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INTRODUCTION
• Two grammatical deficits in speech of patients with aphasia[1]:

• Agrammatism: omission of functional elements, reduction 
of syntactic complexity

• Paragrammatism: misuse of functional elements and 
syntactic structure

• Agrammatic deficits tied to inferior frontal damage[2,3]

• Lesion profile associated with paragrammatism unclear
• Matchin & Hickok hypothesize that paragrammatism results 

from damage to hierarchical syntactic system in pMTG[4]

• Goal of present study: identify damage associated with 
paragrammatism in large-scale lesion-symptom mapping study

METHODS
• 100 subjects with chronic post-stroke aphasia, 47 excluded 

(extremely limited speech output or bad audio quality)
• 4 expert raters rated spontaneous speech (recounting the 

Cinderella story) from each subject as Paragrammatic, 
Agrammatic, Both, or No Deficit (final ratings decided via 
consensus)

• Inter-rater agreement post-consensus discussion: 20% of 
subjects re-rerated

• Fleiss’ k=0.61, p < 0.0001. Para: k=0.25, agramm: k=0.9
• Manually drawn lesions warped to MNI space
• Lesion-symptom mapping performed with NiiStat

(https://www.nitrc.org/projects/niistat/)
• t-tests using ROIs derived from JHU atlas
• Agrammatic vs. not
• Paragrammatic vs. not

• Uncorrected voxel-wise whole-brain analyses
• Lesion volume regressed from all analyses
• Additional analyses regressing fluency (words per minute)

Paragrammatism, agrammatism and the cortical 
organization of syntax: a lesion-symptom mapping study
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N Sex Age 
(years) 

Months 
post-
stroke

Education 
(years)

Number 
w/AOS

WAB 
AQ

Lesion 
volume 
(cm3)

Aphasia 
Diagnosis

Pa
ra

gr
am

25 9 
Female

62.16* 
(9.91)

43.52* 
(36.42)

15.04^ 
(2.25)

8* 63.50^ 
(17.51)

108.78* 
(74.53) 

3 anomia, 6 
Broca’s, 13 

conduction, 3 
Wernicke’s

Ag
ra

m

15 6 
Female

51.40*^ 
(13.60)

79.07* 
(56.09)

16.07 (2.89) 12*^ 61.41^ 
(12.92)

212.66*^ 
(55.11)

1 anomia, 12 
Broca’s, 1 

conduction, 1 
global

N
o 

De
fic

it 17 4 
Female

61.06 
(12.71)

66.71 
(76.51)

16.41 (2.00) 7 80.28 
(14.02)

80.66 
(73.81)

10 anomia, 6 
Broca’s, 1 
conduction

Bo
th

4 2 
Female

50.75 
(15.90)

91.00 
(47.94)

16.50 (3.42) 2 65.18 
(12.51)

150.64 
(38.92)

3 Broca’s
1 conduction

WHOLE-BRAIN ANALYSES

SUBJECT INFORMATIONLESION OVERLAP MAPS

*difference (p<0.05) between Paragrammatic and Agrammatic groups. ^difference between Paragrammatic/Agrammatic and No Deficit group. WAB AQ: 
performance on Western Aphasia Battery summary measure for overall aphasia severity. Four subjs classified as Both (i.e., showing features of both Agrammatism 
and Paragrammatism) were included in Agrammatic and Paragrammatic groups shown here, as well as separately.

Subject Example Explanation of error
1034 "to live his father and stepmother" verb complement selection violation (e.g. live with)
1034 "three other sister" number agreement error
1034 "he had to do all the works" incorrect plural inflection of mass noun
1034 “wanted to make a trick her” sentence monster; fusion error, trick is both a noun and a verb
1041 “she came the house” verb complement selection violation (e.g. came to)
1007 “she goed back to the boy” use of regular past tense inflection for irregular verb
1010 “tooked her dress” use of regular past tense inflection in addition to irregular past tense
170 “one stepfather and a stepchildren” number agreement error
184 “and she got the flied” verb in noun position; regular past tense inflection on irregular verb
194 “all they want to do is look the pretty” article inserted incorrectly
194 “one of her slippers that were glass” number agreement error
194 “I want to find this girl that I saw you” pronoun inserted into gap position of relative clause
194 “she ran the steps” verb complement selection violatio
198 “she was met the prince” incorrect auxiliary use
198 “she turned out to the same person” dropping of copula from infinitive, to be -> to.
198 “the some happen to them” multiple articles without noun
201 “this is not what good” unclear construction
201 “had something was going to back” sentence monster
209 “two women is ugly” number agreement error
209 “two ugly child was” number agreement error(s)
209 “two man” number agreement error
209 “the queen and king is there” number agreement error
209 “the Cinderella is found in the one” incorrect use of definite article for proper name
143 “she flied around” use of regular past tense inflection for irregular verb
143 “and they're visit” omission of progressive inflection
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PARAGRAMMATIC ERROR EXAMPLES

DISCUSSION
• Previous neuroimaging research reveals similar patterns in PTL & Broca’s 

area[6,7] with respect to syntactic processing
• Double dissociation supports functional distinction proposed by Matchin & 

Hickok[4]: morpho-syntactic sequencing function of Broca’s area with 
hierarchical lexical-syntactic processing in posterior middle temporal gyrus

• Association of posterior temporal damage with paragrammatism is consistent 
with previous case studies[5]


