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Background: The psychophysiological changes for individual suffering from chronic
post-traumatic stress disorder (PTSD) raise to the questions of how facilitate recovery
and return to work. Negative alterations in neuro-cognition remain a complaint for patients
and participate to long-term functional impairments. Neurological soft signs (NSSs)
appear as a candidate for better understanding these complaints. They have been
reported in several mental disorders. They are found in several behavioral and/or
neurocognitive disorders and are taken into account by psychiatric rehabilitation
programs to support recovery. As few studies evaluate NSSs in PTSD, our exploratory
study aims to assess NSSs in chronic PTSD and their relationships with PTSD severity.

Method: Twenty-two patients with a clinical diagnosis of chronic PTSD were evaluated in
terms of PTSD severity (post-traumatic checklist scale, PCL5), NSSs (NSSs psychomotor
skills scale, PASS), and well-being upon arrival to the hospital and compared with 15
healthy subjects. Statistical non-parametric analyses assessed the relationships between
these variables.

Results: PTSD subjects exhibited higher NSSs compared with healthy subjects. NSSs
were positively associated with PTSD severity, with negative alterations in cognition and
mood, and with impairment in well-being. They were higher in women compared with
men. No impact of age was found. Three groups were identified based on the severity of
the PTSD. Severe PTSD exhibited NSSs characterized by motor integration alterations.

Conclusions: This pilot study suggests that NSSs might be a biomarker of PTSD
severity. This proof of concept highlights the need for further research for better
evaluating the clinical neuro-functional impairment. This will be helping for defining
neurological remediation for promoting PTSD recovery.
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INTRODUCTION

Post-Traumatic Stress Disorder
Post-traumatic stress disorder (PTSD) is a debilitating mental
disorder that may develop after experiencing or witnessing a life-
threatening event. The main characteristics of PTSD are re-
experiencing symptoms, avoiding situations that recall the event,
negative alterations in cognition and mood and hyperarousal (1).
PTSD is associated with impairment in social, occupational and
other domains (2) for at least one month. Once those symptoms
have been observed for 3 months, PTSD is considered as a chronic
disorder (3). Furthermore, the prevalence of comorbidities is high
including: depression, substance use disorders and general physical
health effects (4, 5).

The lifetime PTSD prevalence was found to range from 1% to
7% in Europe (5). According to the country and the type of
trauma, the mean 12-month prevalence of PTSD is between 25%
and 50% (6). Among the military, PTSD prevalence is highly
dependent on the violence of the mission; the higher the combat
exposure is, the higher PTSD prevalence is (up to 20%) (7).

Despite appropriate care, treatment response is variable and
almost 20% of the patients do not show condition’ improvement.
This variability in response treatment arises from (i) the lack of
research in precision medicine (i.e., which treatment suits best
the patient) and (ii) the nature of the physiopathology of the
PSTD (8). In a 20-year longitudinal study conducted on 214
veterans with initial combat stress reaction, Solomon and
Mikulincer (2006) highlighted the volatility of chronic stress
with a relapse observed in 40% of the recovering subjects within
one year of remission (9).

Currently available tools for assessing prognosis when PTSD
are inadequate. Impairments in emotional, self-regulatory, and
cognitive functions are biomarkers of interest when regarding
their critical influence on post-traumatic processing, treatment
efficiency and recovery. PTSD has been associated with negative
emotions (10), disturbed positive resources (11), as well as
impairments in the ability to effectively regulate emotions (12).
Moreover, a number of prospective studies indicate that
emotional regulation difficulties hinder recovery from PTSD
symptoms post-trauma (13).

Putative neural mechanisms underlying the PTSD symptoms
involve altered brain regions including the hippocampus and
amygdala as well as cortical regions including the anterior
cingulate, insula, and orbitofrontal regions (14, 15). These brain
alterations have an impact on connection to neural circuits that
mediates adaptation to stress and fear conditioning. Altogether,
these brain disorders have been proposed to have a direct link to the
emotional, self-regulatory, and cognitive impairments in PTSD (16).

Despite advances in the understanding of the neural circuitry
associated with emotional, self-regulatory impairments and how
they impact prognosis by disturbing treatment outcomes, there is a
paucity of research investigating the global cognitive dysfunctions
in PTSD. Nevertheless, cognitive deficits are one of the most
consistent predictors of chronic disability found among both
younger and older people with psychiatric illness (17–19). It is
well-known that PTSD is associated with decrements in multiple
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cognitive systems, including processing speed, learning, memory,
and executive function (20–22) and inability to divert attention
away from trauma-provoking stimuli (21, 23, 24). Such deficits are
well-known to increase the effects of psychosocial stressors related
to physical health behaviors (25), academic and vocational
productivity (26), and interpersonal relationships (27).

Interestingly, literature reports associations of neurological soft
signs (NSSs) with poor cognitive performance in healthy subjects
(28–31) as well as in patients with chronic psychiatric diseases, such
as schizophrenia (32, 33), and bipolar subjects (34, 35). NSSs are
objective performance measures of sensorimotor, reflexive,
perceptual, and cognitive capabilities. They reflect minor
neurological abnormalities thought to be manifestations of a
minor nonspecific cerebral dysfunction (either localized or diffuse)
which yield subtle indicators of brain dysfunctions (30). NSSs are
different from the “hard” neurological signs. The latter are often
indicative of a basic sensory or motor deficit that is considered to be
directly related to an injury to a specific brain region. Recent studies
using non-clinical samples have suggested that neural correlates of a
cognitive function are likely to be distributed throughout the brain
rather than localized to specific areas (36, 37). A similar proposal
has been considered for NSSs (30), NSSs have been found to be
elevated in a variety of mental disorders, with more than 100 studies
of NSSs in the psychiatric literature (Pubmed search). A meta-
analysis establishes a link between the NSSs and the biological
markers of psychiatric vulnerability (38). This shows the interest of
NSSs for prognosis of a psychiatric disease all the more that
examination of NSSs entails low-tech, inexpensive, relatively brief,
and readily administered clinical maneuvers. Furthermore, studies
with bipolar suffering suggest that NSSs would progress only
minimally with increasing age (35).

Although NSSs have been less investigated in PTSD, they were
reported in male veterans with chronic combat-related PTSD (but
not in combat-exposed veterans without PTSD) as in adult females
with PTSD as a result of childhood sexual abuse (39). In these
populations, NSSs were associated with more reported
neurodevelopmental problems, e.g., attention deficit, motor
hyperactivity, and learning problems (39). However, NSSs were
not found in the veteran nurses with PTSD (40). These conflicted
results question the role of premorbid neurodevelopment as a risk
factor for NSSs in PTSD when traumatic exposure. They also
highlight three major gaps in the literature regarding the role of
NSSs in PTSD: (1) the pertinence of NSSs as a biomarker of PTSD
severity and prognosis, (2) the domain specificity of the
involvement of NSSs in cognitive performance, and (3) whether
there is sex difference.

This study aims to be a proof of concept in the exploration of
the relationship between PTSD severity and NSSs.
MATERIALS AND METHODS

Participants
Two groups of voluntary civilian subjects were recruited: 22
patients suffering from PTSD through the psychiatric
October 2020 | Volume 11 | Article 533662
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consultation in public hospitals of Marseille and Perpignan
(France) and 15 healthy subjects matching according to age
and gender through the personal from hospitals of Marseille.
This study received the agreement of the ethics committee of the
French military health service (MHS). After a complete
description of the study, written informed consent for
participation in this low-risk study was obtained.

Protocol
Informed and volunteer patients with at least one positive
response in the criterion A as described in the DSM5 and
clinically evaluated by a psychiatrist with a diagnosis of
chronic PTSD (more than 6 months since the first psychiatrist
PTSD diagnosis without improvement) were included in the
study. Self-reported left-handed was a non-inclusion criterion.
After their consultation, patients were screened with the
following assessments: PTDS severity, well-being and NSSs.
These assessments lasted 2h and 30 min.

Informed and volunteer control subjects

Variables
For each subject, the collected socio-demographic included: age,
gender, and the number of major stresses encountered in
professional and personal environments over subject lifetime.

NSSs were also evaluated using Psychomotor Assessment of
the Sweet Signs (PASS) [(41); http://www.psychomot.ups-tlse.
fr/EPSID.pdf]. This hetero-questionnaire was developed using
the available scale for assessing the NSSs. It was validated in a
French population of children and adults. Processing the PASS
requires very few materials. Only the test of stereognosies
requires the use of the following equipment: a key, a coin, a
button, a battery, a dice, a clothespin. Twenty-seven tasks were
evaluated and combined in 9 categories of NSSs: (i) walking
evaluation implying different types of walking (tasks 1 to 5), (ii)
static and dynamic equilibrium (tasks 6 to 8), (iii) perseverance
in task (task 9), (iv) tonus (tasks 12 to 15), (v) motor integration
included complex and simple sequences of motor coordination
(tasks 10, 11, and 19 to 25), (vi) sensory integration (tasks 28–
30), (vii) dysrhythmias (tasks 6, 10, 11, and 20 to 25), (viii)
synkinesis (tasks 10 and 20–25), and (ix) somatognosis and
spatial self-perception (tasks 26–27). A total score is calculated
from the 27 tasks. Scores range from 0 (no NSS) to 135
(maximum errors for each evaluated task). An evaluation of
manual laterality coefficient (handedness) was realized at the
end of the PASS. No cut-off has been validated for this scale.

For PTSD Subjects (PTSD Group)
In addition to the PASS, patients completed the two
following questionnaires.

The auto-questionnaire used to assess PTSD severity was the
PTSD Check List Scale (PCL-5) (1, 42). It assesses the following
four symptoms: re-experiencing symptoms, avoiding situations
that recall the event, hyperarousal and impairment of cognitive
and emotional affects. Higher scores indicate higher severity. The
cut-off point proposed by the National Center for PTSD is a
score above or equal to 33.
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Well-being was assessed using the Warwick-Edinburgh
Mental Well-Being Scale (WEMWBS) (43, 44). This auto-
questionnaire covers both affective constructs (including
the experience of happiness) and constructs representing
psychological functioning and self-realization (45). This is a 14-
item scale on thoughts and feelings over the past week; each item
ranges from (1) “none of the time” to (5) “all of the time”. Higher
scores indicate higher well-being. No cut-off has been validated
for this scale.

For Healthy Subjects (Control Group)
In addition to the PASS, healthy subjects were assessed by a psychiatrist
using the structured Mini-International Neuropsychiatric Interview
(46) to check for the absence of a psychiatric disorder and to screen
for potential psychiatric disorders.

Statistical Analysis
Data analyses were performed using the Statistica (Stastsoft
France, Maison Alfort, v7.1) software.

The values are expressed as mean ± standard error of
mean. Correlations were done using Bravais-Pearson analyses.
Comparisons between groups were performed using Pearson’s chi-
square test forvariableswith severalmodalities andusing t-test for the
quantitative data or nonparametric Kruskal-Wallis analyses as they
did not have a normal distribution.

For the PTSD group, we characterized patients according to
PTSD diagnosis and severity. Three groups were defined
according to the PCL5 score: a group with a score under 33
(group with minimal PTSD; Minor PTSD), a group with a score
under the median of the PCL5 score of our population (group
with moderate PTSD; Moderate PTSD), and a group with a score
above the median of the PCL5 score of our population
(group with severe PTSD; Gr Severe PTSD). Between group
comparisons were performed using Kruskal-Wallis test
followed by Dunn’s post-hoc test (including Bonferroni
correction) (47, 48). The statistical threshold of significance
was set at p < 0.05. The trends are taken in consideration
when p < 0.10.
RESULTS

Population Description
For the PTSD group, 22 patients were included in the study, 16
females (72.73%) and 6 males (27.27%). They were on average
37.86 (± 12.74) years old aged with a median age of 34.5. The
clinical evaluation confirmed PTSD diagnosis for each subjects.

Average score of the clinical severity at PCL5 was 52.35 (± 19.8)
and the median value of scores of the PCL5 was 55 (range: 15–84).
Negative correlations were found between age and PCL5 score
(r2 = −0.41, p = 0.06), as between PCL5 score and negative mood
and cognition (r2 = −0.48, p = 0.028) and hyperarousal (r2 = −0.47,
p = 0.03) sub-scores.

Average score of the WEMWBS was 47.77 (± 15.15) and the
median value of scores of the PCL5 5 was 51.5 (range: 28–60).
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Negative correlations were found between WEMWBS and PCL5
scores (r2 = −0.61, p = 0.003), as between WEMWBS and
negative alterations in cognitions and mood (r2 = −0.71, p <
0.001) and hyperarousal (r2 = −0.57, p = 0.007) sub-scores. No
correlation was found between age and WEMWBS score (r2 =
0.25, p = 0.26).

Concerning the PASS evaluation, the laterality coefficient
showed that 18 (81.81%) of the patients were right-handed
among which 68.18% of the patients had a right handedness
coefficient of 100. Three (13.63%) had a coefficient between
20 and 80; one subject (4.54%) had a coefficient of −30,
meaning that this patient was left-handed. Average score of
the NSSs was 14.04 (± 15.15) and the median value of scores
of the PASS is 6.5 (range: 1–45.75) (Table 1). Positive
correlations were found between PASS and PCL5 scores
(r2 = 0.69, p < 0.001), as between PASS score and
intrusions (r2 = −0.48, p = 0.028), negative alterations in
cognitions and mood (r2 = −0.59, p = 0.005) and hyperarousal
(r2 = −0.73, p < 0.001) sub-scores. A negative correlation was
Frontiers in Psychiatry | www.frontiersin.org 4
found between PASS and WEMWBS scores (r2 = −0.36, p =
0.10). No correlation is found between age and WEMWBS
score (r2 = −0.16, p = 0.46).

A gender effect was observed for the NSSs with higher NSSs
total score and some of the sub-scores (or tendencies) for females
(Table 1). Females exhibited higher PCL5 score (W = 16, p = 0.2),
with higher alterations in arousal and reactivity (W = 7, p = 0.003)
sub-score, and a trend to higher intrusions (W= 24, p = 0.08)
sub-score.Nogender differencewas not found forWEMWBS score
(W= 66.5, p = 0.18).

No difference was found between the two centers for each of
the scales’ score.

For the control group, 15 healthy subjects were included, 8
females (53.33%) and 7 males (46.67%). They were on average
35.8 (± 11.11) years old aged with a median age of 30. The
clinical evaluation from the MINI confirmed the absence PTSD
and other psychopathological diagnosis for each of the subjects.
The number of traumatic life event was zero for each of
the subjects.
TABLE 1 | Mean scores, standard deviations (±), medians, and ranges for the main items of the PASS with significant gender effect, with left or right precision when
necessary.

My ± ET Median Range
Min-Max

Gender effect
p

NSSs total score 14.04 ± 15.15 6,5 1–45.75 0.007
Spontaneous tempo (s) 11.03 ± 2.51 11 6.83–14.86 0.028
Fastest tempo (s) 7.05 ± 3.24 5.93 3.02–13
Walking Gait 0.26 ± 0.54 0 0–2

Gait on tiptoes 0.40 ± 0.66 0 0–2
Gait on heels 0.71 ± 0.78 1 0–2
Gait with inversion/eversion 1.52 ± 1.57 1 0–5
Gait with heel-and-toe 1.14 ± 1.42 0 0–4

Static and dynamic equilibrium Jumping up and down on one foot* 1.62 ± 2.42 0.5 0–8
Lowest time of unipodal equilibrium (s)** 0.35 ± 0.75 0 0–3
Average time of unipodal equilibrium (s)** 35.71 ± 24.21 28.25 3.83–71 0.038 Right

0.077 Left
Romberg stability* 0.57 ± 0.73 0 0–2

Protrusion
of the tongue

Average of time (s)
Abnormal movement (yes or not)
Diadochocinesia (s)* 8.47 ± 1.27 0 2.44–21
Average time of arm in horizontal position (EO)* 7.88 ± 2.63 8.50 3.01–13.5 0.060 Right
Opening and closing hands 0.38 ± 0.74 0 0–2
Finger-nose pointing EO/EC 0.19 ± 0.43/

0.36 ± 0.67
0/0 0–1.5/0–2

Average time of tapping between thumb and index finger 12.00 ± 4.92 11 4–21.85 0.07 Right
Tapping 0.68 ± 1.22 0 0-4 0.072 Right
Average time of thumb fingers (s) 8.99 ± 4.23 9 4–20.5
thumb fingers opposition 0.83 ± 1.37 0 0–5
Average time of 5 sequences of fist-side-palm 1.84 ± 2.50 0.25 0–8
To tap the feet 0.35 ± 0.81 0 0–3 0.063 Left
Heel-and-toe tap 0.74 ± 1.26 0 0–4 0.09 Right

Sensory integration Sterognosis (EC) 0.09 ± 0.27 0 0–1
Extinction (EC) 0.33 ± 0.59 0 0–2
Graphestesia 0.19 ± 0.44 0 0–1.5

Tonus Tonicity of upper limb 0.02 ± 0.11 0 0–0.5
Upper limb dangling 0.29 ± 0.64 0 0–2
Tonicity of lower limb 0.25 ± 0.55 0 0–1.75
Lower limb dangling 0.08 ± 0.24 0 0–1

Somatognosis and spatial perception Self-right and left evaluation
Other-right and left evaluation 0.45 ± 0.83 0 0–3
October 202
0 | Volume 11 |
EO, eyes opened; EC, eyes closed. *left and right average. **assessment for dominance laterality. Gray lines indicate that tasks are performed correctly for all subjects with a null score.
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Average score of the NSSs was 1.56 (± 1) and the median value
of scores is 1.92 (range: 0–3.27). Control group exhibited a lower
NSSs average total score than PTSD group (t = 2.65, p = 0.01).

Impact of PTSD Severity
According to the PCL5 cut-off of 33, five patients (22.72%) were
not positive for the psychometric PTSD diagnosis (group called
minor-PTSD). No difference was found between the two centers
for the number of patients under the cut-off. For the remaining
patients with a score above the cut-off, we defined two groups
according to the PCL5-median of 58 for these patients; the group
called moderate-PTSD consisted of 8 patients (36.36%) with a
PCL5 score under 58 and the group called severe-PTSD
consisted of 9 patients (40.91%) above or equal to 58.

The three groups differed in terms of age (H = 7.162; p =
0.027) with the highest average age for the minor-PTSD group
(51.6 ± 13.83) compared to the moderate- and severe-PTSD
groups (33.25 ± 9.88, and 34.33 ± 9.59, respectively). Difference
was observed in terms of gender between groups (X2 = 6.49, p =
0.04) with the highest number of women in the severe-PTSD
group (100%; 9 women) compared to the moderate-PTSD group
with 62.5% of women (5 women) and the minor-PTSD group
with 40% of women (2 women). No difference was observed for
marital status, and the number of stressor in professional as
personal life between the three groups.

Table 2 described the significant differences (or trends)
between the three groups for the PCL5, the WEMBS, and the
PASS scores and sub-scores. Patients with severe PTSD exhibited
the highest symptoms scores, the lowest well-being score and
minor-PTSD patients exhibited the lowest symptoms scores, the
highest well-being score, and the patients with moderate PTSD
were in between. For the significant NSSs differences, the
alterations were maximum for the patients with severe PTSD,
minimum for minor PTSD patients and in-between for the
patients with moderate PTSD. For both the average time of
Frontiers in Psychiatry | www.frontiersin.org 5
unipodal equilibrium (s) and fastest tempo, alterations were not
different between moderate and severe PTSD.
DISCUSSION

This study explored the relationship between PTSD severity and
NSSs as a proof of concept.

According to the three major gaps in the literature, main
results highlight that (1) NSSs level reflects the severity of PTSD,
(2) the prominent NSSs associated with PTSD are related to
static and dynamic equilibrium (i.e., motor integration and
coordination), and (3) NSSs primarily affect women.

First, PTSD patients exhibited higher NSSs compared with
healthy control subjects. Concerning the relationship between
PTSD severity and NSSs, results suggest that the alterations in
NSSs increase with PTSD severity. Regarding our results, minor
PTSD with the lowest NSSs are the oldest patients. This data is not
sufficient to affirm that age does not interact with NSSs and further
studies are needed to evaluate this relationship, namely, prospective
data are needed for describing the co-evolution of clinical symptoms
and NSSs. Furthermore, there is some evidence suggesting that
some inflammatory mechanism would be a mediator between
PTSD clinical severity and NSS (49, 50). An increasing number of
studies examining PTSD have either emphasized a relationship
between PTSD and a systemically pro-inflammatory state or
identified a link between PTSD and chronic disease. Namely,
PTSD symptoms constitute a stress-perpetuating syndrome that
maintains the individual in a chronic state of sustained stress (51,
52). Emerging evidence suggests that the biological consequences
this include elevated systemic levels of inflammation implying in
accelerated cellular aging and neuroprogression (52). Consequently,
the inflammatory pathological remodeling of neural circuitry
should occur over the course of a chronic mental illness.
TABLE 2 | Mean scores and standard deviations (±) according to the three groups for the items of the PCL5, WEMWBS, and PASS with significant group differences.

Minor PTSD
n = 5

Moderate PTSD
n = 8

Severe-PTSD
n = 9

Group effect
p

PCL5 Total 23.4 ± 6.88 50.5 ± 6.89 71.6 ± 10.1 <0.01a

Intrusion 11.6 ± 3.85 13.62 ± 2.72 17.6 ± 5.33 0.054a

Avoidance 3.87 ± 1.3 5.5 ± 1.85 6.9 ± 2.38 0.064a

Negative mood and cognition 2 ± 2.92 15.87 ± 6.24 25.6 ± 4.72 <0.001a

Alterations in arousal and reactivity 6 ± 2.83 15.5 ± 4.63 21.5 ± 3.5 <0.001a

WEMWBS 55.2 ± 2.39 51 ± 8.37 40.78 ± 8.64 0.011a

NSSs total score 2.06 ± 2.19 12.06 ± 11.5 23.15 ± 18.1 0.022a

Fastest tempo (s) 10.6 ± 2.07 5.39 ± 2.84 6.48 ± 2.65 0.020b

Static and dynamic equilibrium Jumping up and down on the right foot 0 0.25 ± 0.53 0.7 ± 0.57 0.036 Ra

Average time of unipodal equilibrium (s)* 30 ± 11.54 18.98 ± 17 18.71 ± 18.73 0.023b

Movements during Romberg 0
0

0.06 ± 0.18
0.06 ± 0.18

0.29 ± 0.27
0.25 ± 0.27

0.053 Ra

0.086 La

motor integration and coordination Average time for 10 prosupinations sequences (s) 11 ± 4.24
12 ± 4.74

5.29 ± 2.41
5.43 ± 1.99

8.53 ± 5.82
9.27 ± 6.43

0.081 Ra

0.057 La

Average time for arm in horizontal position (EO) (s) 10.2 ± 2.17
10.2 ± 1.64

6.7 ± 1.43
6.78 ± 1.4

7.54 ± 3.31
7.6 ± 3.44

0.058 Ra

0.03 La
October 20
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aDifferences (or trends) between the three groups; blow PTSD differed (or trended to differ) from moderate and severe PTSD the three groups.
EO, eyes opened; EC, eyes closed. *dominance laterality. R, right task; L, left task.
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Literature questions how inflammatory processes and chronic
disease issues are interrelated: putative causes for inflammation in
PTSD and possible consequences of inflammation in this disorder
(49). The scarcity of longitudinal data does not establish whether the
increase in proinflammatory markers precedes or follows the onset
of PTSD.

Concerning the type of NSSs associated with PTSD, two
prominent alterations were found: static and dynamic equilibrium
as well as motor integration and coordination NSSs. Altogether, these
NSSs alterations highlight the role of the cerebellum. While the
cerebellum has, until recently, not been considered as a key region in
PTSD, there is growing evidence implicating the cerebellar region in
the pathophysiology of PTSD (53, 54). Convergent findings from
neuroimaging and lesion studies showed that the cerebellum’s role is
not confined to motor function (55) but is also important in
cognition and emotion (56, 57). Thus, some authors proposed that
patients with PTSD exhibited alterations in both top-down and
bottom-up emotion regulation (53). From the top-down of view, the
hypothesis on PTSD is a learned incapacity of top-down structures as
prefrontal cortex in inhibition of an “hyper-reactive” amygdala (58,
59). The down-top frame suggests a role of cerebellum deficits to
control the hyper-reactivity of amygdala, too (54). Indeed, it is known
that the cerebellum receives and sends information to non-motor
cortical areas, including prefrontal regions responsible for higher
cognitive functions (60) and that both amygdala and cerebellum are
crucial sites in fear conditioning (61, 62) and extinction models (63).
Furthermore, it has been recently described the relationship.
Furthermore, correlations between functional connectivity in the
cerebellum, symptoms severity, included the four symptom
domains specified in the DSM-5, has been described (54).
Altogether, these data led to propose a non-specific role of the
cerebellum in PTSD symptomatology with neurological
consequences that could be linked to the severity of the PTSD and
its prognosis. The left-right asymmetry in the prominent NSSs is
difficult to discuss since left and right handedness subjects are
included among our cohort. There a need to evaluate the
interaction between objective laterality and gender difference in
further studies for better describe functional lateralization of the
cerebellum (64). This issue is very important and in that respect some
studies observed altered functioning of the left cerebellar hemisphere
(65) and vermis (66, 67) in PTSD patients. Further studies are needed
for better understanding of the cerebellum involvement in the
pathophysiology of PTSD. This could helpful for a better
evaluation of the relationships between distinct patterns of
cerebellar alterations and the clinical severity, included neurological
symptoms as for reducing the gap that continue to exist in the
understanding of brain structure and function in PTSD.

The issue that NSSs primarily affect women in our study is
associated with the highest PTSD severity for the included women.
Such results must be considered with caution due to the small size of
the sample. Nevertheless, most findings on gender differences in
PTSD found that to be a woman is a risk factor for PTSD when
trauma: women are approximately twice as likely as men to meet
criteria for PTSD following a traumatic event (68), and they aremore
than four times as likely asmen to develop chronic PTSD (69). These
data could account for both the 75% women among our PTSD
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cohort and the disproportionate number of those experiencing
severe PTSD. Interestingly, across various studies, women are
about one-third less likely than men to report having experienced
a trauma (69, 70). These results suggest that the higher rate of PTSD
among women cannot be attributed to a greater overall risk of
trauma but to a greater vulnerability to PTSD (70). While studies
delineate more precisely the ways in which culture, and gender role,
alone and in combination shape the gender differences of PTSD (71),
neurobiological mechanisms may account for why women reported
PTSD more often than men after a trauma. To date, most
researchers in this area primarily paid attention to men with only
2% of neurobiological research conducted in females (mainly rats)
(69, 70, 72, 73). From a biological point of view, women appear to
have a more sensitized hypothalamus–pituitary–axis thanmen when
facing a stressor (69). The oxytocin regulation of fear also differs
between men and women (74). These findings indicate that females
acquire fear more easily than males (75). Furthermore, gender
differences were found in some cerebellum structures with less
gray matter volume and less hemispherical asymmetry for women
(76). In addition, a gender-related difference in the cerebellar-
thalamic-cortical circuitry has been found (77). A developmental
hypothesis has also been advanced for gender difference in cerebellar
structures and functioning (78). Altogether, these issues highlight the
importance of considering gender as a biological variable in
cerebellum research for better understanding how gender acts as a
susceptibility or resilience factor for PTSD.

This exploratory study has several limits. The first one is the small
sample size. Then, results are to be considered as a proof of concept
for further studies. Especially, the causal relationship between NSSs
and PTSD severity need to be studied. The second one focuses on the
sociodemographic characteristics of the population. Both objective
right-hander and left-hander PTSD were included. Related to the
asymmetrical differences observed in the NSSs among our patients,
this points the importance to control the laterality using objective
evaluation instead of self-report before exploration of the NSSs.
Moreover, women are overrepresented in our sample. Related to
the gender differences in PTSD, how gender affects the link between
NSSs and PTSD severity, and in what specific ways, need to be further
evaluated. Third, evaluation of NSSs was done using the only
validated French questionnaire. A need for developing objective
scales among countries are needed (i) for better understanding how
NSSs are involved in PTSD and (ii) further for comparing NSSs
among psychiatric disorders. Such tools will be useful for studying
NSSs as subtle indicators of brain dysfunctions and their neurological
correlates. Finally, no hypothesis was made on the role of the type of
trauma as on the role of the time between the trauma and the clinical
inclusion. To confirm whether NSSS are in line with the severity,
these factors need to be controlled for future investigations.
CONCLUSION

This study as a proof of concept highlights the interest of studying
NSSs in PTSD. These exploratory results found a relationship
between the severity of PTSD and the NSSs in terms of static and
dynamic equilibrium and motor integration and coordination but
October 2020 | Volume 11 | Article 533662
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they do not preclude generalizability or causal relationship.
Regarding the asymmetrical NSSs and the gender effect, this
points out the methodological implication for future studies. They
provide some convincing arguments for evaluating the NSSs as a
prognosis factor in PTSD using longitudinal follow-up.
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