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Objective: To explore the corelation between asymmetry rate of the cerebral peduncle (ARCP) and
the recovery of poststroke aphasia (PSA). Methods: Thirty-three recurrent stroke participants with
PSA completed the retrospective study. They were divided into two groups according to the sides of
recurrent stroke, ipsilateral group (dominant side) and contra lateral group. The aphasia quotient (AQ)
of post-first time stroke (AQpostFS), pre-recurrent stroke (AQpreRS), and post-recurrent stroke (AQpostRS)
were collected, which were based on the Chinese version western aphasia battery. The ARCP was
calculated based on the latest magnetic resonance imaging (MRI). Changing of AQ (∆AQ, ∆AQ1=
AQpreRS-AQpostFS; ∆AQ2= AQpreRS-AQpostRS), and the correlation between ∆AQ and ARCP of the two
groups were analyzed. Results: The AQpostRS of the contralateral group is significantly lower than that
of the ipsilateral group (32.42 [18.73] vs. 44.97 [11.65], p=0.029).∆AQ2 in CG was higher than that
in IG (38.54 [17.89] vs. 27.03 [10.76], p=0.034).∆AQ1 (r = 0.792, p<0.0001) and ∆AQ2 (r = 0.940,
p<0.0001) showed a significant correlation with ARCP. Subjects with an ARCP of more than 1.5
presented a higher ∆AQ2 than patients with ARCP less than 1.5 In CG (56.77 [2.98] vs. 25.77
[11.11], p<0.0001), a contrary consequence was observed in IG (19.08 [11.44] vs. 30.64 [8.68],
p=0.042). Conclusion: Patients with higher ARCP showed a worse prognosis of PSA followed
recurrent stroke of the non-dominant hemisphere, The synergistic effect between the two hemispheres
is the key mechanism of PSA recovery.
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INTRODUCTION
Trial registration clinical trials: Chi CTR 2000031285
Poststroke aphasia (PSA) is a language disorder followed
dominant hemisphere stroke which often leave the survivor
inconvenient and distressed dailylife1. The recovery
proceeding of PSA was complex and ambiguous. Despite
various therapeutic methods that have been used in the
adjuvant treatment of PSA2-4, the mechanism of PSA recovery
was unclear. Take the noninvasive brain stimulation treatment
in PSA for example, until now, which hemisphere should be a
therapeutic target was still controversial, and it was
inconsistent among previous accumulative studies. Winhuisen
et al.5reported that the dominant hemisphere was more
effective in the recovery of PSA, due to the restoration of
language network.

Abo et al. 6suggested both hemispheres should be considered
when noninvasive brain stimulation techniques were used to
improve PSA. Stockert, et al.7noted the dynamics of language
reorganization in the recovery of PSA. Raboyeau, et al.8noted
that the right inferior frontal regions play an important role in
the recovery of post stroke aphasic patients. Due to the
uniqueness of human language, it was impossible to explore
language function by animal experiments. The development of
functional neuroimaging had promoted the research of PSA to
more depth9, 10. However, as indirect clinical evidence,
functional neuroimaging cannot differentiate primary or
compensable brain regions in patients with PSA. Authors11,
12
suggested it should not be used to determine the functional
localization and accurate detection of essential cortical
language areas. For patients with PSA, especially, for those
patients combine with severe injury in the dominant
hemisphere, the non-dominant hemisphere become the best
prospect for recovery of PSA.
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However, it is difficult to evaluate the compensative capacity
of the non-dominant hemisphere accurately based on currently
available technologies. So, there was an urgent need for more
valid and convinced evidence in the research of PSA. In this
study, representative clinical records (recurrent stroke in the
non-dominant hemisphere for patients with PSA) were
collected and analyzed, through which we could confirm
whether language function exising in the non-dominant
hemisphere. It is hypothesized in this paper that the
compensating language function in non-dominant hemisphere
for patients with PSA, and the AQ would be decline followed
recurrent stroke. We also hypothesized that the compensating
capacity of language function in the non-dominant hemisphere
correlated with the severity of the first time stroke in the
dominant hemisphere, which could be the quantity of
morphological change of the cerebral peduncle. Thus, in this
study, we’d like to explore the value and mechanism of the
non-dominant hemisphere in the recovery of PSA, and which
is based on the correlation of the ARCP and the change of AQ.

METHODS
Study population and screening criteria: Patients with
recurrent (the second time) stroke were recruited in this study
from the First Affiliated Hospital of Hebei North University
from January 1, 2016 and October 1, 2020. There were four
hundred sixty-nine recurrent stroke patients who were screened
based on the following criteria: (1) the first and second time
stroke happened in basal ganglia or/and thalamus, (2) the first
time stroke occurred in the dominant hemisphere and resulted
inanaphasia, (3) no other neurological disorders except for
stroke, (4) the native language is Chinese and without
communication disorder and recognition disorder before the
first time stroke, (5) the AQ within one month and beyond one
year after first time stroke can be acquired from clinical record,
the AQ within one month after the second time stroke can be
obtained also, and (6) MRI data that one year after the first
stroke or within one week of the second time stroke can be
obtained to calculate ARCP. Forty -three patients met the
initial screening criteria. Among them, three patients with a
history of an epileptic seizure, three bilingual (Chinese and
Mongolian) patients, and four illiterate patients were excluded.
Finally, thirty-three patients were analyzed in this study.
According to the lateral of the second time stroke, they were
divided into an ipsilateral (dominant hemisphere, n=16) group
(IG) and contra lateral (non-dominant hemisphere, n=17)
group (CG)
Standard protocol approvals, registrations: This study was
conducted following the Declaration of Helsinki and approved
by the ethics committee of the First Affiliated Hospital of
Hebei North University (No. K2020263).As a retrospective
study of clinical record, the ethics committee has approved the
use of humans for this study, need not a written consent from
subjects.
ARCP calculation: The area of the cerebral peduncle was
measured (figure 1) by two neuroimagingexperts by the
method of Warabi et al.13at an MRI workstation, and experts
were blinded to the information of every enrolled patient.

RS: recurrent stroke. FS: first-time stroke. SRS: area of cerebral peduncle of
recurrent side. SFS: area of cerebral peduncle of first-time stroke side. Point A
and a represent the side of RS and FS lateral sulcus of the cerebral peduncle,
respectively. They are also the lateral start point of measurement of the
cerebral peduncle. The medial start points of the cerebral peduncle are point B
and b which represent the oculomotor sulcus of the RS side and FS side,
respectively. The calculation method of ARCP as below:
=

Figure 1. Measurement of cerebral peduncle and calculation of
ARCP

Aphasia quotient: The Chinese version of Western Aphasia
Battery (WAB)14 was used to evaluate the patients' language
function. Spontaneous speech, auditory comprehension,
repetition, and naming ability were evaluated. The result was
shown as an aphasia quotient (AQ). AQ less than 93.8 can be
diagnosed as aphasia. AQ was calculated as below:
=2×(
+
+
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The AQ score within one week after the first stroke was used
to quantify the affected language function by the first stroke
(AQpostFS).The AQ score more than one year after the first
stroke (the last one, before the recurrent stroke) was used to
quantify the recovery extent of PSA (AQpreRS). The AQ score
within one week after the recurrent stroke was used to quantify
the affected language function by the recurrent stroke
(AQpostRS).∆AQ represented the changing range of the PSA,
∆AQ1was defined as the improvement of PSA from the first
time stroke to the recurrent stroke, ∆AQ1= AQpreRS- AQpostFS;
∆AQ2 was defined as the deterioration of PSA after recurrent
stroke, ∆AQ2= AQpreRS- AQpostRS.
Statistical analyses: For all of the date, categorical variables
are presented as number of subjects (%) and were compared
using the Pearson’s chi-square test or Fisher’s exact method,
and Continuous variables were presented as mean [standard
deviation] ± and were compared using the independent sample
t-test. P<0.05 was considered as the result at a significant level.
Basedon previous study of our team and relevant study, we
have choosed ARCP=1.5 as a cutoff point, the patients in CG
and IG were divided into two subgroups respectively by the
cutoff point value of ARCP (ARCP≥1.5，and ARCP ＜1.5).
Correlation between ARCP and ∆AQ was performed by
Pearson correlation analysis method, degree of relevant
indicated by correlation coefficient (CC). Weak correlation,
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medium correlation, strong correlation defined as CC=0.1~0.3,
CC=0.3~0.5, CC>0.5, respectively. IBM SPSS Version 21
(IBM Corp., Armonk, New York, USA) was used for the
statistical analysis.
Data availability: The anonymized study data for the present
study are available from the corresponding author
(dxy8108@163.com) on reasonable request.

RESULTS

Comparison of ∆AQ1 and∆AQ2 between the two groups: As a
quantity index of recovery of PSA before the recurrent stroke, the
value of ∆AQ1 between CG and IG were compared by
independent sample t-test method. It was showed that the ∆AQ1in
the CG was 42.36 [13.67], in the IG was 44.36 [16.55], there was
no significant difference between the two groups (t=-0.379
p=0.707) (Figure 2A). As a quantity index of deterioration of PSA
after the recurrent stroke, the same method was conducted to
make a distinction between ∆AQ2 in CG and in IG, a significant
difference was found between the two groups (Figure 2B), the
value of ∆AQ2 in CG was higher than that in IG (38.54 [17.89]
vs. 27.03 [10.76], t=2.255, p=0.034).

General characteristic of the patients
The patients for this study contained: (1) eleven male and six
female in CG, (2) elevenmale and five female in IG, there was
no significant difference between the two groups. The mean
age of subjects as follows: (1) 54.76 [8.03] years for CG, (2)
53.94 [8.58] years for IG, no significant difference between the
two groups. The dominant hemisphere of the patients was: (1)
all the seventeen patients of CG for the left hemisphere, (2)
fifteen patients for the left hemisphere and one for the right
hemisphere.
The stroke types of each group was: (1)eight patients with
hemorrhagic stroke and nine patients with ischemia stroke in
CG when the first time stroke happened, (2)eight patients with
hemorrhagic stroke and eight patients with ischemia stroke in
IG when the first time stroke happened, (3) thirteen patients
with hemorrhagic stroke and four patients with ischemia stroke
of CG in recurrent stroke, (4) twelve patients with hemorrhagic
stroke and four patients with ischemia stroke of IG in recurrent
stroke, with no significant difference between the two groups.
The mean duration, AQpostFS, AQpreRS and mean ARCP of CG
and IG was compared respectively, there was no significant
difference between the two groups. The AQpostRS of IG
significant higher than that of CG (Table 1).
Table 1. Demographic and general clinical characteristics of
enrolled patients
Characteristic
Gender, n(%)
Female
Male
Age, y
Mean (SD)
Dominant hemisphere, n (%)
Right hemisphere
Left hemisphere
First stroke type, n (%)
Hemorrhagic
Ischemic
Recurrent stroke type, n (%)
Hemorrhagic
Ischemic
Duration
Mean (SD)
ARCP
Mean (SD)
AQpostFS score
Mean (SD)
AQpreRS score
Mean (SD)
AQpostRS score
Mean (SD)

CG (n=17)

IG (n=16)

6(35.29)
11(64.71)

5(31.25)
11(68.75)

54.76(8.03)

53.94(8.58)

0(0)
17(100)

1(6.25)
15(93.75)

8(47.06)
9(52.94)

8(50)
8(50)

13(76.47)
4(23.53)

12(75)
4(25)

4.44(2.03)

4.78(2.19)

1.39(0.15)

1.39(0.14)

28.59(14.03)

27.63(15.25)

70.95(2.79)

71.99(3.33)

32.42(18.73)

44.97(11.65)

p Value
0.8055

The characteristics of changing of aphasia quotient (AQ) in different period and groups
were demonstrated. AQ of pre-recurrent stroke (∆AQ1) and AQ of post-recurrent stroke
(∆AQ2) between the CG and IG were compared respectively in figure1. CG= contralateral
group; IG= ipsilateral group. ns: p 0.05 by independent sample t-test. *: p<0.05 by an
approximate independent sample t-test.

Figure 2. Change of AQ before and after recurrent stroke in the
two groups

Correlation of AQpreRS, AQpostRS, ∆AQ, and ARCP in CG: To
explore the correlation between the AQ of peri-recurrent stroke
period (AQpreRS, AQpostRS, ∆AQ1, and ∆AQ2) and asymmetry rate
of the cerebral peduncle (ARCP), a Pearson correlation analysis
was performed. There were significant correlation between ∆AQ1
and ARCP (r = 0.792, p<0.0001, 95% confidence interval 0.502 to
0.922) and between ∆AQ2 and ARCP(r = 0.940, p<0.0001, 95%
confidence interval 0.838 to 0.979) but not between AQpreRS and
ARCP (r = 0.213, p=0.411, 95% confidence interval -0.623 to
0.298). When considering the changing of aphasia after the
recurrent stroke, we observed a strong and significant correlation
between AQpostRS and ARCP (r = -0.930, p<0.0001, 95%
confidence interval -0.975 to -0.812). According to the results,
∆AQ1 and∆AQ2 showed a positive correlation with ARCP, and a
negative correlation presentedbetween ARCP and AQpostRS (Figure
3).

0.7767
0.2952

0.8658

0.9215

0.6403
0.9639
0.8523
0.3372
0.0287*

Abbreviations: CG = contralateral group; IG = ipsilateral group; ARCP
= asymmetry rate of cerebral peduncle; AQpostFS = The aphasia quotient
after the first time stroke; AQpreRS = The aphasia quotient pre-recurrent
stroke; AQpost-RS = The aphasia quotient post-recurrent stroke;*: p<0.05 .

The relationship (A, B)between aphasiac severity scale of pre- and post-recurrent stroke
and asymptomatic change of cerebral peduncle is shown as aphasiac quotient [AQpreRS and
AQpostRS] and asymmetry rate of the cerebral peduncle (ARCP). There is a significant
negative association between AQpostRS and ARCP, but between AQpreRS and ARCP. The
association (C, D) between changing range of AQ pre- and post-recurrent stroke and
ARCP is described as ∆AQ (∆AQ1, ∆AQ2) and ARCP. Patients with bigger ARCP value
showed a lager fluctuating in ∆AQ1 and ∆AQ2, and presented a positive correlation. CC:
correlation coefficient; CG: contralateral group; AQ: aphasiac quotient; ∆AQ represented
the changing range of the PSA, ∆AQ1 was defined as the improvement of PSA from the
first time stroke to the recurrent stroke, ∆AQ1= AQpreRS- AQpostFS; ∆AQ2 was defined
as the deterioration of PSA after recurrent stroke, ∆AQ2= AQpreRS- AQpostRS.

Figure 3. Correlation analysis of AQ and ARCP in CG
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Correlation of AQpreRS, AQpostRS, ∆AQ, and ARCP in
IG: For the patients who were suffered a recurrent stroke in
the ipsilateral hemisphere (dominant hemisphere), a
Pearson correlation analysis was employed to evaluate the
correlation between the AQ of peri-recurrent stroke period
(AQpreRS, AQpostRS, ∆AQ1, and ∆AQ2) and asymmetry rate
of the cerebral peduncle (ARCP).
Different from the correlation in contralateral group (CG),
there was a significant positive correlation between ARCP
and AQpostRS(r = 0.749, p=0.0008, 95% confidence interval
0.440 to 0.908). There was no significant correlation
between ARCP and AQpreRS. The change of AQ before
recurrent stroke (∆AQ1) and post recurrent stroke (∆AQ2)
are both shown a correlation with ARCP ([r = 0.886,
p<0.0001, 95% confidence interval 0.696 to 0.960] vs.[r = 0.690, p=0.003, 95% confidence interval -0.883 to -0.295]),
among them ∆AQ2 present a negative correlation with
ARCP (Figure 4).

The association (A, B)between aphasiac severity scale of pre- and post-recurrent stroke
and asymptomatic change of cerebral peduncle is shown as aphasiac quotient [AQpreRS and
AQpostRS] and asymmetry rate of the cerebral peduncle (ARCP). There is no significant
correlation between AQpreRS and ARCP (A). Opposite with tht in contralateral group, the
value of AQpostRS is showed a positive correlation with ARCP (B). The relationship (C, D)
between changing range of AQ pre- and post-recurrent stroke and ARCP is shown as
∆AQ (∆AQ1, ∆AQ2) and ARCP. A strong significant correlation (C) is observed between
∆AQ1 and ARCP. There is weak correlation between ∆AQ2 and ARCP (D). CC:
correlation coefficient; CG: contralateral group; AQ: aphasiac quotient; ∆AQ represented
the changing range of the PSA, ∆AQ1 was defined as the improvement of PSA from the
first time stroke to the recurrent stroke, ∆AQ1= AQpreRS- AQpostFS; ∆AQ2 was defined
as the deterioration of PSA after recurrent stroke, ∆AQ2= AQpreRS- AQpostRS.

Figure 4. Correlation analysis of AQ and ARCP in IG

Comparison of ∆AQ2 in different ARCP subgroups: In
the CG and IG, patients were divided into two subgroups by
the cutoff point (1.5) of ARCP, respectively. In CG,
subjects with an ARCP of more than 1.5 showed an
obviously worsened language function followed the
recurrent stroke, and presented a higher ∆AQ2 (56.77
[2.98]) than patients with ARCP less than 1.5 (25.77
[11.11]), there was a significant difference between the two
subgroups (t=7.142, p<0.0001) ( Figure 5A).
Surprisingly, a contrary consequence was observed in IG,
patients with ARCP of more than 1.5showed a lower∆AQ2
(19.08 [11.44]) than the patients with ARCP of less than 1.5
(30.64 [8.68]), with a significant difference (t=2.244,
p=0.042) ( Figure 5B).

Comparison of ∆AQ2 in different ARCP subgroups (ARCP>1.5 and ARCP<1.5) in CG, a
two-sample t-test was performed. ARCP=1.5 as a cutoff point has been widely used
previous studies, here, as a boundary of obvious asymmetry and unobvious asymmetry of
cerebral peduncle. ****: p<0.0001; *: p<0.05, by independent sample t-test. CG=
contralateral group; ∆AQ represented the changing range of the PSA, ∆AQ2 was defined
as the deterioration of PSA after recurrent stroke, ∆AQ2= AQpreRS- AQpostRS. ARCP=
asymmetry rate of the cerebral peduncle.

Figure 5. Comparison of ∆AQ2 in different
ARCP subgroups in CG

Influence factors of the recovery capacity of PSA: In the
present study, the quantitative criterion of the recovery
capacity of PSA was ∆AQ1. All the enrolled patients had
received the same language training guidance from the
rehabilitation physician after first-time stroke. The influence
factors of this study included: age, gender, duration, and stroke
types. In the CG, mean ∆AQ1 for hemorrhagic stroke was
40.79 [12.82], for ischemic stroke was 43.37 [15.01], there was
no significant difference between the stroke types (t=0.437,
p=0.668); mean ∆AQ1 for male patients was 39.82 [14.15], for
female patients was 47.03 [12.54], there was no significant
difference between genders (t=-1.0427, p=0.314). We also
have not found a significant association between duration (r=0.072, p=0.785) and ∆AQ1, and between age (r=-0.467,
p=0.059) with ∆AQ1. In the IG, mean ∆AQ1 for hemorrhagic
stroke was39.31 [12.63], for ischemic stroke was 49.41
[19.22], there was no significant difference between the stroke
types (t=1.242, p=0.235); mean ∆AQ1 for male patients was
41.83 [16.24], for female patients was 49.94 [17.57], there was
no significant difference between genders (t=-0.903, p=0.382).
There was no significant correlation between duration (r=0.118, p=0.663), age (r=0.434 p=0.093) and ∆AQ1.
AQ, ∆AQ, ARCP in special subjects: In our study, there
were six patients (three male and three female, two in CG, four
in IG, mean age is 54.33[10.61])suffered a first-time chronic
ischemic hemispherical stroke in dominant hemisphere (left),
nearly global aphasia was manifested following the stroke. The
mean AQ after first-time stroke was significantly lower than
that of others (6.75 [7.68] vs. 32.87[10.74],t=5.617,
p<0.0001).Through years (3.92 [2.26]) of recovery, the mean
AQ increased, until before the recurrent stroke, there was no
significant difference between AQ of the special subjects and
AQ of others(71.85[5.07] vs. 71.37 [2.56], t=-0.225, p=0.830),
besides, the recovery duration between them was not shown a
significant difference (4.20 [2.08] vs. 4.69 [2.11], t=-5.19,
p=0.608).However, followed the recurrent stroke two of six
patients in CG showed an almost global aphasia
(AQpostRS=11.50[2.12]), on the contrary, four of six patients in
IG presented a mild changing in language function
(∆AQ2=15.38 [9.10]). When the ARCP was concerned, we
observed special subjects with a higher ARCP, there was a
significant difference between special subjects and others (1.56
[0.05] vs. 1.36 [0.13], t=-6.367, p<0.0001).
The hypothesis process and mechanism of recovery of PSA
Based on the direct and actual clinical evidence, and
correlation analysis between aphasia recovery and relevant
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factors, we considered the synergistic effect between the
dominant hemisphere and the non-dominant hemisphere as the
key mechanism in the process of recovery of PSA (figure 6).

Figure 6. Process and mechanism of recovery of PSA

LC=language cortex, it’s in the dominant hemisphere and
present as a green area; PLC=potential language cortex, it’s in
the non-dominant hemisphere, present as a red area (silent
state). The red dotted line (unactivated) means a potential
network from LC to PLC which can be activated when the
dominant hemisphere suffering a stroke. The green descend
curve line derived from the dominant hemisphere means the
signals from LC to speech organ. The red descend curve line
derived from the non-dominant hemisphere means the
potential compensative signaling pathway from PLC to speech
organ, it can produce compensative language signal in
common condition (figure 5a). The green and yellow color bar
under every demo picture mean the degree of aphasia, green
means normal language, and yellow means aphasia. The green
dotted line means potential feedback signals from activated
PLC to LC (figure 5a). The dotted line will become a solid line
(activated state) when LC starts the activation signal (figure
6e). The activated proceed is a cycled procedure with
continuous activating and feed backing.
The upper three demo pictures show the process of post-severe
stroke aphasia recovery. From the pictures we can see that
there is no signal from LC to PLC (unactivated) which ascribe
to extensive severe injury of dominant hemisphere (figure 5b),
the speech organ only accepts fewer compensative language
signal from PLC and present a poor outcome (figure 5c). When
the recurrent stroke happened in PLC the speech organ would
lose all of the language signal (figure 5d). The patients would
become global aphasia.
The below three demo pictures show the process of post-mild
to moderate stroke aphasia recovery. From the pictures, we can
see that there is a fewer signals from LC to speech organ
followed the first stroke which caused post stroke aphasia
(figure 5e). Meanwhile, the PLC is activated by the LC and
then feedback to LC, with time going the PLC accept more and
more activation and send out more compensative signal to
speech organ in the recovery procedure of aphasia and present
a better outcome (figure 5f). When the recurrent stroke
happened in PLC the speech organ would lose the
compensative language signal (figure 5g). The patients’
aphasia becomes worsen.

DISCUSSION
This direct clinical evidence-based study stressed the crucial
role of the non-dominant hemisphere and the synergistic effect
of both hemispheres in the process of recovery of PSA. In the
past decades there were a growing number of studies focusing
on the recovery of PSA1-4, 6, 15-17, however, up to now, few
studies could explain which hemisphere is responsible for
language repair confirmly5, 7, 818, which ascribe to inadequate of
direct clinical evidence. The cerebral spinal tract (CST), as the
largest descending motor tract, pass through the cerebral
peduncle downward to brain stem and spine. Injury of CST
would lead to an atrophic change of cerebral peduncle, which
caused asymmetry of cerebral peduncle19, 20. So, ARCP has
been used to evaluate and predict motor function for single
hemispherical diseases. However, Some studies found that
patients with PSA recovered combined with limb rehabilitation
training after brain stroke21, 22. Hertrich et al. 23And Turkeltaub
et al. 24indicated that supplementary motor areas and
cerebellum participate in language proceeding. Ivanova et al.
25
And Sollmann et al.26had used tractography to access the
correlation between language function and CST, and noted that
major white matter tracts implicated in language processing in
each hemisphere. To our knowledge, this is the first study to
analyze the correlation between ARCP and language function
for patients with PSA.
Previous studies have demonstrated that PSA recovery was a
dynamic and complex process, which involved both
hemispheres10, 18. Studies about language and comprehension
training after PSA showed that both hemispheres were
involved in the process of the therapy27, 28. Similar to our
study, patients obtained a different recovery of PSA after the
first time of stroke, the mechanism of recovery was the
synergistic effect between dominant hemisphere and nondominant hemisphere (figure 5). Before the recurrent stroke,
some extent of language function compensated or reorganized
in the non-dominant hemisphere, the validated clinical
evidence was the significant decline of AQ followed the
recurrent stroke in CG. Several studies have shown that the
value of ARCP could be used as a quantity index of severity of
dominant hemisphere20, 29.
With more Wallerian degeneration happened in the affected
hemisphere, the cerebral peduncle became smaller, and which
result in a higher ARCP value. In our study, patients with a
higher ARCP showed a higher ∆AQ1 in both CG and IG,
which means more language function was compensated or
reorganized in the non-dominant hemisphere, vice versa.
Patients with a higher ARCP showed a higher ∆AQ2 (Figure
2) in CG and a lower ∆AQ2 (Figure 3) in IG, which means
more compensative language function was lost and more
compensative language function survival, respectively. In the
present study, we hypothesized that the potential capacity of
language reparation of the non-dominant hemisphere was
activated by the dominant hemisphere after the first stroke. For
the six patients with severe hemispherical stroke in the
dominant hemisphere, reduced the activation signal that
transmit to the non-dominant hemisphere, result in a
decompensation of PSA of the non-dominant hemisphere, and
finally, caused a deterioration of language function. Similar
studies 30, 31shown that the non-dominant hemisphere was
difficult to compensate PSA completely.
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The recovery of aphasia after stroke will be better if it is
mainly compensated by the dominant hemisphere. If a severe
stroke or permanent injury happened in the dominant
hemisphere extensively, less or no activation and feedback
signal would be produced between the two hemispheres, which
left an unfavourite recovery of PSA and mainly benefit from
the non-dominant hemisphere, moreover, the debilitated
speech function would be destroyed thoroughly followed a
recurrent stroke in the non-dominant hemisphere (figure 6b-d).
Various recent studies have shown that Initial aphasia severity
and lesion size could be used to predict the outcome of PSA32,
which was similar to our study. According to our hypotheses,
mild or reversible stroke in the dominant hemisphere would
transmit less activation signal to the non-dominant hemisphere
and received less feedback signal from the non-dominant
hemisphere, the reparation of the abnormal language network
mainly independently in the dominant hemisphere. Meanwhile,
the mild or reversible injury would not contribute to an
obvious morphological change of cerebral peduncle, left a
lower ARCP. In this study, patients with lower ARCP showed
higher AQpostRS and lower ∆AQ2 in CG, which means without
significant loss of language function followed the recurrent
stroke in the non-dominant hemisphere, the main language
function pre-exist in the dominant hemisphere for those
subjects.
An obvious atrophic change of the cerebral peduncle is
associated with significant damage in the ipsilateral
hemisphere33, which leads to a higher ARCP. ARCP more than
1.5 was considered a significant index correlated with motor
function20, 29, 34. For the present study, in the CG, patients with
an ARCP more than 1.5 present a significant higher ∆AQ2
than patients with ARCP less than 1.5 ( figure 5), and in the IG
there were six patients with ARCP of more than 1.5, all the six
patients have not shown significant change after recurrent
stroke, which means most language function in the nondominant hemisphere of the patients with ARCP of more than
1.5. However, patients with acute severe hemispherical stroke
result in a worse outcome than patients with chronic
hemispherical diseases35, which due to the weakened
synergistic effect after the sudden attack in dominant
hemisphere (figure 6b-d).The early recovery mechanism of
PSA may different from those involved in long-term
recovery36.
There were several limitations in our study as follows: as a
retrospective study we only can use the clinical data passively,
and the small sample made it’s impossible to consider more
affected factors statistically, such as lesion location, duration,
age and adjuvant treatment procedures. However, in our small
sample study, the factors: age, gender did not showed a
significant correlation with ∆AQ1, the result consistent with
Watila37. In this study we employed strict inclusion criteria,
such as: stroke in basal ganglia or/and thalamus, patients
without communication disorder and recognition disorder
before the first time stroke, besides, patients with a history of
an epileptic seizure, bilingual and illiterate patients were
excluded in this study. Nevertheless, the value of nondominant hemisphere in the recovery of PSA was confirmed
by direct clinical evidence, and the correlation between ARCP
and AQ. Cognitive impairment after stroke maybe a
noteworthy that could retard recovery of PSA38, 39, it was not
analyzed in this study. To make the findings more valid, a
prospective study with a large sample and multimode
evaluation methods should be conducted in the near future40, 41.

Conclusion
Above all, our study showed that in the process of recovery of
PSA, the non-dominant hemisphere played a very important
role in reparation of incomplete language network, and we can
also confirm that more compensative language function in the
non-dominant hemisphere for patients with a higher ARCP,
especially when the patients with an ARCP more than 1.5. The
synergistic effect between the two hemispheres is the key
mechanism of PSA recovery.
Study funding: This study is supported by grants from
Research Fund for Hebei Province technology innovation
guidance plan project (No. 19977797D), Key medical science
and technology research plan of Hebei Health Commission
(No.20200514).

REFERENCES
1.

Berthier ML. 2005. Poststroke aphasia: epidemiology,
pathophysiology and treatment. Drugs Aging.. 22(2):
163-82.
2. Biou E, Cassoudesalle H, Cogné M, et al. 2019.
Transcranial direct current stimulation in post-stroke
aphasia rehabilitation: A systematic review. Ann Phys
Rehabil Med., 62:104-121.
3. Yao L, Zhao H, Shen C, et al. 2020. Low-Frequency
Repetitive Transcranial Magnetic Stimulation in Patients
With Poststroke Aphasia: Systematic Review and MetaAnalysis of Its Effect Upon Communication. J Speech
Lang Hear Res., 63:3801-3815.
4. Dignam J, Copland D, McKinnon E. et al., 2015.
Intensive Versus Distributed Aphasia Therapy: A
Nonrandomized, Parallel-Group, Dosage-Controlled
Study. Stroke. 46:2206-11.
5. Winhuisen L, Thiel A, Schumacher B, et al. 2007. The
right inferior frontal gyrus and poststroke aphasia: a
follow-up investigation. Stroke. 38:1286-92.
6. Abo M, Kakuda W, Watanabe M, et al., 2012.
Effectiveness of low-frequency rTMS and intensive
speech therapy in poststroke patients with aphasia: a pilot
study based on evaluation by fMRI in relation to type of
aphasia. Eur Neurol. 68:199-208.
7. Stockert A, Wawrzyniak M, Klingbeil J, et al. 2020.
Dynamics of language reorganization after left temporoparietal and frontal stroke. Brain.143:844-861.
8. Raboyeau G, De Boissezon X, Marie N. et al., 2008.
Right hemisphere activation in recovery from aphasia:
lesion effect or function recruitment. Neurology. 70:2908.
9. Yang M, Yang P, Fan YS, et al., 2018. Altered Structure
and Intrinsic Functional Connectivity in Post-stroke
Aphasia. Brain Topogr.31:300-310.
10. Qiu WH, Wu HX, Yang QL, et al., 2017. Evidence of
cortical reorganization of language networks after stroke
with subacute Broca's aphasia: a blood oxygenation level
dependent-functional magnetic resonance imaging study.
Neural Regen Res., 12:109-117.
11. Petrovich N, Holodny AI, Tabar V. et al., 2005.
Discordance between functional magnetic resonance
imaging during silent speech tasks and intraoperative
speech arrest. J Neurosurg., 103:267-74.

17050

International Journal of Current Research, Vol. 13, Issue, 04, pp.17044-17050, April, 2021

12. Janecek JK, Swanson SJ, Sabsevitz DS, et al., 2013.
Language lateralization by fMRI and Wada testing in 229
patients with epilepsy: rates and predictors of
discordance. Epilepsia. 54:314-22.
13. Warabi T, Miyasaka K, Inoue K. et al., 1987. Computed
tomographic studies of the basis pedunculi in chronic
hemiplegic patients: topographic correlation between
cerebral lesion and midbrain shrinkage. Neuroradiology.,
29:409-15.
14. Shewan CM, Kertesz A. 1980. Reliability and validity
characteristics of the Western Aphasia Battery (WAB). J
Speech Hear Disord., 45:308-24.
15. Blom-Smink M, Verly M, Spielmann K, et al., 2020.
Change in Right Inferior Longitudinal Fasciculus
Integrity Is Associated With Naming Recovery in
Subacute Poststroke Aphasia. Neurorehabil Neural
Repair., 34:784-794.
16. Wortman-Jutt S, Edwards D. 2019. Poststroke Aphasia
Rehabilitation: Why All Talk and No Action.
Neurorehabil Neural Repair. 33:235-244.
17. Hillis AE, Beh YY, Sebastian R. et al., 2018. Predicting
recovery in acute poststroke aphasia. Ann Neurol.,
83:612-622.
18. Jodzio K, Drumm DA, Nyka WM, et al. 2005. The
contribution of the left and right hemispheres to early
recovery from aphasia: a SPECT prospective study.
Neuropsychol Rehabil., 15:588-604.
19. Domi T, deVeber G, Mikulis D. et al., 2020. Wallerian
Degeneration of the Cerebral Peduncle and Association
with Motor Outcome in Childhood Stroke. Pediatr
Neurol., 102:67-73.
20. Du XY, Chen SC, Guan YG, et al. 2018. Asymmetry of
Cerebral Peduncles for Predicting Motor Function
Restoration in Young Patients Before Hemispherectomy.
World Neurosurg., 116:e634-e639.
21. Primaßin A, Scholtes N, Heim S. et al. 2015.
Determinants of Concurrent Motor and Language
Recovery during Intensive Therapy in Chronic Stroke
Patients: Four Single-Case Studies. Front Neurol., 6:215.
22. Haldin C, Acher A, Kauffmann L. et al., 2018. Speech
recovery and language plasticity can be facilitated by
Sensori-Motor Fusion training in chronic non-fluent
aphasia. A case report study. Clin Linguist Phon., 32:595621.
23. Hertrich I, Dietrich S, Ackermann H. 2016. The role of
the supplementary motor area for speech and language
processing. Neurosci Biobehav Rev., 68:602-610.
24. Turkeltaub PE, Swears MK, D'Mello AM. et al., 2016.
Cerebellar tDCS as a novel treatment for aphasia?
Evidence from behavioral and resting-state functional
connectivity data in healthy adults. Restor Neurol
Neurosci. 34:491-505.
25. Ivanova MV, Isaev DY, Dragoy OV. et al., 2016.
Diffusion-tensor imaging of major white matter tracts and
their role in language processing in aphasia. Cortex.,
85:165-181.

26. Sollmann N, Zhang H, Fratini A, et al., 2020. Risk
Assessment by Presurgical Tractography Using
Navigated TMS Maps in Patients with Highly Motor- or
Language-Eloquent Brain Tumors. Cancers (Basel)12.
27. Fleming V, Brownsett S, Krason A. et al. 2020. Efficacy
of spoken word comprehension therapy in patients with
chronic aphasia: a cross-over randomised controlled trial
with structural imaging. J Neurol Neurosurg Psychiatry.
28. Stephens M. 2017. The Effectiveness of Speech and
Language Therapy for Poststroke Aphasia. Am J Nurs.,
117:19.
29. Mullin JP., Soni P., Lee S. et al., 2016. Volumetric
Analysis of Cerebral Peduncles and Cerebellar
Hemispheres for Predicting Hemiparesis After
Hemispherectomy. Neurosurgery., 79:499-507.
30. Szaflarski JP, Allendorfer JB, Banks C. et al., 2013.
Recovered vs. not-recovered from post-stroke aphasia:
the contributions from the dominant and non-dominant
hemispheres. Restor Neurol Neurosci. 31:347-60.
31. Karbe H., Thiel A., Weber-Luxenburger G. et al., 1998.
Brain plasticity in poststroke aphasia: what is the
contribution of the right hemisphere. Brain Lang.,
64:215-30.
32. Osa García A, Brambati SM, Brisebois A. et al. 2020.
Predicting Early Post-stroke Aphasia Outcome From
Initial Aphasia Severity. Front Neurol. 11:120.
33. Mark VW, Taub E, Perkins C. et al., 2008. Poststroke
cerebral peduncular atrophy correlates with a measure of
corticospinal tract injury in the cerebral hemisphere.
AJNR Am J Neuroradiol. 29:354-8.
34. Chan AY, Urgun K, Tran DK, et al., 2019. Cerebral
Peduncle Volume and Motor Function Following Adult
Hemispherectomy. World Neurosurg.,126:156-159.
35. Flowers HL, Skoretz SA, Silver FL. et al., 2016.
Poststroke Aphasia Frequency, Recovery, and Outcomes:
A Systematic Review and Meta-Analysis. Arch Phys Med
Rehabil., 97:2188-2201.e8.
36. Godecke E, Hird K, Lalor EE, et al. 2012. Very early
poststroke aphasia therapy: a pilot randomized controlled
efficacy trial. Int J Stroke.,7:635-44.
37. Watila MM, Balarabe SA. 2015. Factors predicting poststroke aphasia recovery. J Neurol Sci., 352:12-8.
38. Bhogal SK, Teasell R, Speechley M. 2003. Intensity of
aphasia therapy, impact on recovery. Stroke. 34:987-93.
39. Gilmore N, Meier EL, Johnson JP. et al., 2019.
Nonlinguistic Cognitive Factors Predict TreatmentInduced Recovery in Chronic Poststroke Aphasia. Arch
Phys Med Rehabil.,100:1251-1258.
40. Rosenberg MD, Song H. 2020. Predicting post-stroke
aphasia from brain imaging. Nat Hum Behav.4:675-676.
41. Zavanone C, Samson Y, Arbizu C, et al. 2018. Critical
brain regions related to post-stroke aphasia severity
identified by early diffusion imaging are not the same
when predicting short- and long-term outcome. Brain
Lang. 186:1-7.

*******

