u l t  of 

impact,  s t r e t c h i n g  and t e a r in g  of  small blood v e sse l s  giving r i s e  to  

hemorrhages of a l l  s i z e s  and s t r e t c h i n g  and t e a r in g  of  groups of nerve 

f i b e r s  without hemorrhage.
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Taylor (1967), employing an animal model, has d iscussed the  

neuro logic  sequalae  due to  a concussive blow to  th e  head. He 

hypothesizes t h a t  the  b ra in  stem and cord are  s t r e tch e d  as the  neck i s  

hyperflexed and r a p id ly  d e ce le ra ted .  The cord i s  s t r e tch e d  and 

elongated  but i s  f ixed  by the  c r a r i a l  nerves ( e s p e c ia l ly  V, VII,  VIII) 

and o the r  f i b e r s .  Consequently,  t h i s  pu l l  w i l l  be f e l t  throughout the  

brainstem and forward through the  long t r a c t s  to  where the  fo reb ra in  is  

f ixed  by the  op t ic  nerves,  o l f a c to r y  bulbs and c a r o t id  a r t e r i e s .  As a 

r e s u l t  o f  t h i s  s t r e t c h i n g ,  f i b e r s  from the  b ra in  stem to  the  centrum 

ovale are  a c t u a l l y  f r a c tu re d  or snapped. Post-concuss ive  symptomatology 

such as loss  of consciousness ,  mass con t rac t io n  of  the  limbs, c e s sa t io n  

of r e s p i r a t i o n ,  r i s e  in blood p re s su re ,  loss  o f  corneal r e f l e x e s ,  

d i l a t e d  p u p i l s ,  headache, vomiting,  d iz z i n e s s ,  confusion, and amnesia 

are a l l  symptoms which could a r i s e  from damage to  c ra n ia l  nerve nuclei  

between the  medulla (X) and the  upper b ra in  stem ( I I I )  as well as from 

the  arousal cen te r  in the  r e t i c u l a r  formation,  the  pyramidal t r a c t s  and 

the  vasomotor c e n te r .  I f  damage i s  sought in the  b ra in  of the  concussed 

animal t h i s  i s  the  a rea  in which i t  i s  mainly found. These les ions  are  

p re sen t  even a f t e r  minor concussive blows to  the  head. Nerve c e l l  

counts ,  f o r  example, in th e  l a t e r a l  v e s t i b u l a r  nuc leus ,  are  in v a r iab ly  

reduced a f t e r  a minor concussive blow and t h i s  e f f e c t  i s  not a 

t r a n s i t o r y  one. I r r e g u l a r  th icken ing  and fragmenta tion o f  myelin 

sheaths  was a lso  found in the  areas  described above.

Concussion i s  known to  cause widespread le s ions  throughout the  

white m at te r .  Taylor (1967) r e p o r t s  t h a t  maze running performance in 

animals one month post-concussion was impaired.  S im i la r ly ,  the  animals 

had d i f f i c u l t y  in learn ing  new t a sk s .
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Most p a t i e n t s  with head in ju r y  are now considered to  have a

combination of white matter  shear ing  le s ions  and c o r t i c a l  con tus ions .  

Ommaya and Gennare ll i  (1974) and Adams, Graham and Genare l l i  (1983) 

r e p o r t  t h a t  the  prime loca t ion  of contusions  i s  in the  temporal and 

f r o n ta l  regions  i r r e s p e c t i v e  of the  s i t e  of impact.

In add i t ion  to  the  above-mentioned l e s io n s ,  r a i s e d  in t r a c r a n i a l  

p re s su re  i s  a complicating f a c t o r  in a high propor t ion  of head in ju ry  

c ase s .  Severe con tus ions ,  f o r  example, may lead to  a s i g n i f i c a n t  

occupation of space once edema and local  e x t rav asa t io n  of blood develop 

around them. Diffuse b ra in  swell ing  may have th e  same e f f e c t .  Both 

lead t o  increased p ressu re  with in  the  cranium with a r e s u l t a n t

d i s t o r t i o n  of  b ra in  s t r u c t u r e ,  midl ine  s h i f t  or s h i f t i n g  of s t r u c t u r e s

downward toward the brainstem. Raised in t r a c r a n i a l  p res su re  may impair

per fus ion  of the  ce reb ra l  co r tex  or produce dysfunction in the  r e t i c u l a r  

a c t i v a t in g  system and o the r  brains tem areas  due to  p ressu re  and 

d i s t o r t i o n  leading t o  s t e n o s i s  of blood v e s s e l s .  For example, when the  

b ra in  stem is  s h i f t e d  downwards, the  b a s i l a r  a r t e r y  i s  no t .  The 

p e r fo ra t in g  branches from the  b a s i l a r  a r t e r y  to  the  bra instem become 

s t r e t c h e d  and narrowed and the  blood supply to  the  brainstem i s  reduced 

with a r e s u l t a n t  impairment in func t ion ing  ( Jenne t t  and Teasdale ,  1981). 

This type o f  ischemic damage i s  s i g n i f i c a n t ,  y e t  f r eq u e n t ly  goes 

unreported because i t  i s  not observable with the  naked eye.  

A l t e r n a t iv e ly ,  hemorrhaging in the  bra instem can occur secondary to  

compression (Adams e t  a l ,  1983).

J en n e t t  and Teasdale (1981) r e p o r t  t h a t  hypoxic/ischemic damage can 

develop within  a few hours post- trauma and d e v as ta te  the  ce reb ra l
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co r tex .  I t  i s  observed only with proper microscopic examination.  In 

t h e i r  sample of 151 p a t i e n t s  dying of  head in ju r y ,  91% had some evidence

of ischemic b ra in  damage (83% had r a i s e d  ICP). Fo r ty -s ix  percen t  of 

p a t i e n t s  had le s io n s  in the  co r tex ,  p r im ar i ly  in the  boundary zones of

adjacent  major a r t e r i a l  t e r r i t o r i e s .  Seventy-nine percen t  of  p a t i e n t s

had le s ions  of t h i s  type in the basal  gangl ia .

Jennet t  and Teasdale (1981) r e p o r t  on a s e r i e s  of of 151 autopsied  

p a t i e n t s  s tudied  by Adams and Graham. These were p a t i e n t s  with 

nonmissi le  head i n j u r i e s  who reached the  h o sp i t a l  a l iv e  and f o r  whom 

su rg ica l  management was considered a p p ro p r ia te .  Very e a r l y  deaths  were 

under-represen ted  in t h i s  sample. Of these  151 p a t i e n t s ,  91% had some 

evidence of ischemic le s io n s  in s im i la r  c o r t i c a l  and basal  gang l ia  areas  

but a high percentage  of  brains tem les ions  were repor ted  as w e l l .

Bratzke (1983) s tudied  bra instem les ions  in twenty cases  of b lunt  

head in ju ry  whose surv iva l  t imes  ranged from 43 days to  1 and a h a l f  

y e a r s .  The p a t i e n t s  ages ranged from 7 to  60 years  of age. F i f teen

p a t i e n t s  were younger than 40. All died of complications  not d i r e c t l y

re l a t e d  to  trauma (p r im ar i ly  pneumonia). Marked bra instem atrophy was 

observed in t h i s  s e r i e s  o f  p a t i e n t s .  In a d d i t i o n ,  expansion and 

deformation of  the  aqueduct and 4th v e n t r i c l e  was observed. Lesion 

q u a l i t y  ind ica ted  t h a t  they were due e i t h e r  t o  anoxia (secondary type) 

or  d i r e c t  damage a g a in s t  the  edge of the  tentorium when the  head was 

flexed  (primary ty p e ) .  The author claims t h a t  the  types of  le s ions  

observed depend on the  dura t ion  of  the  anoxic phase and the  subsequent 

ex ten t  o f  rep e r fu s io n .
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In head in ju r y ,  more than one of the  f a c to r s  t h a t  are  l i k e l y  to  

reduce ce reb ra l  oxygenation a re  commonly found: r a i s ed  ICP, hypoxemia,

anemia, systemic hypotension, d e fe c t iv e  a u to reg u la t io n .  I t  does not 

take  a marked abnormality in any one f a c t o r  to  a f f e c t  oxygenation i f  

more than one i s  c o n t r ib u t in g .  J enne t t  and Teasdale (1981) specu la te  

t h a t  the  ex tens ive  hypoxic le s ions  found in cases  o f  f a t a l  head i n j u r i e s  

occur in su rv ivors  but to  a le s s  severe  degree and t h a t  they c o n t r ib u te  

s i g n i f i c a n t l y ,  as do o ther  le s ions  d iscussed ,  to  the  neuro logic  and 

mental sequelae observed pos t- trauma in su rv iv o rs .  Their view of 

d i f f e r e n c e s  in degree but not type of  le s ion i s  shared by o th e r s .  

Symonds (1962) has pos tu la ted  from c l i n i c a l  observat ions  of  concussed 

p a t i e n t s ,  t h a t  the  d i f f e r en ce  between p a t i e n t s  who remain unconscious 

f o r  weeks r a th e r  than f o r  minutes or hours could be in the  quan t i ty  of 

b ra in  damage and not in the  loca t ion  of the  l e s io n s .  He suggested t h a t  

varying grades of  head in ju r y  should be recognized and t h a t  varying 

degrees of  white mat te r  damage, f o r  example, accompany the  d i f f e r e n t  

s e v e r i t i e s  o f  in ju ry .  Pathologica l  evidence suppor ting t h i s  view was

provided by Oppenheimer (1968) who found s im i l a r  types and d i s t r i b u t i o n s  

of  le s ions  in both c l i n i c a l l y  severe  cases dying from cereb ra l  in ju ry  

and in cases where ce reb ra l  in ju ry  was c l i n i c a l l y  t r i v i a l .  The l a t t e r  

cases suf fe red  from mild "concussion" l a s t i n g  only a few minutes from 

which the  p a t i e n t s  quick ly  recovered.  Cause of death was u su a l ly  due to  

pneumonia or f a t  embolism. Oppenheimer's f ind ings  a re  congruent with 

r e s u l t s  of animal s tu d ie s  of head trauma where both severe  f a t a l  

i n j u r i e s  and minor concussive blows were found to  produce les ions  of 

s im i la r  d i s t r i b u t i o n s  and with s im i la r  types  of  d e s t r u c t io n  to  neurons:
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f r a c t u r i n g  of white f i b e r s  with th ickening  and fragmentation of myelin 

sheaths  (Taylor,  1967). Animal models, as well as p a t i e n t s  with head 

trauma who do not die  of  head in ju ry  but r a t h e r  of un re la ted  causes,  

allow us to  understand the  pathology of trauma, and in some cases to  

r e l a t e  t h i s  to  behavioral  outcome.

VI. Assessing Severi ty  in Head Trauma

1. GCS

V a r i a b i l i t y  in c l a s s i f y in g  the  s e v e r i t y  of  head in ju ry  across  

n a t iona l  and in t e rn a t io n a l  trauma c en te r s  in t e r f e r e d  with in te r s tu d y  

comparisons of  outcome from trauma. In p a r t i c u l a r ,  i t  was not c l e a r  

whether d i f f e r e n c e s  in m o r t a l i t y  in d i f f e r e n t  s e r i e s  of head- in ju red  

p a t i e n t s  were due to  d i f f e r en ces  in management or  to  v a r i a b i l i t y  in the  

s e v e r i t y  of p a t i e n t s  s tudied  (L angf i t t  and G e n a re l l i ,  1982). In 

response to  t h i s  problem, a suggest ion was made to  s tandard ize  the  

d e f i n i t i o n  of  a s e r ious  head in ju r y  and consequently to  s tandard ize  the  

c r i t e r i a  f o r  admission to  s tud ie s  o f  head in ju red  p a t i e n t s  (L a n g f i t t ,  

1978). The Glasgow Coma Scale (GCS) (Teasdale and J en n e t t ,  1974) has 

been widely applied  in head trauma s tu d ie s  and has been accepted as a 

p rev a len t  measure of s e v e r i t y  of i n ju r y  and a b a s i s  f o r  comparing 

p a t i e n t s  across  s tu d i e s .  The GCS i s  e f f e c t i v e  in p re d ic t in g  m o r t a l i t y  

(Wasser thei l-Smol ler e t  a l ,  1982),  however, i t s  r e l a t i o n s h i p  to  long­

term cogn i t ive  outcome i s  poor (Tabaddor, M at t is ,  Zazula,  1984, Levin e t  

a l ,  1979).  Nevertheless ,  fo r  the  purposes of com parab i l i ty  with o ther  

s t u d i e s ,  th e  GCS was u t i l i z e d  in the  c l a s s i f i c a t i o n  of  p a t i e n t s  admitted 

to  the  Central  Nervous System Trauma Center a t  Jacobi Hospi ta l .
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2. WAIS

The Wechsler Adult I n te l l ig e n c e  Scale (WAIS) (Wechsler, 1955) i s  

one of the  most commonly used psychometric ins truments .  The Verbal and 

Performance I.Q. o f  the  WAIS do not vary appreciab ly  in a normal 

in d iv id u a l ,  however, la rge  d i screpanc ies  may be seen in a p a t i e n t  with 

b ra in  dysfunction (Strub and Black, 1981). Dif ferences  exceeding 25 

po in ts  have been shown to  be s t a t i s t i c a l l y  s i g n i f i c a n t  ( F ie ld ,  1960), 

while d i f f e r en c es  in 15 po in t s  have been shown to  have c l i n i c a l  u t i l i t y  

in id e n t i fy in g  neurologic  dysfunction (Black, 1974).  Lower Performance

I . Q . 1 s r e l a t i v e  to  Verbal I . Q . ' s  were t y p i c a l l y  d isp layed  by p a t i e n t s  

with documented r i g h t  hemisphere damage (Simpson and Vega, 1971; Rei tan ,  

1955). However, b i l a t e r a l  damage following b lunt  head in ju ry  produces 

the  same p a t t e rn  of  lower Performance I .Q. (Mandleberg and Brooks, 

1975). Levin e t  al (1979) found t h a t  o v e ra l l  outcome in moderately and 

severe ly  head- in ju red  p a t i e n t s  was more c lo se ly  r e l a t e d  to  v a r i a t i o n  in 

Performance I .Q. as compared to  Verbal I .Q. Furthermore, they  found 

t h a t  Verbal I .Q. s i g n i f i c a n t l y  c o r r e l a t e d  with educa t iona l  level  

whereas Performance I .Q. did not.  Mandleberg and Brooks (1975) 

a t t r i b u t e  poorer Performance I.Q. in head trauma p a t i e n t s  to  the  f a c t  

t h a t  Performance I .Q. su b te s t s  r eq u i re  the  in t e g r a t i o n  of  complex 

func t ions  including p e rcep t ion ,  le a rn in g ,  manual d e x t e r i t y ,  speed of 

response and a t t e n t i o n .  Additive f a i l u r e s  on any of  these  t a sks  w i l l  

depress Performance I.Q. Verbal su b te s t s  are  s t r u c t u r a l l y  simpler and, 

except f o r  Ari thmet ic ,  a re  untimed. Jenne t t  and Teasdale (1981) share 

the  views of Mandleberg and Brooks, suggesting t h a t  Performance I.Q. 

s u b te s t s  depend on the  i n t e g ra t io n  of a wider range o f  cerebra l
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a c t i v i t i e s  than do Verbal s u b t e s t s .  Mot iv ia t ion ,  a t t e n t i o n ,  speed of 

response  and o rgan iza t iona l  a b i l i t y  are  a l l  r e f l e c t e d  in PIQ and a re  the 

d e f i c i t s  commonly complained of  by head trauma p a t i e n t s  and t h e i r  

f a m i l i e s .  Performance I .Q. in the  p resen t  study can be useful as an 

index of s e v e r i t y  of in ju ry .

VII.  Neuropsychological Indices  of Asymmetric Pathology

Asymmetry in the  perception and product ion of in tona t ion  was 

suggested by the  s tu d ie s  d iscussed in a previous sec t ion  of  t h i s  paper. 

Two neuropsychological  t e s t s  commonly u t i l i z e d  in the  l a t e r a l i z a t i o n  of 

l e s ions  w i l l  be applied in the  p resen t  study as markers o f  l e f t  and 

r i g h t  hemispheric func t ion ing  in the  p resen t  s e r i e s  of p a t i e n t s .

The Purdue Pegboard (Science Research Associa tes  1948) i s  a t e s t  of 

manual d e x t e r i t y  (Costa e t  a l ,  1963; Vaughan and Costa,  1962). In a 

study of the  l a t e r a l i z i n g  e f f i c i e n c y  of t h i s  t e s t ,  c u t o f f  scores  th a t  

were 70% accura te  in p re d ic t in g  a l a t e r a l i z e d  les ion were developed 

(Costa e t  a l ,  1963). Slowing in one hand on b i l a t e r a l  slowing i s  seen 

with d i f f u se  or b i l a t e r a l  b ra in  damage. The Purdue was u t i l i z e d  in the  

p re sen t  study as a l a t e r a l i z i n g  in d ic a to r  of l e f t  or r i g h t  hemispheric 

dysfunction and t h e i r  r e l a t i o n s h i p  t o  t e s t s  of  prosody.

In aud i to ry  d ic h o t i c  t e s t i n g ,  the  aud i to ry  capac i ty  of  each ear  i s  

t e s t e d  by using s t im ul i  (such as d i g i t s  o r  l e t t e r s )  de l ive red  

s imultaneously  through headphones by a dual t ra ck  sound system (Kimura, 

1967).  The p a t i e n t  r e c e iv e s  s t imulus p a i r s ,  one to  each e a r ,  a t  the  

same time.  Normally, the  d i f f e r e n t  s t im ul i  rece ived  by each ear  are 

both heard.  When s t im u l i  presented to  an ear  are poorly  understood or 

not perceived a t  a l l ,  a le s ion  involving the  aud i to ry  system on the



-3 2 -

c o n t r a l a t e r a l  s ide  can be suspected (Lezak, 1976).  P a t i e n t s  with 

le s io n s  involv ing the  temporal lobe or c e n t r a l  aud i to ry  pathways may 

ignore  aud i to ry  s ig n a l s  en te r in g  th e  ea r  oppos i te  the  s ide  of  le s ion  in 

the  same way t h a t  u n i l a t e r a l  neg lec t  or e x t in c t io n  to  double 

simultaneous s t im u la t io n  in t a c t i l e  (or v i s u a l )  modes i s  observed on the  

s id e  c o n t r a l a t e r a l  to  a le s ion  (Oxbury and Oxbury, 1969). Simple 

a u d i to ry  d ic h o t i c  l i s t e n i n g  f o r  l e t t e r s  was u t i l i z e d  in th e  p re sen t  

s tudy as a l a t e r a l i z i n g  marker r e f l e c t i n g  the  degree of  c o r r e l a t i o n s  of 

r i g h t  versus  l e f t  hemispheric aud i to ry  pathways and aud i to ry  a s s o c ia t i o n  

areas  with the  percep t ion  and production of prosody.

VIII .  Assessing Social  Matur ity

The p a t i e n t s  d iscussed  above, who su f fe red  from dysprosody had 

d i f f i c u l t i e s  in so c ia l  and occupat iona l  spheres because t h e i r  a f f e c t i v e  

express ion  was f r e q u e n t ly  misunderstood (Ross and Mesulam, 1979; 

Weintraub, Mesulam and Kramer, 1981).  Although th e r e  i s  no d i r e c t  

evidence from the  s t ro k e  and tumor p a t i e n t s  d iscussed  above, th e r e  i s  

evidence t h a t  persons with r e c e p t iv e  a f f e c t i v e  d i f f i c u l t y  due to  o the r  

neurologic  or  developmental syndromes (Asperger 's  syndrome, learn ing  

d i s a b i l i t i e s ,  f o r  example) exper ience  g re a t  d i f f i c u l t y  in in te rp e r so n a l  

r e l a t i o n s  and can have d i f f i c u l t y  in ad ju s t in g  t o  such occupational 

demands as i n t e r a c t i n g  e f f e c t i v e l y  with su p e r io r s  or co-workers and 

main ta in ing  employment (Weintraub and Mesulam, 1983; Wing, 1981).  I f  

a f f e c t i v e  percep t ion  and production i s  t r u l y  such an impor tant component 

o f  soc ia l  and occupational success ,  then  head trauma p a t i e n t s  who 

p re sen t  with r e c e p t iv e  or exp ress ive  a f f e c t i v e  d is tu rbance  should be 

l e s s  l i k e l y  to  a d ju s t  wi th in  th e se  spheres  than p a t i e n t s  who do not
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e x h i b i t  such p os t - t raum a t ic  seque lae .  The measurement of so c ia l  

competence and i t s  r e l a t i o n  to  the  perception  and product ion of 

in tona t ion  would serve as a p re l im ina ry  eva lua t ion  of  t h i s  proposed 

r e l a t i o n s h i p .

The Vineland Social Matur ity  Scale (Doll ,  1935, 1953) was chosen to  

eva lua te  so c ia l  competence in the  p resen t  sample of p a t i e n t s .  This 

s ca le  was designed to  gauge an i n d i v i d u a l ' s  capac i ty  f o r  looking a f t e r  

on ese l f  and fo r  p a r t i c i p a t i n g  in a c t i v i t i e s  which are  a ssoc ia ted  with 

u l t im a te  independence as a d u l t s .  The t e s t  items with in  t h i s  sca le  are 

intended to  r ep re sen t  matura tion in the  areas  of " s e l f - h e l p ,  s e l f -  

d i r e c t i o n ,  locomotion, occupation,  communication and soc ia l  r e l a t i o n s "  

(Doll ,  1953).  The underlying p r i n c i p l e  of t h i s  sca le  i s  t h a t  each of  

the  above-mentioned items i s  viewed as rep re sen t ing  soc ia l  

r e s p o n s i b i l i t y  in some d e ta i l e d  performance t h a t  i s  an over t  express ion 

of t h a t  r e s p o n s i b i l i t y .  The following are  examples of  questions  t h a t  

r e p re se n t  various  areas  of  competence assessed by the  s c a le :  

s e l f - h e l p :  "Te l ls  time to  qua r te r  hour"

s e l f - d i r e c t i o n :  " Is  l e f t  to  care  f o r  s e l f  or o thers"

locomotion: "Goes to  d i s t a n t  po in ts  alone"

occupation:  "Has a job or continues  schooling"

communication: "Makes te lephone c a l l s "

s o c i a l i z a t i o n :  "Assumes r e s p o n s i b i l i t y  beyond own needs"

P a t i e n t s  who have d i f f i c u l t y  with a f f e c t i v e  percept ion  and 

production a f f e c t in g  soc ia l  i n t e r a c t i o n  should reg re s s  on a number of 

items within  t h i s  sca le  i f  r e p o r t s  in the  l i t e r a t u r e  c i t e d  e a r l i e r  are 

accu ra te .
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METHODS

Subjects

The p a t i e n t  sample s tud ied  was comprised of 27 right -handed 

moderately and severe ly  head in ju red  a d u l t s  en ro l led  in a comprehensive 

head trauma study conducted a t  Jacobi Hospital  (1980-presen t ) .  C r i t e r i a  

f o r  inc lus ion  of  p a t i e n t s  in  t h i s  s tudy include  no h i s t o r y  of 

h o s p i t a l i z a t i o n  fo r  drug or  alcohol abuse, no p r i o r  head trauma, and no 

h i s t o r y  of h o s p i t a l i z a t i o n  f o r  p s y c h ia t r i c  d i s o rd e r .  P a t ie n t

demographics are  represen ted  in Table I .  Sever i ty  of  in ju ry  i s

represen ted  by Glasgow Coma Scale scores  (GCS) (Teasdale and Jen n e t t ,

1974). GCS scores  rep resen t  the  lowest scores  a t t a in e d  by the  p a t i e n t  

during the  in -h o sp i t a l  s t ay  and can r e f l e c t  d e t e r i o r a t i v e  processes  not 

always ev iden t  on admission. Scores l e s s  than 8 re p re se n t  the  ' s e v e re '  

ca tegory ,  while scores  of 9 t o  12 r e p re se n t  th e  'moderate '  ca tegory .  

P a t i e n t s  who p resen t  with GCS scores  g re a t e r  than 12 in t h i s  group are

a lso ca tegor ized  as 'moderate '  on the  b a s i s  o f  presence of  mass les ion

on CT or foca l  neurological  s ig n s .  The mean GCS score f o r  t h i s  p a t i e n t  

popula tion as well as the  p ropor t ions  of moderate and severe  i n j u r i e s  i s  

rep resen ted  in Table I .

Table I I  p re sen ts  the  neuropsychological  s t a t u s  o f  the  p a t i e n t s .  

As a group, they presen t  with a wide range of  a b i l i t i e s  extending from 

the  seve re ly  de fec t ive  to  above average.

Table I I I  p resen ts  the  r e s u l t s  of the  Vineland Social Matur ity  

Scale which was adminis tered a t  the  same time as the  neuropsychological  

eva lua t ion  and t e s t s  of a f f e c t i v e  prosody. The 'Socia l  Age' of  the 

p a t i e n t s  as a group is  about h a l f  of t h e i r  group chronological  age.  The
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'Socia l  Quotien t '  of the  group i s  considerably  lower than average,  i . e . ,  

considerably  lower than the  50th p e r c e n t i l e  f o r  adu l t s  as descr ibed  in 

the  manual.

Thus, the  p a t i e n t s  as a group presen t  with both i n t e l l e c t u a l

d e f i c i t s  and lowered lev e l s  of  s o c ia l  competence.

The contro l  sample cons is ted  of 10 adu l t s  with no h i s to r y  of head 

trauma, p s y c h ia t r i c  d i s tu rb an ce ,  neurologic  dysfunction or  alcohol or 

substance abuse. Six were e i t h e r  r e l a t i v e s  or c lose  long-term f r i en d s  

of the  p a t i e n t s  described above. The remainder (n = 4) were Jacobi 

Hospital employees of s im i la r  socioeconomic and c u l t u r a l  background. 

Demographics of the  con tro l  popula tion are  represen ted  in Table I .

P a t i e n t s  and c o n t ro l s  d i f f e r  with re spec t  to  the  propor t ion  of 

males and females in each sample (Table I ) .  Sex d i f f e r e n c e s  might be 

expected to  c o n t r ib u t  to  d i f f e r en ces  in cores due to  suggested 

d i f f e r en c es  in ce reb ra l  o rgan iza t ion  between males and females 

(Landsa ll ,  1970, 1971; McGlone, 1976). T - t e s t s  ind ica ted  t h a t  no

s i g n i f i c a n t  d i f f e r e n c e s  e x i s t ed  between male and female p a t i e n t s  on 

percept ion  of in to n a t io n ,  Verbal or Performance I .Q . ,  age,  education

le v e l ,  Social  Quot ient  or t ime from in ju r y  (See Appendix I ) .  In 

ad d i t io n ,  no d i f f e r en c e  was observed fo r  the  Purdue Pegboard.

Production of in tona t ion  d i f f e r e d  s i g n f i c a n t l y  in male and female

p a t i e n t s .  However, due to  the above p a t t e r n ,  t h i s  may have occured by 

chance a lone.  (Furthermore,  a l a t e r a l i z e d  t e s t  such as th e  Purdue 

should have r e f l e c t e d  any rea l  d i f f e r en c es  in performance due to  

d i f f e r e n t  ce reb ra l  o r g a n iz a t io n ) .  Neither pe rcept ion  nor production of  

in tona t ion  d i f f e r  between males and females in the  con tro l  popu la t ion .
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P a t i e n t s  and co n t ro l s  a lso  d i f f e r  with re spec t  to  educa tiona l level 

(Table I ) .  Education does not c o r r e l a t e  s i g n i f i c a n t l y  with pe rcep t ion  

or  production of a f f e c t  in the  control  popula tion or the  p a t i e n t  

popula t ion .  A subse t of  p a t i e n t s  were c lo se ly  matched to  c o n t ro l s  with 

r e sp ec t  to  educa t ion ,  and scores  on percept ion  and product ion were 

compared to  determine whether educational d i f f e r en c es  were accounting 

f o r  d i f f e r en c es  in t e s t  s co res .  Pa t ien t s  and c o n t ro l s  do not d i f f e r  

with re spec t  to  age (Table I ) .

Subject Select ion

P a t i e n t s  were consecu t ive ly  en ro l led  in the  p re sen t  study as they 

were admitted to  Jacobi Hospital  f o r  head trauma, or as they kept t h e i r  

fo llow-up o u t - p a t i e n t  appointments a t  the  Central  Nervous System Trauma 

Center a t  Jacobi Hospi ta l .  Thus, the  t ime from in ju r y  to  eva lua t ion  

var ied  from one week pos t- trauma to  two years  pos t- trauma.  Controls 

were obta ined whenever p o s s ib l e ,  from p a t i e n t ' s  f a m i l i e s  or f r i e n d s  or 

a t  the  convenience of Jacobi Hospital  personnel.

Test Adminis tra tion

P a t i e n t s  were informed about the  purpose of the  s tudy and asked to  

sign an informed consent form before  proceeding. A ffec t ive  t e s t s  of 

percept ion  and production were embedded with a f u l l  neuropsychological  

eva lua t ion  which was p a r t  of  th e  C.N.S. Trauma Center p ro to c o l .  Tests  

of  a f f e c t  were adminis tered e a r l y  in the  b a t t e r y ,  fo llowing  the  

adm in is t ra t ion  of the  f i r s t  t e s t ,  the  Wechsler Adult I n t e l l i g e n c e  Scale .  

P a t i e n t s  were thus acc l imat ized  to  the  t e s t i n g  s i t u a t i o n  when the  

a f f e c t i v e  t e s t s  were given. Controls were informed about the  purpose of 

the  s tudy, and received  a consent form. They rece ived  t e s t s  of
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percept ion  and express ion of a f f e c t iv e  prosody, however, no 

neuropsychologic t e s t s  were adminis tered.

Test  Descrip tion

A. Percept ion of Affec t ive  Prosody

The percept ion  of a f f e c t i v e l y  intoned s t imul i  was t e s t e d  by having 

sub jec ts  l i s t e n  to  a tape  comprised of 70 con ten t -s tandard  sentences  

presented in 5 in to n a t io n a l  p a t t e r n s .  The sub jec t  was asked t o  l i s t e n  

to  each sentence and i d e n t i f y  the  emotional q u a l i t y  in the  sp eak e r ' s  

voice  from among the  following cho ices :  anger, anx ie ty ,  conf idence,

happiness ,  n e u t r a l .  Subjects were asked to  de f ine  the  5 s t a t e s  

mentioned above before  proceeding to  insure  t h a t  t h e i r  verbal 

comprehension of these  words was i n t a c t .  All sub jec ts  wre capable of  

a ccu ra te ly  de f in ing  the  meaning of the f iv e  t e s t  words. The tape begins 

with a s tandard ized  s e t  of i n s t r u c t i o n s :

"You are  about to  hear  a s e r i e s  o f  vocal expresions  of 

emotions. The verbal con ten t  of each s ta tement w i l l  remain 

the  same but the  emotions expressed may d i f f e r .  The emotions 

portrayed w i l l  be one of  the  f i v e  presented a t  the  top of  your 

answer shee t .  A given emotion may be presented any number of 

t imes and in any o rde r .  Try t o  i d e n t i f y  the  emotions 

expressed.  Please do not leave any blank spaces .  I f  you are 

not sure ,  guess ."

At t h i s  p o in t ,  any f u r t h e r  questions  on the  s u b j e c t s '  p a r t  were 

c l a r i f i e d  and t e s t i n g  began. The score on t h i s  t e s t  c o n s i s t s  of the  

number of c o r r e c t  i d e n t i f i c a t i o n s  made by the  s u b je c t .

B. Production of  Affec t ive  Prosody
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The express ion  of a f f e c t i v e l y  intoned speech was t e s t e d  by asking 

su b jec t s  t o  produce a c o n ten t - s t an d a rd  sen tence in one of  four  

in to n a t io n a l  p a t t e r n s :  happy, anxious,  angry,  o r  n e u t r a l .  Twenty

sentences  were e l i c i t e d  from each s u b jec t  (5 samples o f  each in to n a t io n  

p resen ted  randomly w i th in  the  20 t r i a l s ) .  Sentences were recorded 

dur ing the  t e s t i n g  sess ion  f o r  a l l  s u b j e c t s .  Eighteen r a t e r s  were

r e c r u i t e d  t o  ev a lu a te  the  s u b j e c t s '  performance on the  production t a s k .  

The r a t e r s '  ages ranged from 19 -  61 (X = 34.23) and educa t iona l  level  

ranged from 13 -  21 (X = 15 y e a r s ) .  Raters were asked to  l i s t e n  to  the  

s e r i e s  of  tapes  and id e n t i f y  the  s p ea k e r ' s  in to n a t io n  a f t e r  each

sen tence .  A m u l t ip l e  choice format was p resen ted  and the  r a t e r

i d e n t i f i e d  each express ion  as happy, anxious ,  angry,  or n e u t r a l .  Raters 

were not informed in advance t h a t  they were l i s t e n i n g  to  p a t i e n t s  and

c o n t r o l s ,  and con t ro l  tapes  were randomly placed in between s e t s  of 

p a t i e n t  t a p es .  Each p a t i e n t  and each con t ro l  rece ived  a score  ranging 

from 0 - 2 0  from each r a t e r .  (A score of 20 i s  one where a l l  sentences  

i d e n t i f i e d  by th e  r a t e r  match the  in to n a t io n  requested  of the  sub jec t  by 

th e  e xper im en to r ) . The o v e ra l l  Production score  was derived by tak ing

th e  mean of the  scores  produced by each of the  r a t e r s  f o r  t h a t  s u b jec t .

C. Conceptual I d e n t i f i c a t i o n  o f  Emotion

Subjects  were presented  with four  words each of  which r e p re se n t  an

a f f e c t i v e  s t a t e :  boredom, love,  s u r p r i s e ,  hope. Each exper imental  word

was p resen ted  with a l i s t  o f  twelve s ta tements  d e s c r i p t i v e  of various  

a f f e c t i v e  s t a t e s .  The experimental  words and d e s c r i p t i v e  s ta tements  

were taken from Davitz (1970).  This source i s  a compiled l i s t  of 556 

words and phrases  t h a t  had been used to  d esc r ibe  emotion by a group of
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50 s tu d en t s .  Davitz p re sen ts  frequency information on each d e s c r ip t i v e  

s ta tement .  The form u t i l i z e d  in the  p resen t  study was developed using 

s ix  high frequency terms ( 50%) and s ix  low frequency terms per word

to  be desc r ibed .  (Low frequency terms were e i t h e r  terms u t i l i z e d  with 

high frequency f o r  o the r  emotions, or  terms u t i l i z e d  with very low 

frequency ( e . g . ,  30%) f o r  the  word to  be de f in ed ) .  Thus each

experimental  word was presented with s ta tements  of  v a r iab le  

a p p l i c a b i l i t y  t o  t h a t  word (see Appendix I I ) .

The experimental  words s e le c te d  to  be defined were chosen because 

they are  more a b s t r a c t ,  and i t  was f e l t  t h a t  these  words would well 

r ep re sen t  emotional c o n ce p tu a l iz a t io n .

Subjects  were asked to  read the  d e s c r ip t i v e  s ta tements  following 

each word and t o  check "yes" f o r  those s ta tements  which applied to  the 

word and "no" f o r  those s ta tements  which did not apply.  Subjects were 

asked to  use t h e i r  own judgment in answering each s ta tem ent .

F o r ty -e ig h t  s ta tements  per sub jec t  were a v a i l a b le  f o r  a n a ly s i s .  

For each s ta tem ent ,  the  percent o f  agreement was c a lc u la t e d  s ep a ra te ly  

f o r  p a t i e n t s  and c o n t ro l s .  Thus f o r  statement 1 under 'h o p e ' ,  100% of 

the  normals and 80% of the  p a t i e n t s  responded "yes" (see Figure I ) .  

Graphs f o r  each of  the  four experimental  words were p lo t t e d  (Figures 

1 , 2 , 3 , 4 ) .  The percen t  of agreement f o r  each s ta tement  in the  con tro l  

group was p lo t t e d  f i r s t .  P a t i e n t s  were then analyzed according to  the  

percent of agreement with the  p reva len t  response in the  normal group 

(yes or no).

D. Vineland Social Maturi ty  Scale

P a t i e n t s  were administered t h i s  sca le  in order to  gauge t h e i r  level 

of  so c ia l  r e s p o n s i b i l i t y .  The Vineland Social  Matur ity  Scale (Doll ,
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1935, 1953) i s  composed of items t h a t  r e p r e s e n t ,  in inc reas ing

d i f f i c u l t y ,  f a c t o r s  such as " s e l f - h e l p ,  s e l f - d i r e c t i o n ,  locomotion,  

occupation ,  communication and so c ia l  r e l a t i o n s "  (Doll ,  1965). These 

f a c to r s  are  represen ted  by some d e ta i l e d  performance which the p a t i e n t  

i s  able or not able  to  perform. The o v e ra l l  score should r e f l e c t  the  

p a t i e n t ' s  u l t im ate  level  of independence.  I t  i s  useful  in t h i s  study 

s ince  one needs t o  know a p a t i e n t ' s  level of adjustment and so c ia l  

s t a t u s  pos t- trauma. Furthermore,  one would l i k e  to  know the  r e l a t i o n  

between recep t iv e  and express ive  a f f e c t i v e  d is tu rbance  and the  p a t i e n t ' s  

o v e ra l l  level of func t iona l  competence.

E. Neuropsychological  Bat tery

Each p a t i e n t  in the  p resen t  study rece ived  a f u l l  

neuropsychological  b a t t e r y  as pa r t  of the  C.N.S. Trauma Center p ro to co l .  

Selected  t e s t s  from t h i s  b a t t e r y  were c o r r e l a t e d  with the  experimental 

a f f e c t i v e  t e s t s  and ind ices  of  b ra in  pathology.  The following t e s t s  

were u t i l i z e d  f o r  t h i s  purpose:

1. Wechsler Adult In t e l l i g e n c e  Scale:  (Wechsler, 1955)

Performance I.Q.

Verbal I.Q.

2. Purdue Pegboard (Science Research A ssoc ia tes ,  1948)

3. Auditory Dichot ic  Lis ten ing  (Kimura, 1967)

Pathological  Data

CT scores were ro u t i n e ly  obtained f o r  most moderately and severe ly  

head in ju red  p a t i e n t s .  The CT scores u t i l i z e d  were p reope ra t ive  scans 

using an EL-Scint 705 Scanner or  a GE 8800. Only nonenhanced scans (no
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c o n t r a s t  agent)  were used in the  p re sen t  study fo r  the  purpose of 

e v a lu a t io n .  Each CT scan was reviewed to  determine the  ex ten t  of 

v e n t r i c u l a r  s h i f t ,  compression of bra instem c i s t e r n s ,  and the  s i ze  and 

loca t ion  of parencymal mass. Of the  twenty-seven p a t i e n t s  in t h i s  

s tudy,  twenty-two had CT scans which were a v a i l a b le  fo r  review.
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HYPOTHESES

A. Major Hypotheses

1. Moderately and severe ly  head- in ju red  p a t i e n t s  p resen t  with 

d i so rd e r s  of recep t ive  and express ive  a f f e c t i v e  in to n a t io n .

2. Disrupt ion of perception  and production of in tona t ion  need not 

n e c e s sa r i ly  be accompanied by d iso rde rs  in a f f e c t iv e  concept 

fo rmat ion.

3. D e f ic i t s  in perception  and production of in tona t ion  are  r e f l e c t e d  

in so c ia l  s t a t u s  post- trauma as measured by the  Vineland Social 

Matur ity  Scale.

4. There are  i d e n t i f a b l e  pa tho log ica l  p a t t e r n s  in a head trauma 

popula tion which increase  the  l ik e l ih o o d  of d e f i c i t s  in the  

pe rcep t ion  and product ion of in to n a t io n .

a) Right hemisphere pathology c o n t r ib u te s  to  d e f i c i t s  in both 

perception  and production: r i g h t  f r o n t a l  le s ions  are 

a ssoc ia ted  with production d e f i c i t ,  r i g h t  temporo-par ie ta l  

le s ions  are assoc ia ted  with percep tua l  d e f i c i t .

b) Brainstem compression (suggest ive  of secondary brainstem

in ju ry )  i s  r e l a t e d  to  d e f i c i t s  in th e  percep t ion  of

in to n a t io n .

B. Corol la ry  Hypotheses

1. I f  the  r i g h t  hemisphere c o n t r ib u te s  t o  the  percept ion  and

product ion of in tona t ion  then d e f i c i t s  in percept ion  and production 

should c o r r e l a t e  with scores on l a t e r a l i z e d  neuropsychological  

ins t ruments ,  i . e . ,  l e f t  Purdue Pegboard and aud i to ry  d ich o t ic  

l i s t e n i n g ,  l e f t  ea r  scores .



I f  product ion of in tona t ion  involves f r o n ta l  c o r t i c a l - s t r i a t a l  

c i r c u i t r y ,  then product ion scores  should c o r r e l a t e  with t e s t s  of  

a n t e r io r  func t ion ing  such as the  Purdue Pegboard.

I f  pe rcept ion  of in tona t ion  involves  the  c en t r a l  aud i to ry  pathways 

then perception  scores  should c o r r e l a t e  with t e s t s  which r e f l e c t  

the  i n t e g r i t y  of  those pathways such as aud i to ry  d ic h o t ic  l i s t e n i n g  

t a sk s .

I f  soc ia l  s t a t u s  pos t-t rauma as assessed by the  Vineland Social 

Maturity Scale i s  r e l a t e d  t o  the  perception  or product ion of 

in tona t ion  then so c ia l  s t a t u s  should a lso be r e l a t e d  to  the 

pathology co n t r ib u t in g  to  express ive  or recep t ive  d is tu rbance .

I f  s e v e r i t y  o f  in ju ry  c o r r e l a t e s  with d e f i c i t s  in percept ion  and 

production of i n to n a t io n ,  then percept ion  and product ion scores  

should c o r r e l a t e  with the  WAIS Performance I .Q.

Since the  ro l e  of the  GCS in long-term cogn i t ive  outcome i s  not 

s i g n i f i c a n t ,  GCS i s  not expected to  show a r e l a t i o n s h i p  to  outcome 

on the  percept ion  or production of in tona t ion .



-4 4 -

DATA ANALYSIS

Tests  of normali ty  were c a r r i e d  out f o r  a l l  numeric d a ta .  

Normality was assessed using th e  W s t a t i s t i c  (Shapiro and Wilk, 1975). 

Results  are  presented  in Table IV.

Differences  between p a t i e n t s  and normals f o r  pe rcep t ion  and 

production scores  were examined using a t - t e s t  f o r  the  d i f f e r n c e s  

between two means f o r  samples of unequal s i z e  (Guil ford  and Fruch te r ,  

1978).

Po ten t ia l  d i f f e r e n c e s  between p a t i e n t s  and normals on t e s t s  of 

a f f e c t i v e  concept format ion were examined in the  fo llowing way: the

prev a len t  answer ("Yes" o r  "No") f o r  each t e s t  item was summed across  

normal co n t ro l s  and rep resen ted  as a percen tage .  The percentage  of 

p a t i e n t s  who responded with t h a t  p re v a len t  answer f o r  normals was then 

c a l c u l a t e d .  A percentage  score  fo r  p a t i e n t s  and normals was thus  

obta ined f o r  each of the  48 i tems on the  a f f e c t i v e  c o n cep tu a l iz a t io n  

ta sk  (12 items each f o r  boredom, love,  hope and s u r p r i s e ) .  In order  to  

q uan t i fy  the  degree of s i m i l a r i t y  (or d i f f e r e n c e )  w i th in  a concept 

betwen p a t i e n t s  and normals,  Spearman c o r r e l a t i o n  c o e f f i c i e n t s  were 

u t i l i z e d  and t e s t e d  f o r  s i g n i f i c a n c e .  The underly ing measure f o r  each 

in d iv idua l  was in terms of a binomial response ("Yes", "No"). The 

percentage  d i s t r i b u t i o n s  descr ibed  above r e f l e c t  the  underlying binomial 

sums but i t  may not be reasonab le  t o  assume the  degree of d i sp e r s io n  of  

an i n te rv a l  measure. Therefore ,  an o rd ina l  measure was u t i l i z e d .

In the  ins tance  where a l l  p a t i e n t s  and normals agreed comple te ly  on 

a l l  items per concept,  a p l o t  of the  percentage  score  f o r  normals by the  

percentage  score  o f  p a t i e n t s  f o r  t h e  12 items would y i e ld  a s t r a i g h t
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l i n e  and a c o r r e l a t i o n  c o e f f i c i e n t  of u n i ty .  Any o ther  va lue would 

in d ic a te  how c lose  the  ac tua l  responses  f a l l  to  the  case of  p e r f e c t  

agreement ( r  = 1) .  I f  p a t i e n t s  and normals do not d i f f e r  with r e sp ec t  

t o  concept formation ,  Spearman c o r r e l a t i o n s  f o r  each o f  the  four  

a f f e c t i v e  words should be s t a t i s t i c a l l y  s i g n i f i c a n t  ( i . e . ,  r e p re se n t  

s t a t i s t i c a l l y  s i g n i f i c a n t  agreement in the  d e f i n i t i o n  of  a f f e c t i v e  

co n cep ts ) .

To eva lua te  the  r e l a t i o n s h i p  of soc ia l  s t a t u s  pos t - t rauma to  

d e f i c i t s  in the  pe rcept ion  and production of i n to n a t io n ,  Pearson 

c o r r e l a t i o n s  were c a r r i e d  out between the  Social Quotient (of  the  

Vineland Social Matur ity  Scale) and percept ion  and production sco res .

The a s so c ia t io n  of s p e c i f i c  pa tho log ica l  ind ices  to  pe rcep t ion  and 

product ion d e f i c i t s  was examined in the  following ways: p a t i e n t s  were

div ided in to  groups on the  b a s i s  of presence or absence o f  a p a r t i c u l a r  

pa tho log ica l  v a r ia b le  ( i . e . ,  brains tem compressed vs .  bra instem normal; 

presence of r i g h t  le s ion  on CT vs .  no r i g h t  le s ion  on CT, e t c . ) .  Means 

fo r  perception and production scores  f o r  the  various  groups were 

ca lc u la te d  and t - t e s t s  f o r  the  d i f f e r e n c e s  between two means were 

computed. Where t - t e s t s  ind ica ted  s i g n f i c i a n t  d i f f e r en c es  in  sco res  f o r  

d i f f e r e n t  pa tho log ica l  groups,  a r e l a t i o n s h ip  was presumed t o  e x i s t  

between pathology and th e  s p e c i f i c  performance t e s t e d .  C or re la t ion  

c o e f f i c i e n t s  were computed to  assess  the  s t reng th  of t h i s  presumed 

r e l a t i o n s h i p .  Pearson product-moment c o r r e l a t i o n s  were c a r r i e d  ou t  with 

a l l  continuous v a r i a b l e s .  Where "number of les ions"  was u t i l i z e d  as a 

v a r i a b l e ,  Spearman rank-order  c o r r e l a t i o n s  were computed. Compression 

of bra instem c i s t e r n s  was a t  times rep resen ted  as dichotomous d a ta  where
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0 = no compression and 1 = compression.  There i s  no reason t o  assume 

t h a t  in a la rge  popula tion the  degree of compression would not be 

normally d i s t r i b u t e d .  In t h i s  s i t u a t i o n ,  use of the  b i s e r i a l  r  i s

app rop r ia te  (Guilford  and F ruch te r ,  1978) and the  b i l a t e r a l  r  was 

u t i l i z e d  fo r  those  in s tances  in the  p re sen t  study.

To assess  the  r e l a t i o n s h ip  of production and percep t ion  scores  to  

t e s t s  of l a t e r a l i z e d  neuropsychological  f u n c t io n s ,  Performance I .Q . ,  and 

GCS sco res ,  Pearson product-moment c o r r e l a t i o n s  were employed.
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RESULTS

P a t ie n t s  are  poorer than normals in i d e n t i fy in g  a f f e c t i v e l y  intoned 

speech and in producing a f f e c t i v e l y  intoned speech. Dif ferences  between 

p a t i e n t s  and c o n t ro l s  reach s ig n i f i c a n c e  as seen in Table V. 

Furthermore, p a t i e n t s  whose educa t iona l  leve l s  c lo se ly  match the 

c o n t r o l s '  do not d i f f e r  from the  remainder of the  p a t i e n t s  in perception  

or production of vocal in tona t ion  (Table V). This in d ic a te s  t h a t  

educational level  i s  not co n t r ib u t in g  to  the  poorer scores in the  two 

p a t i e n t  groups.

Zero order c o r r e l a t i o n s  ind ica te  t h a t  n e i th e r  age,  education nor 

time from in ju ry  are c o r r e la t e d  with percept ion  or product ion scores 

(Table VI). Perception and production of a f f e c t i v e l y  intoned speech, 

however, c o r r e l a t e  with one another ( r  = .55 ,  p < .01) in p a t i e n t s .

Affec t ive  concept formation does not d i f f e r  between p a t i e n t s  and 

normals in the  p resen t  s tudy. Table VII p re sen ts  Spearman c o r r e l a t i o n  

c o e f f i c i e n t s  between p a t i e n t  and con tro l  responses  fo r  s u r p r i s e ,  

boredom, love and hope. C or re la t ions  are  s i g n i f i c a n t  f o r  a l l  four 

words, in d ic a t in g  s i g n i f i c a n t  agreement between p a t i e n t s  and normals in 

the  d e f i n i t i o n s  of a f f e c t i v e  concepts .

Figures 1 through 4 v i s u a l ly  r ep re sen t  the  ex ten t  of agreement 

with in  and between p a t i e n t s  and co n t ro l s  in desc r ib ing  h ighe r -o rder  

a f f e c t iv e  concepts .  Congruence between p a t i e n t s  and c o n t ro l s  d i f f e r ed  

by more than 20% in only 8 of the  48 t o t a l  items (17%).

The Social Quotient,  derived from the Vineland Social Matur ity  

Scale was examined in r e l a t i o n  to  the  pe rcept ion  and production of 

in to n a t io n .  The c o r r e l a t i o n  of the  Social Quotient with percep t ion  of
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in to n a t io n  i s  s i g n i f i c a n t  while  the  c o r r e l a t i o n  with production of  

in to n a t io n  i s  not (see  Table XVI).

The d i s t r i b u t i o n  of l e s io n s  f o r  the  22 p a t i e n t s  whose CT da ta  was 

a v a i l a b le  a re  l i s t e d  below. The p a t t e r n  of pa th logy  i s  as fo l low s :  

f r o n t a l  l e s io n s  occur with the  h ighes t  frequency (11/22 or  50%). Five 

out  of twenty-two p a t i e n t s  (23%) p resen ted  with b i l a t e r a l  f r o n t a l

l e s i o n s .  Seven out of twenty-two (32%) p resen ted  with a temporal or  

tem poro -pa r ie ta l  l e s i o n .  O cc ip i t a l  l e s io n s  were r a r e  (4%). Eight 

p a t i e n t s  (36%) had compressed brainstem c i s t e r n s  on CT scans .  Eleven 

p a t i e n t s  (50%) showed mid line  s h i f t .  Four p a t i e n t s  had no CT les ion  

with marked neuropsychological  d e f i c i t ,  i n d i c a t in g  d i f f u s e  c e reb ra l  

i n j u r y .  These p a t t e r n s  o f  pa thology are  p resen ted  in Table VIII .

Tables IX and X re p re se n t  le s ion  d i s t r i b u t i o n s  f o r  average versus  

d e fe c t iv e  scores  on pe rcep t ion  and production  of in to n a t io n .  Visual

in spec t ion  of t h i s  d a ta  i n d i c a t e s  t h a t  p a t i e n t s  with 

b o r d e r l i n e /d e f e c t iv e  pe rcep t ion  scores  have,  as a group, a high

incidence  of compressed bra instem c i s t e r n s  while those  with 

b o r d e r l i n e / d e f e c t i v e  production scores  have,  as a group, a high

incidence  o f  r i g h t  f r o n t a l  l e s io n s  and midl ine  s h i f t .  P a t i e n t s  with no 

CT le s io n s  ( i . e . ,  d i f f u s e  i n j u r i e s )  can ob ta in  e i t h e r  d e f e c t iv e  

pe rcep t ion  or production sco res .

P a t i e n t s  were d ivided i n to  those  with presence of r i g h t  hemispheric 

l e s ion  on CT and those  without in order  to  observe th e  e f f e c t  of a r i g h t  

l e s io n  on the  pe rcep t ion  and production  of a f f e c t i v e l y  intoned speech. 

F i f te en  p a t i e n t s  had a documented r i g h t  c e reb ra l  l e s io n .  Eleven of 

t h e se  f i f t e e n  (73%) had le s io n s  in the  r i g h t  f r o n t a l  a rea .  T - t e s t s
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in d ic a ted  t h a t  the  presence of  a r i g h t  le s ion  on CT (n = 15) was 

a s so c ia te d  with a s i g n i f i c a n t l y  lower mean production o f  in to n a t io n  

s co re .  This r e l a t i o n  did not hold f o r  pe rcep t ion  of  in to n a t io n  (see  

Table XI). Zero order  c o r r e l a t i o n s  confirmed t h i s  f in d in g ,  the  number 

o f  r i g h t  l e s io n s  on CT c o r r e l a t e d  with production scores  (p < .0 1 ) ,  but 

not with pe rcep t ion  sco res .  The number of l e f t  l e s io n s  did not 

c o r r e l a t e  with e i t h e r  pe rcep t ion  or p roduc t ion .

To f u r t h e r  explore  the  r e l a t i o n s h i p  between production scores  and 

l e s io n s  wi th in  the  r i g h t  hemisphere, p a t i e n t s  were divided in to  those 

with d e f e c t i v e / b o r d e r l i n e  production scores  and those  whose sco res  were 

w i th in  the  average range (Table XII) .  T - t e s t s  ind ica ted  t h a t  the  group 

with  b o rd e r l in e  to  d e fe c t iv e  production scores  had a s i g n i f i c a n t l y  lower 

mean score  on th e  Purdue Pegboard, l e f t  hand (but not on Purdue r i g h t ) .  

The groups did not s i g n i f i c a n t l y  d i f f e r  on Dichotic  Lis ten ing  scores  fo r  

the  l e f t  e a r .  Result s  in d i c a t e  t h a t  the  presence of  a r i g h t  le s ion  and 

fu r thermore  the  presence of  fun c t io n a l  impairment on a r i g h t  hemispheric 

a n t e r i o r  t a sk  (Purdue Pegboard,  l e f t  hand) are  a ssoc ia ted  with 

p roduction d e f i c i t s .

In o rde r  t o  explore  the  p a t t e r n s  of pa thology observed in Table IX 

and t h e i r  r e l a t i o n  to  pe rcep t ion  of  in to n a t io n ,  p a t i e n t s  were divided 

i n to  those  with normal bra ins tem c i s t e r n s  and those  with compressed 

c i s t e r n s  and the  means f o r  these  two groups were compared across  var ious  

dimensions (Table X I I I ) .  The two groups of p a t i e n t s  did not d i f f e r  in 

age o r  educa t iona l  l e v e l .  P a t i e n t s  with compressed bra instem c i s t e r n s  

had s i g n i f i c a n t l y  lower pe rcep t ion  scores  than those  whose c i s t e r n s  were 

normal. This r e l a t i o n  did  not hold f o r  production  s co re s ,  which were
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not d i f f e r e n t  between groups.  P a t i e n t s  with compressed c i s t e r n s  a lso  

performed more poorly  on aud i to ry  d ic h o t i c  l i s t e n i n g  in  the l e f t  ea r  and 

on a t e s t  o f  f i n e  motor coo rd ina t ion  in th e  l e f t  hand. There i s  no such 

r e l a t i o n  with r i g h t  e a r  and r i g h t  hand ta sk s  on these  t e s t s .  WAIS 

Performance I .Q. was s i g n i f i c a n t l y  lower in the  group of  p a t i e n t s  with 

compressed c i s t e r n s .  WAIS Verbal I .Q. d id  not d i f f e r  between the  two 

groups of  p a t i e n t s .  F in a l ly ,  p a t i e n t s  with compressed c i s t e r n s  have,  as 

a group, g r e a t e r  mid line  s h i f t  than those  with normal c i s t e r n s .  

S ig n i f i c a n t  c o r r e l a t i o n s  confirmed th e  r e l a t i o n s  between bra instem 

compression and Dichot ic  L is ten ing  Left  Ear,  Purdue Pegboard Lef t  Hand, 

Performance I .Q . ,  s h i f t  s i z e  and percep t ion  of  in to n a t io n .

The e ig h t  p a t i e n t s  with compressed bra ins tem c i s t e r n s  were f u r t h e r  

subdivided in to  those  with c i s t e r n s  absen t  (n = 3) and those  with 

c i s t e r n s  compressed (n = 5 ) .  On pe rcep t ion  of  vocal in to n a t io n ,  

p a t i e n t s  with c i s t e r n s  absent ( g r e a t e s t  p r e s s u r e ,  worst  c l i n i c a l  s t a t u s )  

perform most poor ly ,  X = 25.66 + 4 .93 ,  those  with c i s t e r n s  compressed 

perform b e t t e r ,  X = 32.20 + 9.67,  and those  with normal c i s t e r n s  perform 

b e s t ,  X = 39.28 + 10.47. See Tables XIV and XV. (The pe rcep t ion  means 

between c i s t e r n s  absent and compressed do not reach s i g n i f i c a n c e ,  

however, mean percep t ion  scores  f o r  both c i s t e r n s  compressed and 

c i s t e r n s  absen t  d i f f e r  s i g n i f i c a n t l y  from the  mean percep t ion  score  in 

th e  normal c i s t e r n  group.)  The p a t t e r n  observed f o r  pe rcep t ion  of 

in to n a t io n  i s  c lo s e ly  followed by performance on d ic h o t i c  l i s t e n i n g  in 

the  l e f t  e a r :  c i s t e r n s  absent group = wors t  s co res ,  c i s t e r n s  normal =

b e s t  s co res .  Performance I .Q . ,  Purdue Pegboard Lef t  Hand and s h i f t  s i z e  

do no t ,  however, fo llow t h i s  p a t t e r n .  Pearson c o r r e l a t i o n s  of bra instem
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s t a t u s  (absen t ,  compressed, normal) with both pe rcep t ion  and d ic h o t i c  

l i s t e n i n g  l e f t  ea r  were s t a t i s t i c a l l y  s i g n f i c i a n t  (Table XV). Results  

in d ic a te  an i n t e r r e l a t i o n s h i p  between brains tem i n t e g r i t y ,  r i g h t  

hemispheric aud i to ry  p ro je c t io n s  and the  percep t ion  of  in to n a t io n .

The Social  Quotient derived from the  Vineland Social Maturi ty Scale 

was examined in r e l a t i o n  to  brainstem compression and presence of r i g h t  

f r o n t a l  pathology. This a n a ly s i s  was c a r r i e d  out i t  order  t o  explore  

the  quest ion of which p a t i e n t s  may be a t  g r e a t e r  r i s k  f o r  s o c i a l -  

occupationa l d i s a b i l i t y .

T - t e s t s  (Table XVI) in d ic a te  t h a t  the  mean Social  Quotient score is  

s i g n i f i c a n t l y  lower in p a t i e n t s  whose brainstem c i s t e r n s  were compressed 

or  absent.  (The c o r r e l a t i o n  of the  Social Quotient with percept ion  of 

in tona t ion  i s  a lso  s i g n i f i c a n t  as mentioned e a r l i e r . )  The mean Social 

Quotient scores  f o r  p a t i e n t s  who p resen t  with r i g h t  f r o n t a l  l e s io n s  on 

CT do not d i f f e r  s i g n f i c a n t l y  from those who do. (The c o r r e l a t i o n  of 

the  Social Quotient with production of in tona t ion  i s  a lso  not 

s i g n i f i c a n t  as mentioned b e fo re ) .  C or re la t ions  confirmed the  p a t t e rn s  

repor ted  above, i . e . ,  c o r r e l a t i o n s  of the  Social Quotient with brains tem 

compression and with number of r i g h t  le s ions  on CT were s i g n i f i c a n t ,  

while the  c o r r e l a t i o n  with number of l e f t  le s ions  was not (Table XVII). 

Resul ts  suggest  t h a t  p a t i e n t s  who have bra instem compression and 

a ssoc ia ted  perceptual in to n a t io n a l  d i f f i c u l t i e s  as p a r t  of t h e i r  c l u s t e r  

of sequelae are  more l i k e l y  t o  have d i f f i c u l t y  in so c ia l  and 

occupationa l adjustment pos t- trauma.

Perception and production scores  were c o r r e l a t e d  with Performance 

I .Q. to  determine whether d e f i c i t s  are r e l a t e d  to  s e v e r i t y  of i n ju r y .
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Percept ion scores  show a c o r r e l a t i o n  of  b o rd e r l in e  s ig n i f i c a n c e  with PIQ 

( r  = .36,  p < .0 6 ) .  In g e n e r a l ,  in to n a t io n a l  d i f f i c u l t i e s  a re  weakly

r e l a t e d  to  s e v e r i t y  of i n ju r y .

The r o l e  of lowest GCS in  p re d i c t i n g  outcome in pe rcep t ion  and

production of  in to n a t io n  was a l so  examined. Table XVIII p re sen t s  the

mean GCS scores  f o r  p a t i e n t s  div ided in to  four  c a t e g o r i e s :  1)

b o r d e r l i n e / d e f e c t i v e  Perception sco res ,  2) average/low average 

Perception s co res ,  3) b o r d e r l i n e / d e f e c t i v e  Production s c o r e s ,  4)

average/ low average Production s co r e s .  The means and s tandard  

d e v ia t io n s  o f  GCS scores  f o r  a l l  four groups a re  remarkably s im i l a r

in d ic a t in g  t h a t  c l a s s i f i c a t i o n  o f  p a t i e n t s  based on GCS score  i s  not

s u f f i c i e n t  t o  d i f f e r e n t i a t e  performance on the  Production and Perception 

t e s t s .  T - t e s t s  between the  groups show no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s .
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DISCUSSION

The r e s u l t s  of the  p resen t  study in d ic a te  t h a t  both percep t ion  and 

production of in tona t ion  may be impaired in moderately and seve re ly  head 

in ju red  p a t i e n t s  while conceptual i d e n t i f i c a t i o n  of a f f e c t  remains 

i n t a c t  f o r  the  group as a whole. This in d ic a te s  t h a t  the  observed

d iso rd e r s  of prosody are  of a sensory and motor n a tu re .  Ross and

Mesulam (1979) have repor ted  s im i la r  f in d in g s .  Heilman and Valenstein 

(1979) r e p o r t  t h a t  p a t i e n t s  with r i g h t  hemisphere damage do not

n e c e s s a r i l y  lose  the  concept of what d i f f e r e n t  emotions mean, c i t i n g  a 

study where p a t i e n t s  could not i d e n t i f y  the  same words presented  with 

d i f f e r e n t  tonal contours as "same" or " d i f f e r e n t "  y e t  were able  to

c l e a r l y  i d e n t i f y  the  intended emotions expressed in s t o r i e s  read without  

a f f e c t i v e  i n to n a t io n .  However, one would expect to  see d i f f i c u l t i e s  in 

concept formation in moderately and s eve re ly  head- in ju red  p a t i e n t s  by 

v i r t u e  of the  ex ten t  of  impairment to  the  f r o n t a l  lobes ,  mentioned

e a r l i e r .  An a l t e r n a t i v e  explana t ion  f o r  th e  lack of observed 

d i f f e r e n c e s  between p a t i e n t s  and normals may be t h a t  the  p resen t  t e s t  

served as an a f f e c t i v e  vocabulary t e s t  t h a t  tapped overlearned

d e f i n i t i o n s  of a f f e c t i v e  concepts .  This may have rendered i t  l e s s

vu lnerab le  to  the  e f f e c t s  of head trauma. The observed d e f i c i t s  in

percep t ion  and product ion of in tona t ion  can be p e r s i s t e n t  sequelae  and 

were,  in some p a t i e n t s ,  observed as l a t e  as one or two years  p o s t ­

trauma. The f a c t  t h a t  the  pe rcept ion  and production of  a f f e c t i v e l y  

intoned speech do not c o r r e l a t e  with educa t iona l  leve l  implies  t h a t  

th e se  t a sks  r e q u i re  a spec ia l  i n t e g r a t i v e  s k i l l  t h a t  i s  not r e a d i l y  

a v a i l a b le  t o  the  head trauma p a t i e n t .
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In the  p resen t  sample of p a t i e n t s ,  product ion of  in tona t ion  was 

r e l a t e d  t o  the  presence of  r i g h t  hemispheric l e s i o n s .  F unc t iona l ly ,  

p a t i e n t s  whose production scores  f a l l  in  the  bo rd e r l in e  to  d e fe c t iv e  

range had s i g n i f i c a n t l y  lower Purdue Pegboard Left  Hand scores  than 

those  with normal p roduct ion ,  impl ica t ing  r i g h t  f r o n t a l  a rea  involvement 

or i n t e r r u p t io n  of  f i b e r  pathways t o  t h a t  a rea .  Perception of 

in to n a t io n  was r e l a t e d  t o  brains tem compression.  Compression of 

brains tem c i s t e r n s  a lso  coincided c lo se ly  with performance on a d ic h o t ic  

l i s t e n i n g  ta sk  f o r  l e t t e r s  in the  l e f t  e a r .  This f ind ing  suggests  t h a t  

aud i to ry  pathways leading t o  the  r i g h t  hemisphere were i n t e r f e r e d  with 

in the  brainstem group. Both the  percep t ion  and production of 

in tona t ion  could be r e l a t e d  in these  p a t i e n t s  to  r i g h t  hemispheric 

func t ion ing  and support  the  l i t e r a t u r e  on prosodic  d e f i c i t s  in CVA and 

tumor p a t i e n t s .  In a d d i t io n ,  d i c h o t i c  l i s t e n i n g  s tu d ie s  in normals have 

suggested t h a t  the  i n t a c t  r i g h t  hemisphere p a r t i c i p a t e s  in the 

percep t ion  of prosody. A l e f t  e a r  advantage was repor ted  f o r  the  

pe rcep t ion  of in tona t ion  in sentences f i l t e r e d  o f  l i n g u i s t i c  content 

(Blumstein and Cooper, 1974). In t h i s  t a s k ,  su b jec t s  were r equ i red  to  

d i s c r im in a te  a sta tement from a quest ion by in to n a t io n a l  p a t t e r n .  In 

d ic h o t i c  s tu d ie s  where su b jec t s  were required  to  remember the  grammatic 

s t r u c t u r e  of a sentence (when grammatic elements were ind ica ted  by 

prosody) a r i g h t  ear  advantage was repor ted  (Zur i f  and Mendelsohn, 1972; 

Zur i f  and S a i t ,  1970). This l a t t e r  task  may be more " l i n g u i s t i c "  thus 

involv ing the  l e f t  hemisphere.

D e f ic i t s  in the  pe rcep t ion  and production of  prosodic  f e a t u r e s ,  

both p ropo s i t io n a l  and emotiona l,  have been i d e n t i f i e d  not only in
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s t ro k e  and tumor p a t i e n t s  but in severa l  o the r  d i s t i n c t  p opu la t ions .  

Regardless of e t i o lo g y  and f e a tu r e s  s p e c i f i c  to  th e se  various  syndromes 

th e r e  i s  a common denominator of  s o c i a l  awkwardness, problems in 

r e l a t i n g  t o  o t h e r s ,  and of l a t e r a l i z i n g  neurologic  or neuropsychologic 

s ig n s .

The p a t t e r n  of abnormal behavior termed Asperger ' s  syndrome (Wing, 

1981) was f i r s t  descr ibed  in 1944. The condi t ion  becomes n o t iceab le  

around the  t h i r d  yea r  of l i f e  o r  l a t e r  and i s  more common in males than 

females .  The onset  of  walking i s  g e n e r a l ly  delayed in th e se  c h i ld r e n .  

In e a r ly  development, t h e r e  i s  a lack of the  urge to  communicate in 

babble ,  g e s tu r e ,  movement, smil ing o r  laugh te r  t h a t  i s  c h a r a c t e r i s t i c  of  

the  normal baby or t o d d le r .  La te r  language may be c h a r ac te r i z ed  by a 

d i f f i c u l t y  in using pronouns.  Stereotyped speech or  the  invention  of 

words may be noted ,  th e  o v e ra l l  impression being t h a t  of  a p e cu l i a r  

speech with abnormal c o n ten t .  Subtle verbal jokes  may not be 

unders tood. Vocal in to n a t io n  i s  u s u a l ly  monotnous or exaggera ted .  

Gestures may be l im i ted  or clumsy and in ap p ro p r ia te  t o  the  accompanying 

speech. Comprehension of o th e r  p e o p le ' s  express ions  i s  poor and non­

verbal s igns  may be ignored or m i s in t e r p r e t e d .  Social  i n t e r a c t i o n  i s  

g e n e r a l ly  impaired s ince  the  person with Asperger ' s  syndrome does not 

have th e  i n t u i t i v e  knowledge of  how to  adapt h i s  approaches or responses  

t o  th e  s ig n a l s  given by o th e rs  ( th e  complex, c o n s ta n t ly  changing signs  

of  vo ice ,  g e s tu r e ,  p o s tu re ,  movement, eye c o n ta c t ,  proximity  t o  o t h e r s ,  

t h a t  give in format ional cues ) .  Asperger ' s  syndrome tends  t o  occur in 

f a t h e r s  of those  with the  d i s o rd e r  and i s  be l ieved  to  be g e n e t i c a l l y  

t r a n s m i t t e d .  I t  may a l so  be found in c h i ld ren  or a d u l t s  with a h i s t o r y
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of  p r e - ,  p e r i - ,  or p o s t - n a t a l  c ond i t ions  (such as anoxia) which may have 

caused ce reb ra l  damage. Neuropsychological  assessments have revea led  

t h a t  v i s u o - s p a t i a l  a b i l i t i e s  are  impaired r e l a t i v e  t o  express ive  speech.

A s i m i l a r ,  and p o s s ib ly  ove r lapp ing ,  syndrome i s  t h a t  of 

developmental l ea rn ing  d i s a b i l i t i e s  descr ibed  by Weintraub and Mesulam 

(1983).  Persons who f a l l  in to  t h i s  behavioral  p a t t e r n  a re  again 

c h a r ac te r i z ed  by shyness,  so c ia l  awkwardness, in te rp e r so n a l  

d i f f i c u l t i e s ,  v i s u o - s p a t i a l  d i s tu rbances  and inadequate  p a r a l i n g u i s t i c  

communicative a b i l i t i e s .  These c h a r a c t e r i s t i c s  occurred to g e th e r  with 

neuro log ic  evidence o f  r i g h t  hemispheric dysfunc t ion .  P a t i e n t s  

descr ibed  by Weintraub and Mesulam were r e f e r r e d  f o r  eva lu a t io n  due to  

e i t h e r  academic f a i l u r e  a t  the  co l lege  l e v e l ,  i n a b i l i t y  to  f in d  

employment, or  behavioral  d i s tu rb a n c e s .  Many complained of chronic  

depress ion  or extreme shyness.  Most p a t i e n t s  avoided eye con tac t  and 

had awkward ge s tu res  accompanying speech. Speech prosody was descr ibed  

as " f l a t "  or " a ty p ica l"  and a l l  p a t i e n t s  examined (n=14) had 

d i f f i c u l t i e s  with r e p e t i t i o n ,  e l i c i t e d  production and percep t ion  of  both 

a f f e c t i v e  and n o n -a f f e c t iv e  prosody. This behavioral  syndrome begins 

e a r l y  in l i f e  and most p a t i e n t s  r e p o r te d  l i f e lo n g  emotional and 

in te rp e r so n a l  problems. Furthermore,  as with Asperger ' s  syndrome, a 

prevalence  of these  phenomena was seen in the  f a m i l ie s  o f  p a t i e n t s .  The 

e t i o l o g i e s  o f  the  d i so rd e r  in th e se  p a t i e n t s  co n s i s ted  o f  e i t h e r  

i n f a n t i l e  hemiplegia  a f f e c t i n g  th e  l e f t  s ide  of  th e  body, p e r i n a t a l  

s t r e s s ,  s i e z u re  d i so rd e r  of  e a r l y  o n se t ,  o r  gen e t i c  p r e d i s p o s i t i o n  due 

t o  family  h i s t o r y .  Neurologic f in d in g s  in these  p a t i e n t s  g e n e r a l ly  

in d ic a ted  some form of motor abnormality  on the l e f t  s ide  of the  body.
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For example, on timed motor t a s k s ,  movements with the  l e f t  hand were 

slower than with the  r i g h t .  Neuropsychologic assessments ind ica ted  t h a t  

p a t i e n t s  had higher Verbal than Performance I . Q . ' s  on th e  Wechsler Adult 

In t e l l i g e n c e  Scale.  Subtes ts  of scores  ind ica ted  a g re a te r  f a c i l i t y  

with verbal t a sk s  such as Vocabulary and d i f f i c u l t y  with Block Design 

and Oject Assembly. Verbal memory was almost always super io r  to  non­

verbal memory, which was genera l ly  moderately to  seve re ly  impaired.  The 

case  r e p o r t s  in Weintraub and Mesulam's paper (1983) sugges t  t h a t  the 

c l u s t e r  of a b i l i t i e s  c o n s i s t in g  of  v i s u o - s p a t i a l  s k i l l s ,  modulation of 

a f f e c t  and p a r a l i n g u i s t i c  communication, when d y s func t iona l ,  produces a 

r e a l  b a r r i e r  to  communicative competence and soc ia l  a d ap ta t io n .  Bryan

(1977) has s tudied  learn ing  d isab led  c h i ld ren  and found t h a t  these  

ch i ld ren  are  le s s  accura te  than t h e i r  normal peers  in the  percep t ion  of 

non- verbal communication as t r a n sm i t te d  by tone of voice and body 

pos tu re .  He suggests t h a t  al though the  inadequate so c ia l  adjustment of  

the  learn ing  d isab led  c h i ld  i s  g e n e ra l ly  believed  to  be due to  academic 

f a i l u r e  and subsequent lowered s e l f - c o n f id e n c e ,  a s i g n i f i c a n t  

co n t r ib u t in g  f a c t o r  may be an i n s e n s i t i v i t y  t o  so c ia l  cues.  

M is in t e rp re t a t io n s  a f f e c t  a c h i l d ' s  subsequent response which in tu rn  

a f f e c t s  how a learn ing  d isab led  ch i ld  i s  perceived by peers and 

te a c h e r s .  Head trauma p a t i e n t s  have embedded wi th in  t h e i r  p o s t -  

traum at ic  sequelae  the symptoms observed in learn ing  d i s a b i l i t i e s  

sugges t ive  of r i g h t  hemispheric dysfunc t ion ,  and r i g h t  hemispheric 

s t roke  and tumor p a t i e n t s .

P a t i e n t s  with r i g h t  hemispheric dysfunc t ion ,  p a r t i c u l a r l y  those 

with developmental l earn ing  d i s a b i l i t i e s ,  are  c h a rac te r ized  by so c ia l
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d i s a b i l i t y .  The p resen t  da ta  in d ic a te s  t h a t  those  p a t i e n t s  who have 

d i f f i c u l t y  with pe rcep t ion  of in tona t ion  and had brainstem compression 

have a poorer socio-occupat ional  s t a t u s  pos t- trauma.  I t  i s  impor tant to  

no te  t h a t  bra instem compression i s  assoc ia ted  with g r e a t e r  ove ra l l  b ra in  

pathology in head trauma p a t i e n t s .  I t  c o r r e l a t e s  s i g n i f i c a n t l y  with 

s h i f t  s ize  and with the  WAIS Performance I .Q. both of which r e f l e c t  the 

s e v e r i t y  o f  pa tho log ica l  changes subsequent to  trauma. Performance I .Q. 

i s  dependent on the  in t e g r a t i o n  of a wide range of cerebra l  a c t i v i t i e s  

and i s  a f fec ted  by such f a c to r s  as mot iva t ion ,  a t t e n t i o n ,  speed of 

performance and the a b i l i t y  t o  organize  complex ta sks  over time ( Jenne t t  

and Teasdale,  1981).  Thus, Performance I .Q. in a head trauma p a t i e n t  i s  

not a l a t e r a l i z i n g  t e s t  but a t e s t  of o v e ra l l  ce reb ra l  e f f i c i e n c y .  

Poorer socio-occupat ional  s t a t u s  in these  p a t i e n t s  may be due to  the  

f a c t  t h a t  they have sus ta ined  a more se r ious  i n ju r y .  In s p i t e  of the 

a s so c ia t i o n  of brains tem compression with o v e ra l l  pathology, th e re  i s  

enough evidence to  l ink  brains tem compression t o  r i g h t  hemispheric 

func t ions  such as the  d ic h o t ic  l e f t  ea r  ta sk  and the  Purdue l e f t  hand 

t a s k .  Table X ind ica ted  t h a t  p a t i e n t s  with compressed c i s t e r n s  had, as 

a group, s i g n i f i c a n t l y  lower Purdue l e f t  hand and d ic h o t i c  l e f t  ea r  

scores  than p a t i e n t s  with normal c i s t e r n s .

One can view de fec t ive  pe rcept ion  of in tona t ion  as only one symptom 

embedded wi th in  many in p a t i e n t s  whose i n j u r i e s  are  severe enough to  

cause b ra in  swell ing t h a t  compresses the  bra ins tem. In such c a s e s ,  most 

ce rebra l  areas  are  a f f e c t e d .  Compression of the  brainstem can e a s i l y  

produce secondary ischemic damage. Tomlinson (1970) r e p o r t s  t h a t  

downward displacement of the  bra instem produces s t r e t c h i n g  and
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consequently haemorrhages t h a t  are  m id l ine ,  u su a l ly  in the  upper pons 

and throughout the  midbrain and pontine  tegmentum. Ischemia may 

subsequently  occur.  Axonal damage i s  f r e q u e n t ly  seen,  p a r t i c u l a r l y  in 

the  mid and r o s t r a l  pons and the  midbrain.  Downward displacement 

produces marked e longa t ion ,  d i s t o r t i o n ,  and s t r e t c h i n g  of the  midbrain 

and of ten  of the  thalamus and hypothalamus (Tomlinson, 1970). 

There fore ,  f i b e r s  in the  bra instem and hypothalamic areas  (areas  

invloved in arousal and v i s c e r a l ,  a f f e c t i v e  responses  to  the  

environment),  are  e a s i l y  d is rup ted  with bra instem compression.  Taylor 

(1967) has ind ica ted  t h a t  damage to  c ra n ia l  nerve nucle i  i s  common when 

the  head i s  f lexed during i n ju r y .  In t h i s  case ,  conduction in the  

a ud i to ry  nerve may be impaired.  Furthermore, the  cochlea possesses  an 

ex tens ive  network of blood vese ls  t h a t  supply i t s  oxygen requirement and 

th e  cochlear a r t e r y  i s  derived from a branch of the  b a s i l a r  a r t e r y  

(Dirks,  1978). With bra instem compression and s t e n o s i s  of the  b a s i l a r  

a r t e r y ,  the  cochlear  blood supply may be reduced having an e f f e c t  on 

a ud i to ry  p rocess ing .  Compression and displacement o f ten  include 

thalamic  f i b e r s  as mentioned above. In such a case ,  aud i to ry  process ing 

in the  medial g en icu la te  body may be d i s ru p te d .  In summary, th e re  i s  

ample evidence t h a t  brainstem compression i n t e r r u p t s  the  func t ion ing  of  

f i b e r  systems wi th in  the  c e n t r a l  aud i to ry  system and f i b e r  systems 

c r i t i c a l l y  involved in arousal and a f f e c t i v e  response .

In te r r u p t io n  of  acous t ic  pathways due t o  brainstem compression 

however does not expla in  the  l a t e r a l i z i n g  p a t t e r n  observed, i . e . ,  the  

s e l e c t i v e  r e l a t i o n  of compressed brainstem c i s t e r n s  t o  Purdue l e f t  hand 

and d ic h o t i c  l e f t  ea r  t a s k s .  An add i t iona l  s e t  of  assumptions are
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needed to  expla in  t h i s  phenomenon. One explanation  may be t h a t  r i g h t  

c o r t i c a l  reg ions  have p a r t i c u l a r l y  r i ch  in te r -connec t ions  to  su b co r t ica l  

r e g io n s .  This notion f i r s t  emerged i n t u i t i v e l y  from knowledge of  the  

p a r t i c i p a t i o n  of s u b co r t ic a l  l imbic pathways in emotion and subsequent 

r e sea rch  l ink ing  the  cogn i t ive  func t ions  of t h e  r i g h t  hemisphere with 

a f f e c t i v e  behavior .  Recent s tud ies  have f u r t h e r  sp ec i f ie d  t h i s  

c o r t i c a l - s u b c o r t i c a l  r e l a t i o n s h i p .  Robinson (1979) has demonstrated 

t h a t  r i g h t  but not l e f t  hemispheric l e s io n s  produce hyperact ive  

em ot iona l i ty  and a l t e r  b ra in  l e v e l s  of catecholamine n e u ro t ra n sm i t t e r s .  

Right hemispheric i n f a r c t i o n s  in r a t s  led t o  s i g n i f i c a n t  dep le t ions  of 

norepinephrine  in the  lesioned  cor tex  and brainstem (locus  coeru leus)  

and s i g n i f i c a n t  dep le t ions  of dopamine in th e  s u b s t a n t i a  n ig ra .  Left  

le s ions  had no e f f e c t  on any b ra in  reg ion  s tu d ie d .  Robinson concludes 

t h a t  an underlying anatomical or phys io log ica l  asymmetry e x i s t s  in the  

b ra in  and t h a t  norepinephrine and dopamine-containing pathways are  

d i f f e r e n t  on the  two s ides  of the  b r a in .  Oke, K e l l e r ,  Medford and Adams

(1978) have shown t h a t  th e  d i s t r i b u t i o n  of norepinephrine  in human 

thalamus i s  l a t e r a l i z e d .  The somatosensory input area  of  the  r i g h t  

thalamus (VPL-VPM) has a h igher  concen t ra t ion  of t h i s  catecholamine.  

Assoc ia t ion  of the  r i g h t  hemisphere with autonomic processes  have a l so  

been made. Davidson (1978) has repor ted  t h a t  l e f t -h a n d  f in g e r  tapping 

can more accu ra te ly  p a r a l l e l  h e a r t  bea ts  than r igh t -hand  tapping.

The l a t e r a l i z a t i o n  of norepinephrine systems i s  c a r r i e d  a s tep  

f u r t h e r  by hypotheses t h a t  norepinephrine-mediated arousal  may be 

p a r t i c u l a r l y  i n f l u e n t i a l  on the  r i g h t  hemisphere (Tucker,  1981). ECT 

therapy f o r  depress ion i s  be lieved  to  inc rease  b ra in  norepinephrine  as
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well  as f a c i l i t a t e  r i g h t  hemisphere a c t i v a t i o n  (Tucker, 1981, Kronfol e t  

a l . ,  1978). Norepinephrine-mediated arousal from t r i c y c l i c

a n t id e p re s s a n t  medicat ions  was a ssoc ia ted  with a s p e c i f i c  e f f e c t  on th e  

r i g h t  hemisphere. Depressed ch i ld re n  evalua ted  neuropsycholog ica l ly  

before  and a f t e r  t r i c y c l i c  t r e a tm en t  showed improvement in r i g h t  but not 

l e f t  hemisphere c o g n i t iv e  performance (Brumback, Sta ton and Wilson, 

1980).  There indeed appears t o  be a sp ec ia l  r e l a t i o n s h i p  between r i g h t  

hemispheric fu nc t ion ing  and the  d i s t r i b u t i o n  and supply o f  the  

noradrenerg ic  system.

The importance of  norep inehr ine  f o r  r i g h t  hemsipheric p rocess ing  and 

the  l a t e r a l i z a t i o n  o f  the  norepinephr ine  system allow f o r  th e  

development of  a model of a f f e c t i v e  p rocess ing  of informat ion which 

involves the  bra ins tem. There i s  evidence t h a t  axons from th e  same 

adrenerg ic  neurons in the  bra instem may be d i s t r i b u t e d  t o  c e r e b r a l ,  

hippocampal and c e r e b e l l a r  c o r t i c e s  as well as t o  th e  hypothalamic 

reg ion  (Kety,  1970). This p a t t e r n  of d i s t r i b u t i o n  i s  of  i n t e r e s t  

because a s t a t e  of arousal by means of simultaneous adrenerg ic  input to  

each could serve t o  r e i n f o r c e ,  c o n so l i d a t e ,  or i d e n t i f y  s i g n i f i c a n t  

sensory  p a t t e r n s ,  t h e i r  a f f e c t i v e  a s s o c i a t i o n s  and th e  motor programs 

necessary  in  ca r ry ing  out an a p p ro p r ia te  response  t o  the  s t im u lus .  This 

anta tomical/neurochemical model can be app l ied  t o  the  p e rcep t ion  of  

in to n a t io n .  Noradrenergic a c t i v a t i o n  in response to  an a f f e c t i v e l y  

intoned sentence  wi l l  s im ul taneous ly  invo lve :

a) the  hippocampus - where presumably the  memory f o r  the  

p a r t i c u l a r  in to n a t io n a l  contour  and i t s  a f f e c t i v e  a s s o c i a t i o n s  

were a c t i v a t e d ,



b) the  hypothalamus - where the  v i s c e r a l  r e a c t io n  to  the  s t imulus  

i s  processed,

c) the  cerebellum -  where any motor program requ i red  f o r  

responding t o  the  s t imulus  i s  a c t i v a t e d ,  and

d) th e  ce reb ra l  co r tex  (presumably the  r i g h t  cerebra l  co r tex )  -

where the  fus ion  of a l l  t h e se  sensory and motor s u b c o r t i c a l  

components takes  place  v ia  s y n c r e t i c  c o n ce p tu a l i z a t io n ,  i . e . ,  

v i s c e r a l  a f f e c t i v e  in format ion i s  fused with cogn i t ive  

in format ion in to  a c o n s t r u c t ;  complex nonverbal c o n f ig u ra t io n s  

are  i n t e r p r e t e d  and t h e i r  a f f e c t i v e  meaning i s  der ived  and 

recognized (Tucker, 1981).

Figure V i l l u s t r a t e s  schem at ica l ly  t h i s  noradranerg ic  a c t i v a t i o n  in 

response t o  an a f f e c t i v e  a u d i to ry  s t im u lus .  The s i g n i f i c a n c e  of 

brainstem pathways i s  c l e a r l y  i l l u s t r a t e d  in such a model. The 

importance of  the  brainstem i s  twofo ld :

1) in the  sensory recep t io n  and process ing  of  an aud i to ry  simulus

2) in the  proper fu nc t ion ing  of bra ins tem noradrenerg ic  neurons so 

t h a t  d i s ru p t io n  of t h i s  i n t r i c a t e  arousal  system does not take  

p lace .

This model, fu r therm ore ,  makes the  r o l e  of the  brainstem insepa rab le  

from t h a t  of  r i g h t  hemisphere s y n c r e t i c  c o n ce p tu a l i z a t io n .  I f  one 

accepts  t h i s  model, bra instem compression in a head trauma popula t ion  

i n t e r r u p t s  r i g h t  hemispheric p rocess ing  a t  a su b co r t i c a l  l e v e l .

David Baer (1983) has developed a model of r i g h t  in t rahem ispher ic  

l o c a l i z a t i o n  of func t ion  with a f f e c t i v e  p rocess ing .  He has i s o l a t e d  two 

systems which a re  f u n c t i o n a l l y  and anatomically  d i s t i n c t :  a dorsa l
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emotional s u rv e i l l a n ce  system and a ven tra l  system of decoding s p e c i f i c  

emotional s ig n a l s  with in  a given modali ty .  The ven t ra l  system involves 

the  connect ions of th e  amygdala, hippocampus, hypothalamus and o r b i t o -  

f r o n t a l  co r tex .  I t s  d i s t i n c t i v e  f e a t u r e  i s  the  r e t e n t io n  of  independent 

connections between indiv idua l  c o r t i c a l  sensory systems ( e . g . ,  v i s u a l ,  

aud i to ry)  and the  l imbic system. The decoding of emotional cues with in  

a sensory modal ity  such as vocal in tona t ion  or  f a c i a l  expression  

involves  t h i s  sytem. The a f f e c t i v e  and autonomic response to  such 

s igna ls  a lso  occurs with in  t h i s  system. Baer s t a t e s  t h a t  the  amygdala 

and hippocampus are  e s s e n t i a l  fo r  a f f e c t iv e  memory. This allows f o r  the 

appropr ia te  decoding ( recogn i t ion )  of an a f f e c t iv e  s t imulus .

Baer ' s  v en t ra l  system is  s im i la r  to  Nauta 's  (1971) anatomical and 

func t iona l  model of o r b i t o - f r o n t a l  connect ions t o  the  l imbic system. 

Nauta desc r ibes  the f r o n t a l  lobe as a sso c ia t io n  cor tex  which in te g r a t e s  

information from both the  organism's  in te rn a l  environment and the  

ex te rna l  environment.  The f r o n ta l  lobe i s  a common end-poin t  fo r  

neuronal systems t h a t  extend from th e  primary sensory reg ions  of the  

cortex (au d i to ry ,  v i s u a l ,  somatic) v ia  various  thalamic in te rm ed ia r ie s .  

All th re e  major s en so r ia  represen ted  by modality s p e c i f i c  areas  in 

neocortex f in d  some form of r e - r e p r e s e n ta t i o n  in the  f r o n t a l  c o r t e x .  At 

the  same time,  the  o r b i t o - f r o n t a l  a rea  has s u b s t a n t i a l  in te rconnec t ions  

with the  diencephalon (hypothalamus) and mesencephalic tegmentum as well 

as the  amygdala and o ther  l imbic s t r u c t u r e s .  There i s  reason to  be l ieve  

t h a t  a f f e r e n t  f i b e r  systems to  the  o rb i to  f r o n t a l  areas  convey 

information concerning the  organism's  i n te rn a l  m i l ieu  ( v i s c e r a l ,  

emot iona l,  mot iva t iona l  s t a t e )  as mediated by t e l e n ce p h a l i c  l imbic
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s t r u c t u r e s .  Given th e se  anatomical and fu n c t iona l  c o r r e l a t i o n s ,  t h e  

f r o n t a l  lobe ( e s p e c i a l l y  the  o r b i t o  f r o n t a l  area)  can be viewed as a

complex i n t e g r a t o r  of ex te rn a l  sensory  cogn i t ive  informat ion and th e  

o rganism 's  i n t e rn a l  v i s c e r a l ,  emotional s t a t e  in response t o  t h a t  

in format ion .  In a normally func t ion ing  i n d iv id u a l ,  i n t e r n a l  and 

ex te rna l  information are  c o n s ta n t ly  i n t e g r a t e d ,  i . e .  i n t e r n a l  v i s c e r a l  

r e a c t io n s  are  modulated by e x te rn a l  s en so ry /c o g n i t iv e  informat ion and

vice  versa  so t h a t  behavior i s  app rop r ia te  t o  a given s i t u a t i o n .

Baer ' s  (1983) r ig h t -h em isp h e r ic  dorsa l  system i s  descr ibed  as an

emotional o r i e n t a t i o n  system. Anatomically,  t h i s  system involves  the  

in te rconnec t ions  o f  the  i n f e r i o r  p a r i e t a l  lobe ,  c in g u la te  gyrus and 

d o r s o l a t e r a l  p r e - f r o n t a l  cor tex  as well  as e f f e r e n t  pathways from the  

i n f e r i o r  p a r i e t a l  lobe to  r e t i c u l a r  a c t i v a t i n g  nuc le i  and locus 

co e ru leu s .  F u n c t io n a l ly ,  i t  i s  involved in s u r v e i l l a n c e ,  o r i e n t a t i o n  

and emotional a ro u s a l .  Malfunctioning of  t h i s  system can lead t o  

sensory  i n a t t e n t i o n  and emotional unconcern.  The p a t i e n t  might not 

d e te c t  a t h r e a te n i n g  s i t u a t i o n ,  f o r  example, and cannot s u s ta in  

a t t e n t i o n ,  become a p p ro p r ia t e ly  emot iona l ly  concerned or i n i t i a t e  an

adaptive  response .

Both the  dorsa l  and v e n t ra l  r i g h t  hemispheric systems have s t rong  

connections  t o  bra instem a re as .  A p a t i e n t  who has sus ta ined  secondary 

ischemic damage due to  bra instem compression could be handicapped in the  

a f f e c t i v e  sphere  because he cannot c o r r e c t l y  i d e n t i f y  s t im u l i  or  

i n t e g r a t e  a f f e c t i v e  s t im u l i  with the  a p p ro p r i a t e  responses  (v e n t ra l  

system) o r  because he i s  not p ro p e r ly  o r i e n t i n g  to  a f f e c t i v e  s t im u l i  

(dorsa l  system).  In the  p re sen t  sample of p a t i e n t s ,  th e  Social  Quotient
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from th e  Vineland Social  Maturi ty  Scale was s i g n i f i c a n t l y  lower in the  

brains tem group than in those with no brainstem compression.  S im i la r ly ,  

the  Social  Quotient c o r r e l a t e d  s i g n i f i c a n t l y  with a p a t i e n t ' s  a b i l i t y  to  

c o r r e c t l y  i d e n t i f y  vocal in tona t ion  and brains tem compression a lso  

c o r r e l a t e d  with the  pe rcept ion  of  in to n a t io n .  These r e s u l t s  are

consonant with the  th e o r i e s  d iscussed  above. They support  the

hypothesized ro l e  of the  r i g h t  hemisphere in app rop r ia te  and adaptive  

soc ia l  func t ion ing .  They a l so  are  congruous with the  hypothesis  of 

s trong l a t e r a l i z e d  connect ions of brainstem areas  t o  the  r i g h t  

hemisphere.

The production of  in to n a t io n ,  in the  p re sen t  sample,  was 

s i g n i f i c a n t l y  lower in p a t i e n t s  with documented r i g h t  le s ions  on CT scan 

than in those without  r i g h t  l e s io n s .  Seventy-three  percen t  of the  

documented r i g h t  l e s io n s  were f r o n t a l .  Func t iona l ly ,  p a t i e n t s  whose 

production scores  were in the  b o rde r l ine  to  de fec t ion  range had

s i g n i f i c a n t l y  lower scores  on th e  Purdue Pegboard, l e f t  hand than 

p a t i e n t s  with average product ion scores .  The Purdue Pegboard has been 

found to  be a useful and va l id  ins trument f o r  l a t e r a l i z a t i o n  of  le s ion  

(Costa,  e t  a l ,  1963). In a d d i t io n ,  t h i s  l a t e r a l i z i n g  e f f e c t  did  not 

emerge on a ta sk  of func t ion ing  p r im ar i ly  in the  temporal lobe (d ic h o t i c  

l i s t e n i n g ) .  The observed p a t t e rn  suggests t h a t  production of in tona t ion  

may be dependent on proper func t ion ing  with in  the  a n t e r i o r  reg ions  of 

the  r i g h t  hemisphere.  This p a t t e r n s  supports  Ross'  (1979, 1981) work 

and the  r e p o r t s  o f  Tucker, Watson and Heilman (1977) where CVA p a t i e n t s  

with evoca t ive  d e f i c i t s  showed CT le s ions  in the  d i s t r i b u t i o n  of  the 

r i g h t  middle cerebra l  a r t e r y ,  in p o s t e r io r  f r o n t a l  and p a r i e t a l  supra - 

Sylvian reg ions .
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Production of in to n a t io n ,  in t h i s  sample, was not r e l a t e d  to  

brains tem compression.  This suggests t h a t  evoca t ive  speech may be a 

process  which i s  semi-independent of percep t ion .  In cases  of  adu l t  

acute  onset  of d i s a b i l i t y ,  such as trauma, the  motor p a t t e r n s  

accompanying a f f e c t i v e  speech have a l ready  been learned .  Production may 

no longer r e q u i re  the  complex acous t ic  a n a ly s i s  t h a t  must be requ i red  

during development when such responses  are f i r s t  being learned .  

Production of in tona t ion  probably does r e q u i re  an i n t a c t  corpus 

callosum. This i s  suggested by s tu d ie s  of aprosodic schizophrenics  in 

whom t r a n s c a l l o s a l  communication was shown to  be impaired (Rosenthal and 

Bigalow, 1972; Dimond, e t  a l . ,  1979; Gur, 1978). Production of prosody 

a lso  re q u i re s  adequate p a r t i c i p a t i o n  of  su b co r t ic a l  s t r u c t u r e s  such as 

th e  basa l  gang l ia .  Ross and Mesulam (1979) r e p o r t  t h a t  an aprosodic 

p a t i e n t  with r i g h t  basal  gang l ia  involvement did not recover 

in to n a t io n a l  speech while a p a t i e n t  with a pure ly  neo co r t ica l  p a r i e t a l  

le s ion  recovered completely.  Furthermore,  aprosody i s  a consnon f e a t u r e  

of Park inson 's  d isease  and t h i s  in d ica te s  t h a t  the  s t r i a tu m  is  involved 

in speech in tona t ion  (S co t t  and Cai rd ,  1983).  No d i r e c t  measure of 

degree of basal  gang l ia  d i s ru p t io n  e x i s t s  f o r  the  p resen t  sample. 

However in fe rences  can be made from our knowledge about the  pathology of  

head trauma. Oppenheimer (1968) s tudied  le s ions  in 59 cases of head 

in ju r y  with c l i n i c a l  f e a tu r e s  ranging from mild concussion to  

dece rebra t ion  and with surv iva l  t imes from 12 hours upwards. He found 

microscopic le s ions  not apparent to  the  naked eye.  Lesion d i s t r i b u t i o n s  

tended to  be in the  corpus callosum (on one side  of the  m id l ine ) ,  in the  

caudate nucleus ,  and in the  upper bra instem ( p a r t i c u l a r l y  tegmentum).
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These l e s io n s  were in f requen t  in the  ce reb ra l  c o r t e x .  The p re sen t  

sample of cases  may have such basal  gan g l ia  and c a l l o s a l  l e s io n s  to  

varying d eg re ss .  These may c o n t r ib u t e  in  p a r t  t o  d i f f i c u l t i e s  in 

product ion  of in to n a t io n .

Production of in to n a t io n  does not c o r r e l a t e  with the  Social  

Quot ien t .  This in d ic a te s  t h a t  p a t i e n t s  with production d e f i c i t s  alone 

may be in a b e t t e r  p o s i t io n  s o c i a l l y  than those in whom bra instem 

compression d i s r u p t s  emotional p e rc ep t io n ,  a t t e n t i o n  and a ro u sa l .

Production of in to n a t io n  does c o r r e l a t e  s i g n i f i c a n t l y  with 

pe rcep t ion  of in to n a t io n .  This c o r r e l a t i o n  may r e f l e c t  th e  f a c t  t h a t  

both func t ions  are  r e l a t e d  to  the  e x te n t  of  r i g h t  hemispheric pa thology.  

An a l t e r n a t i v e  po in t  i s  suppl ied  by th e  motor theory  of  speech 

p e rc ep t io n .  This th eory  p o s tu l a t e s  t h a t  in order  t o  perceive  speech, 

the  b ra in  must determine how i t  would produce the  same sounds.  The 

concept arose  of out resea rch  on s i m i l a r i t i e s  between sounds ( i . e . ,  

consonants)  perceived as i d e n t i c a l  by th e  b r a in .  Sounds t h a t  were 

perceived as a l ik e  were produced in th e  same way (Liberman e t  a l . ,  

1967). What remained in v a r i a n t  was the  way the  t h r o a t ,  mouth, l i p s  and 

tongue were c o n t ro l l e d  in the  production of  sound. Perhaps t h i s  

r e l a t i o n  between production and percep t ion  c a r r i e s  over in to  in to n a t io n .

Brainstem compression and the  number of r i g h t  le s ions  c o r r e l a t e  

s i g n i f i c a n t l y  with th e  Social Q uo t ien t .  Number of l e f t  l e s io n s  does 

n o t .  I f  one accepts  the  hypotheses p o s t u l a t i n g  an e s p e c i a l l y  s t rong  

connection between su b c o r t i c a l  pathways and th e  r i g h t  hemisphere,  one 

can regard  c o r r e l a t i o n s  of bra ins tem compression and number of  r i g h t  

l e s io n s  with th e  Social  Quot ient  as i n d i c a t iv e  of  a r e l a t i o n  between
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r i g h t  hemispheric i n t e g r i t y  and so c ia l  s k i l l s .  D if ferences  between the  

hemispheres in so c ia l  and non-soc ia l  informat ion process ing  have a l ready  

been re p o r t e d .  For example, p a t i e n t s  with documented r i g h t  f r o n t a l  

damage were depressed on ta sks  of soc ia l  cogn i t ion  but  i n t a c t  on non­

s o c i a l  c o g n i t iv e  t a s k s .  The re v e r se  was t r u e  f o r  l e f t  f r o n t a l  p a t i e n t s  

(Sorman, Wassers te in  and Zapulla ,  1983). Social  cogn i t ion  involved 

t a s k s  t h a t  requ i red  the  p a t i e n t  to  take  on another  p e r s o n 's  p e r sp ec t iv e  

in a s e r i e s  of  events  without imposing t h e i r  own motives (Chandler 's  

Car toons,  1973, Leehy's Pro-Socia l  Behavior Task, 1979). The r e s u l t s  of 

th e  p re sen t  study suggest  t h a t  a p a t i e n t  with r i g h t  hemispheric 

pa thology and brainstem pathology may be a t  a so c ia l  disadvantage p o s t -  

t r au m a t ica l  ly.

The f a c t  t h a t  head trauma p a t i e n t s  have d i f f i c u l t i e s  in the  

pe rcep t ion  and production of  in to n a t io n  should lead t o  sys temat ic  

s tu d ie s  o f  a f f e c t i v e  d i f f i c u l t i e s  wi th in  o th e r  m oda l i t i e s  (such as 

v i s u a l ) .  The p i l o t  da ta  from th e  p re sen t  study a l ready  i n d i c a t e s  t h a t  

head trauma p a t i e n t s  have d i f f i c u l t y  in d i s c r im in a t in g  f a c i a l  a f f e c t i v e  

express ion  and do not u t i l i z e  v isua l  a f f e c t i v e  cues .  Systematic 

examination of  the  m u l t ip l e  emotional fu n c t io n s  of  the  r i g h t  hemisphere, 

from emotional s u r v e i l l a n c e  t o  a f f e c t i v e  i d e n t i f i c a t i o n  and 

communication, i s  needed in head trauma p a t i e n t s  in order  t h a t  the  

p revalence  and ex ten t  o f  t h e i r  s o c ia l  handicap be i d e n t i f i e d .  The 

p reva lence  of  brainstem compression in seve re ly  in ju r ed  p a t i e n t s  p laces  

them a t  a g r e a t e r  r i s k  f o r  th e  i n t e r r u p t io n  of  c r i t i c a l  a f f e c t i v e  

pathways. This s i t u a t i o n  must a f f e c t  fu n c t io n s  beyond the  pe rcep t ion  of  

i n to n a t io n ,  and these  need to  be i d e n t i f i e d .  A b e t t e r  unders tanding of
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the  aspec ts  of a f f e c t i v e  behavior t h a t  are  d is rup ted  pos t- trauma would 

help  exp la in  a t  l e a s t  some of the  symptoms a t t r i b u t e d  vaguely to  

" p e r so n a l i ty "  change fo llowing in ju r y .  Furthermore,  i f  one considers  

th e  e x t e n t  of n o n -a f fe c t iv e  co g n i t iv e  d e f i c i t  r e t a in e d  by the  average 

s ev e re ly  in ju red  p a t i e n t ,  one begins t o  r e a l i z e  how d e v as ta t in g  a 

combination of cogn i t ive  and a f f e c t i v e  sequelae must be. The importance 

of adequate so c ia l  pe rcep t ion  has ,  perhaps ,  most c l e a r l y  been recognized 

w i th in  the  realm of lea rn ing  d i s a b i l i t i e s .  Both pa ren ts  and 

p r o f e s s i o n a l s  have repo r ted  t h a t  so c ia l  misperception appears t o  be the  

most d e b i l i t a t i n g  d e f i c i t  of a l l  (Bader, 1975).  The ch i ld ren  with these  

problems a re  descr ibed  as excess iv e ly  dependent,  i n s e n s i t i v e  t o  so c ia l  

s i t u a t i o n s ,  poor in judging p e o p le ' s  emotions and a t t i t u d e s  and doing 

and saying in ap p ro p r ia te  th in g s  (Lerner ,  1976). Furthermore,  pa ren ts  

and te ache rs  who have d e a l t  with these  c h i ld re n  have recognized t h a t  the 

problem pervades a l l  so c ia l  i n t e r a c t i o n s  and cont inues  t o  c r e a te  

problems throughout  adulthood (Minskoff, 1980).  Social  percep t ion  

s k i l l s ,  in f a c t ,  become in c re a s in g ly  important  in adulthood and have 

been i d e n t i f i e d  as key f a c t o r s  in vocat ional  and p o s t -educa t iona l  

success  (Edmonson, DeJung, and Leland, 1965). F in a l l y ,  the  learn ing  

d isab led  who have d i f f i c u l t i e s  in ci rcumscribed areas  such as reading  or 

math can f i n d  escape from these  d i s a b i l i t i e s  in a number of  s i t u a t i o n s .  

I t  i s ,  by c o n t r a s t ,  almost impossible  to  f i n d  escape from d i f f i c u l t y  in 

so c ia l  pe rcep t ion  (Minskoff, 1980).  These s ta tements  can be r e a d i l y  

app l ied  to  many head- in ju red  p a t i e n t s .

The n a tu ra l  consequence of  the  i d e n t i f i c a t i o n  of  pe rcep tua l  and 

evoca t ive  a f f e c t i v e  prosodic  d e f i c i t s  in head trauma p a t i e n t s  i s  the
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development of t r a i n i n g  techn iques .  I d e a l ly  these  should he lp  p a t i e n t s  

t o  emote v e rb a l ly  and to  learn  t o  recognize a f f e c t i v e  cues in speech 

( e . g . ,  p i t c h ,  tempo, loudness,  e t c . ) .  To th e  ex ten t  t h a t  p a t i e n t s  have 

d i f f i c u l t y  pe rce iv ing  and producing a f f e c t i v e  cues in o ther  m oda l i t i e s  

( v i s u a l ,  g e s t u r a l ) ,  t h e se  may a lso  be t r a i n e d .  Minskoff (1980) 

d e sc r ib e s  a t r a i n i n g  procedure developed f o r  persons with soc ia l  

pe rcep t ion  d e f i c i t s .  The t r a i n i n g  involves  teach ing  s tu d en t s  t o  

d i s c r im in a te  c r i t i c a l  v i sua l  and aud i to ry  so c ia l  cues in the  behavior of 

o th e r s  and in themselves.  Once the  c r i t i c a l  cue i s  d i s c r im in a ted ,  a 

verba l  d e sc r ip t i o n  of  s p e c i f i c  s i t u a t i o n s  in which the  cue occurs i s  

p resen ted  to  develop an unders tanding of the  meaning of these  cues .  The 

next  s tep  involves teach ing  s tu d en t s  to  express  s p e c i f i c  motor and ora l  

cues so t h a t  these  are  b u i l t  in to  the  s tu d e n t s '  response r e p e r t o i r e s .  

The f i n a l  s tage  involves t r a i n i n g  s tu d en t s  to  d i s c r im in a te  neg a t iv e ,  

non-verbal so c ia l  cues in people with whom they  i n t e r a c t ,  t o  r e l a t e  the  

negat ive  cues to  s p e c i f i c  responses  they might have made and to  then 

modify th e se  in ap p ro p r ia te  responses  in f u t u r e  s i t u a t i o n s  of a s im i la r  

k ind.  The various  techniques  employed in t h i s  method involve ro l e  

p lay ing ,  verba l  d i s cu s s io n s  and exp lan a t io n s  and t r a i n i n g  in s e l e c t i v e  

a t t e n t i o n .  Such a model can be e a s i l y  applied  to  a head trauma 

popula t ion  in a r e h a b i l i t a t i v e  e f f o r t  or t o  o th e r  neuro log ica l  

popu la t ions  with s im i la r  d i s a b i l i t i e s .

The p re s en t  study has i d e n t i f i e d  d e f i c i t s  wi th in  the  pe rcep t ion  and 

production of a f f e c t i v e  prosody in head trauma p a t i e n t s .  These f in d in g s  

sugges t  the  need f o r  q u an t i fy ing  d i f f i c u l t i e s  in o ther  a spec ts  of  

pe rcep tua l  and motor a f f e c t i v e  f u n c t io n s .  An awareness of  these
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d e f i c i t s  i s  important because they  can have devas ta t ing  consequences 

which are  a t  l e a s t  equal t o  those  caused by d e f i c i t s  in language, 

memory, motor impairment and o th e r  a l ready  i d e n t i f i e d  po s t - t rau m a t ic  

seque lae .  Hopefully, the  i d e n t i f i c a t i o n  of d i f f i c u l t i e s  in the  a rea  of 

a f f e c t iv e  processing of information and product ion w i l l  allow f o r  the  

development of an a f f e c t i v e  therapy t h a t  w i l l  p a r a l l e l  o ther  forms of 

cogn i t ive  therapy.
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Table I

graphic C h a r a c te r i s t i c s
of  P a t i e n t s  amd Non-In.iured Controls

P a t i e n t s  
(N =”277

Controls
[ n"=~i s j

t  vali

Age X = 31.1 X = 29.3 .679
SD = 9.9 SD = 5 .6 NS

Education X = 11.5 1  = 13.8 -3 .5
(Years) SD = 1 .8 SD = 1.7 P <

Sex
Male 78% 60%
Female 22% 40%

E th n ic i ty
Black 33% 30%
Hispanic 26% 30%
White

P a t ie n t  GCS

41%

Scores "x = 9.40 
SD = 3.75

40%

Moderate = 56% 
Severe = 44%
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Table I I

Neuropsycholocjic Tests  (P a t i en t s )

X SD Range

WAIS

PIQ 87.7 14.6 64 -  126

VIQ 93.0 13.3 69 -  135

Purdue R 10.82 2.74 6 - 1 6

Purdue L 11.67 2.05 6 -  14.5



-74- 

Table I I I  

Social Matur ity  (P a t i e n t s )

X SD

Social  Age 16.3 4 .5
(N = 27)

Social Quotient 57.7 29.8
( N = 27)
(105 = 50th p e r c e n t i l e ,  a d u l t  score 
f o r  l i f e  ages >  25 yea r s )

Chronological  Age 31.1 9 .9
(N = 27)
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Table IV

Results  of  Tests on Normality o f  D is t r i b u t io n s

P a t i e n t s Controls

Perception Normal Normal

Production Normal Normal

Age Normal Normal

Education Not Normal Not Normal

VIQ Normal

PIQ Normal

Purdue R Normal

Purdue L Normal

Social  Matur ity Not Normal

Time From In jury Not Normal

Number Right Lesions Not Normal

Number Lef t  Lesions Not Normal

S h i f t  Size Not Normal

Size of  Largest  
Right Lesion Not Normal

Size of Largest  
Left  Lesion Not Normal
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Table V

Means and Standard Deviations
of Affec t ive  Prosody Tests

P a t i e n t s  
(N = 27)

Controls 
(N = 10)

t  value

Perception X = 37.3 
SD = 10.2

X = 45.3 
SD = 7 .8

-2.56 
(p <  -01)

Production X = 12.5 
SD = 3 .4

X = 14.9 
SD = 2 .9

-2 .16 
( P <  -04)

Comparison of P a t i e n t s  and Normals
Matched f o r Educational Level

Normals 
(N = 10)

Pa t ien t s  
Matched f o r  

Education 
(N = 10)

Pa t ien t s  
(Remainim 
1 N = 17)'

Perception X = 45.3 
SD = 7 .8

X = 37.2 
SD = 10.5

X = 37.3 
SD = 10.3

Production X = 14.9 
SD = 2 .9

X = 12.1 
SD = 4 .2

X = 12.7 
SD = 3 .0
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Table VI

Zero Order Corre la t ions  Between Neuropscvh Outcome, 
Tes ts  of Affec tive  Percept ion ,  Production aricl 

Age, Education,  Time From In ju ry  (N = 27)

Perception Production PIQ VIQ

Age - . 2 0  - .07  .06 .19

Education .26 .26 .42 .65
(p < .03) (p < .0002)

Time From In ju ry  .17 - .03  .08 - .11

Perception and Production: r  = .55 p < .01
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Table VII

Conceptual I d e n t i f i c a t i o n  of Emotion

I n t e r c o r r e l a t i o n s  on All Quest ionnaire  Items 
Spearman C orre la t ion  C o ef f ic ien t s  N = 12

Normals

Surprise Boredom Love Hope

Surpr ise 0.60291* 0.28446 0.08464 0.24962
0.0380** 0.3702 0.7937 0.4340

Boredom 0.35496 0.67569 0.20617 0.28419
0.2575 0.0159 0.5203 0.3707

Love -0.22068 -0.28118 0.60699 0.03599
0.4907 0.3760 0.0364 0.9116

Hope -0.34769 -0.23836 -0.17944 0.77373
0.2681 0.4556 0.5768 0.0031

*r values
**p values
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Table VIII

Patient Pathology

Patient

*R
Extra
Paren­
chymal

L
Extra
Paren­
chymal

R
Fron­
ta l

L
Fron­
ta l

R
Te^uro-
Parietal

L
Temporo­
parietal

R
Occip­
ita l

L
Occip­

i ta l
••Brain

Stem

Shlfl
Size
(mm)

1 13.5 0 0 0 0 0 0 0 N 4

2 0 0 0 0 0 0 0 0 C 0

3 15.0 0 0 0 0 0 0 0 N 0

4 3.0 0 0 0 0 0 0 0 H 0

5 0 0 0 0 0 0 0 0 N 0

6 0 0 30.0 0 0 0 0 0 C 24

7 0 0 9.0 0 105.0 75.0 0 0 C 15

8 0 0 18.0 12.0 0 0 0 0 N 0

9 0 0 60.0 60.0 45.0 0 0 0 C 0

10 0 0 6.0 30.0 0 111.0 0 0 C 9

11 0 0 45.0 45.0 0 0 0 0 N 6

12 0 0 45.0 30.0 0 0 0 0 C 3

13 0 0 30.0 0 60.0 0 0 0 N 2
14 0 0 0 0 0 0 0 0 N 0

15 0 0 34.0 0 0 0 0 0 N 0

16 30.0 0 ‘ 0 0 0 0 0 0 C 9

17 0 0 0 0 0 0 0 0 N 0

18 0 0 0 45.0 60.0 60.0 0 0 N 0

19 0 0 0 0 0 60.0 0 0 N 3

20 0 0 21.0 0 0 0 0 0 N 0

21 0 12.0 0 0 0 9.0 0 0 N 3

22 0 0 0 0 0 0 0 24 C 2

•Lesions In am
••Brain Stem: C*Compressed, IMtormal
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Table IX

Lesion D is t r i b u t io n  -  Percept ion 

Percep t ion :  B order l ine /D efec t ive  (N = 8)

B Stem Mid-

P a t i e n t
R

*Extra
L

Extra
R

Frontal
L

Frontal
R

T-P
L

T-P
Compres­

sion
l in e
S h i f t

1
o

+ - - - - - - -

C.

3 + _ + +
4 - - + - + + + +
5 - - + + + - + -

6 - - + + - - + +
7 + - - - - - + +
8

•

+ +

25% 0% 50% 25% 25% 13% 75% 63%

Percep t ion :  Average/Low Average (N = 14)

9 + - - - - - - +

1 0 - - - - - - + -

1 1 + - - - - - - -

1 2 - - + + - - - -

13 - - + + - + + +

14 - - + + - - - +

15
1 A

- - + - + - - +
10
17
1 Q

- - + - - - -

lo
19 + + +
2 0 - - - - + - +
2 1 - - + - - - - -

22 - + - - - + - +

14% 7% 43% 23% 14% 29% 14% 43%

*Extra = Extraparenchymal Lesion



-81 -

Table X

Lesion D is t r i b u t io n  -  Production

Product ion: B order l ine /D efec t ive  ( N = 8)

P a t i e n t
R

*Extra
L

Extra
R

Frontal
L

Frontal
R

T-P
L

T-P

B Stem 
Compres­

sion

Mid­
l in e
S h i f t

1 + +
2 + - - - - - - -
3 - - - - - -
4 • - + - - - + +
5 - - + + + - + -
6 - - + + - + + +
7 - - + + - - - +
8 - - + - + - - +

25% 0% 63% 

Production: Average/Low Average (N

35% 

= 14)

25% 13% 38% 63%

9 +
10 + - _ - - - - -

11 - - + - + + + +
12 - - + + - - - -

13 - - + + - - + +
14 - - - - - - -

15 - - + - - - - -
16 + - - - - - + +
17 - - - - - - - -
18 - - _ + + + - -
19 - - _ - - + - +
20 - - + - - - - -

21 - + _ • - + - +
22 - - - - - - + +

*Extra =

14% 7% 

Extraparenchymal

36%

Lesion

21% 14% 29% 36% 43%
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Table XI

Means and Standard Deviations  of Production and Percept ion 
Scores in P a t i e n t s  with Documented Right Lesions on CT 

Versus P a t i e n t s  Without Documented Right Lesions

Production
Scores

Perception
Scores

No Right 
Lesions on CT 

Cn~=T ]

X = 14.55 
SD = 2.93

X = 38.28 
SD = 12.24

(11 or 73% = Fron ta l )  
Presence of Right 

Lesion on CT
"TN"=“ l5 y _

X = 11.10 
SD = 3.20

X = 34.67 
SD = 10.10

t  = 2.41 
p <  .05

NS

Zero Order C o r re la t io n s :

Production With Number of Right Lesions on CT: r  = - . 4 9 ,  p <  .01 
Percept ion With Number o f  Right Lesions on CT: r  = - . 2 9 ,  NS
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Table XII

Means and Standard Deviations of  Neuropsycholqgic Functions 
in P a t i e n t s  with Defective versus Average Production Scores

P a t i e n t s  N = 27

Production Scores Production Scores
Border l ine /Defec t ive  Averaqe/Low Averaqe
 ~ ---- "-----------------   (N -191-(N = 8)

Purdue Left  X = 10.5 X = 12.35 t  = 2.06
SD = 2.20 SD -  2.09 p <  .05

Purdue Right X = 9.81 X = 11.19 NS
SD = 2.50 SD = 2.67

Dichotic Left  Ear X = 26.00 X = 22.42 NS
SD = 4.84 SD = 10.34
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Table XIII

Means and Standard Deviations of Demographic, Pa thologic ,  
and Neuropsycholoqic Variables  in P a t i e n t s  with 

Compressed versus  Normal Brainstem C is te rns

P a t i e n t s  N = 22

B Stem C is te rns  B Stem C is te rns
Normal (N = 14) Compressed (N = 8) t  t e s t s

X S.D. X S.D. p value

Age 29.57 9.26 34.12 5.51 NS

Education 11.28 1.32 11.12 1.36 NS

PIQ 88.92 11.79 77.63 11.39 p < .05

VIQ 92.35 12.82 89.50 9.18 NS

Purdue R 10.96 3.00 10.18 1.99 NS

Purdue L 12.00 1.61 10.25 2.37 p <  .01

Perception 39.28 10.47 29.75 8.48 p <  .05

Production 12.86 3.86 11.19 2.62 NS

S h i f t  Size 1.28 1.97 7.75 8.41 P <  -01

Dichotic L 25.80 8.40 16.80 8.10 p <  -02

Dichotic R 37.10 9.70 37.60 16.60 NS

Zero Order C o r re la t io n s : (N = 22)
Brain Stem with Percept ion: r  = .55, p <  .05
Brain Stem with PIQ: r  = .55, p <  .05
Brain Stem with S h i f t  Size: r  = - .4 6 , p <  .05
Brain Stem with Dichotic L: r  = - .5 2 , p <  .02
Brain Stem with Purdue L: r  = - .3 6 , NS
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Table XIV

P a t i e n t s  (N = 8) Perception Scores

Brain Stem C is te rns  Absent Brain Stem Cis te rns  Compressed
(N = 3) (N = 5)

X = 25.66 X = 32.20
SD = 4.93 SD = 9.67

\___________________________J
t  = 1.08 NS

P a t i e n t s  (N = 8) Production Scores

Brain Stem Cis terns  Absent Brain Stem Cis te rns  Compressed
(N = 3) (N = 5 )

X = 11.86 1  = 11.87
SD = 4.13 SD = 2.61

'---------------------- ns-------------------------- 1

Zero Order C orre la t ions :  B ise r i a l  r ' s
Brain Stem with Perception: r  = .55,  p <  .05 
Brain Stem with Product ion: r  = .29 ,  NS
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Table XV

Means and Standard Deviations of 
Neuropsychological and Pathological  

Indices  in P a t ie n t s  with Absent versus Compressed 
versus Normal Cis terns

Brain Stem Cis terns Absent
(N=3)

Compressed
(N=5)

Normal
(N=14)

Perception 7 = 25.66 
SD = 4.93

7 =
SD

32.20 
= 9.67

7 = 39.28 
SD = 10.47

Dichotic Left  Ear X = 12.6 
SD = 9.86

7 =
SD

19.4 
= 6 .8

7 = 25.80 
SD = 8.40

PIQ X = 77.66 
SD = 13.05

7  =
SD

77.60 
= 11.90

7 = 88.92 
SD = 11.79

Purdue Left *X = 10.5 
SD = 1.0

7 =
SD

10.1 
= 3.04

7 = 12.00
SD = 1.61

S h i f t  Size 7 = 3.66 
SD = 4.72

7 =
SD

10.20 
= 9.62

7 = 1.28
SD = 1.97

C o r re la t io n s ,  Pearson:
Brain Stem with Perception: r  = - .4 8 ,  p <  .05 
Brain Stem with Production: r  = - .5 2 ,  p <  .02
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Table XVI

Mean Social  Quotient Values in P a t i e n t s  with 
Compressed C i s t e r n s ,  Normal C i s t e r n s ,  Right FrontaT Lesions 

and No Right Frontal  Lesions

Brain Stem
Compressed or  Absent Brain Stem Normal t  value

(N = 8) (N = 14)

X = 40.25 X = 62.64 2.09
SD = 13.64 SD = 29.66 ( p <  .05)

C orre la t ion  of Social Quotient with Perception of In tona t ion  = .51 
(p <  .01)

Presence of
(R) Frontal  Lesion No (R) Frontal  Lesion t  value

(N = 1 0 )  (N = 1 2 )

X = 50.90 1  = 57.50 .56
SD = 31.00 SD = 24.00 NS

C orre la t ion  of  Social Quotient with Production of In tona t ion  = .24 (NS)
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Table XVII

C o rre la t io n s :  Social  Quotient with Number of  Lesions
in Right and Left  Hemispheres and Brain Stem Compression

No. (R) No. (L) Brain Stem
Lesions Lesions Compression

Social  Quotien t - .43*  .16 - .42*

( * p <  .05)
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Table XVIII

Lowest GCS Scores Attained by P a t i e n t s  Post-Trauma 
and Perception & Production Scores

Production

B orde r l ine /  X = 10.00, SD = 2.97 
Defective 

(N = 8)

Average/ 1( = 9.78,  SD = 2.97 
Low Avarage 

(N = 14)

Perception

Borde r l ine /  7  = 10.62, SD = 3.96 
Defective 

(N = 8)

Average/ 7 =  9.42,  SD = 3.22 
Low Average 

(N = 14)
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Fiqure 1

RESPONSES TO THE IDENTIFICATION OF 
FACIAL COMPONENTS OF EMOTION

Moderately & Severely In ju red  P a t ie n t s  

Error Category I

"Person number 1 and person number 3 
f ee l  a l ik e  because t h e i r  boss probably 
gave them a r a i s e .  Person number 2 i s  
happy probably but not because of a 
r a i s e . "

"This g i r l  looks l ike  she d o e sn ' t  
belong with the  o the r  two. She must 
f ee l  d i f f e r e n t .  The o ther  two fee l  
a l i k e  because they have money."

"Both these  people have a d e f i n i t e  
sense of humor which they are  not 
using a t  the  moment. Both seem to  
have good bas ic  humorful p e r s o n a l i t i e s .  
The t h i r d  one does n o t . "

Error  Category I I

"These two people f e e l  a l ike  because 
they a re  both holding microphones."

"This man f e e l s  d i f f e r e n t  because h e ' s  
a p r i e s t  -  can t e l l  by h i s  c o l l a r . "

Error  Category I I I

Mild Head Trauma P a t ien t

"Person 1 & 2 are  f e e l i n g  
a l i k e .  You can t e l l  by t h e i r  
smiles t h a t  they must f ee l  
happy. The t h i r d  person looks 
depressed by the  way her l i p s  
a re .  When y o u ' r e  upset  you 
make a c e r t a i n  face  and she 
looks t h a t  way."

"One persons looks l ik e  s h e ' s  
crying and the  o the r  one a lso  
looks sad .  The l i t t l e  boy 
looks happy. You can t e l l  by 
the  express ion  in t h e i r  eyes .  
One woman's eyes are  t e a r in g  
and the  o the r  o n e ' s  are  h a l f -  
closed while the  c h i l d ' s  have 
a happy e x p re ss ion ."

"This mother and daughter d o n ' t  look 
happy. Yeah, they do look happy but 
i t ' s  phony, i t ' s  a pu t-on ."
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6

A xonal P rojections of a  N oradronorg ic Brainstem  N euron 

and the Processing of A ffectively Intoned Speech

cortex  : syncretic p rocessing

ISPH

hypo th a lam u s : 
visceral response
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memory for  intonational 
contour, affective association motor p ro g ram

auditory  input : spoken sentence
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Appendix I (a)

Perception and Production of In tona t ion :  
Males Versus Females

PATIENTS

Percept ion

Males X = 37, SD = 9.55
( N=21)

Females X = 33, SD = 18.50 
(N=6)

t  = .710 NS 

Production

Males X = 12, SD = 3.17
(N=21)

Females X = 16, SD = 3.19 
(N=6)

CONTROLS

Perception

Hales X = 42, SD = 6.09
(N=6)

Females X = 50, SD = 8.01 
(N=4)

t  = 1.86 NS 

Production

Males X = 14, SD = 3.39
(N=6)

Females X = 16, SD = 1.92
(N=4)

t  = 2.50 p .02 t  = 1.37 NS
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Appendix I (b)

Dif ferences  Between Males and Females ( t  t e s t s )

CONTROLS (N=10)

t p value

Production 1.36 .21 NS

Perception 1.85 .10 NS

Education 1.08 .31 NS

Age .35 .73 NS

PATIENTS (N=27)

Production 2.98 .006

Perception .74 .46 NS

Education .66 .53 NS

Age .84 .41 NS

PIQ 1.27 .21 NS

VIQ .43 .68 NS

Purdue Left  Hand .21 .83 NS

Purdue Right Hand .85 .40 NS

S h i f t  Size -1.77 .09 NS

Social Quotient .20 .84 NS

Time From In ju ry .05 .95 NS
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Appendix I I

Conceptual I d e n t i f i c a t i o n  of Emotion Questionnaire

THIS QUESTIONNAIRE IS COMPRISED OF A SERIES OF 

BODILY STATES OR EMOTIONS WITH DESCRIPTIVE STATEMENTS FOR 

EACH. PLEASE ANSWER "YES" or "NO" FOR EACH STATEMENT 

DEPENDING ON WHETHER YOU FEEL THAT IT APPLIES 

OR DOES NOT APPLY TO THE STATE OR EMOTION ABOVE. 

PLEASE ANSWER ALL QUESTIONS.

IF A PARTICULAR STATEMENT IS AMBIGUOUS, CHOOSE 

THE ANSWER THAT YOU FEEL IS MOST APPROPRIATE.



HOPE:_____  t h e r e  i s  a warm excitement

  I ’m wound up in s ide

  the  world seems b a s i c a l l y  good and b e au t i fu l

  I sweat

  t h e r e  i s  a sense of a n t i c i p a t i o n ,  wai t ing  f o r  something
to  happen

  I f e e l  choked up

  the  fu tu r e  seems b r ig h t

  I begin t o  th ink  what I can do to  change the  s i t u a t i o n

  I'm ex c i t ed  in a calm way

  men are  e s s e n t i a l l y  kind

  I keep th in k in g  about what happened over and over again

  I wish I could go back in time

BOREDOM:
  t e a r s  come t o  my eyes

  I f e e l  t i r e d ,  s leepy

  not car ing  about anything t h a t  goes on around me

  I'm o p t i m i s t i c  abut the  f u t u r e ,  the  f u tu r e  seems b r ig h t

  t h e r e  i s  a sense of belonging with o th e r s

  my body seems to  slow down

  my blood p re s su re  goes up, blood seems to  rush through my
body

  t h e r e  i s  a very  s t rong  sense t h a t  t ime seems to  slow down,
to  drag

  t h e r e  i s  a sense of t r u s t  and a p p rec ia t io n  of another  person

  i t ' s  as i f  I'm s u f fo c a t in g  or  smothering

  my whole body i s  tense

  every th ing  seems unimportant



- 1 0 0 -

LOVE:_____  th e r e  i s  a sense of r e g r e t

  a sense of  increased c l a r i t y  and unders tanding of the  world

  I keep th in k in g  how lucky I am

  t h e r e  i s  a f e e l i n g  of warmth a l l  over

  my f i s t s  are clenched

  t h e r e  i s  a sense t h a t  I have no contro l  over the  s i t u a t i o n

  I want t o  be tender  and g e n t le  with another  person

  t h e r e  i s  a heaviness  in my ches t

  th e re  i s  a quickening of h e a r tb e a t

  I want to  he lp ,  to  p r o t e c t ,  p l e a se  another person

■ th e r e  i s  a muscular r i g i d i t y

  my speech ge ts  s o f t e r

SURPRISE:
  a sense of  being more a l iv e

  my face and mouth are  t i g h t ,  t e n s e ,  hard

  I'm b r e a th le s s

  t h e r e  i s  an inner ache you c a n ' t  loca te

  ev ery th ing ,  b r e a th in g ,  moving, th in k in g  seems e a s i e r

  my pu lse  quickens

  I c a n ' t  be l iev e  w ha t ' s  happening i s  t r u e

  I f e e l  sa fe  and secure

  I f e e l  wide awake

  every th ing  i s  going r i g h t  f o r  me

  I want to  s t r i k e  o u t ,  explode,  but I hold back, c o n t ro l  myself

th e r e  i s  a sense of d i s b e l i e f
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