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Abstract

Little is known about how the existing diagnostic criteria for postconcussion 
syndrome/disorder (PCS/PCD) perform in the actual clinical diagnosis of this 
condition.  Both clinical and research evidence to guide diagnosis of PCS/PCD 
are fraught with inconsistencies. The comparability of studies of patients with 
PCS/PCD following mild traumatic brain injury (mTBI) is frequently hampered 
by nonuniformity of symptoms and additional criteria used to diagnose the 
disorder. This limitation may also contribute to the inconsistency of findings 
regarding prevalence and outcome following mTBI. Although the International 
Classification of Diseases 10th Edition (ICD-10) has clinical and research cri-
teria for PCS, and the Diagnostic and Statistical Manual 4th Edition (DSM-IV) 
included provisional criteria for postconcussion disorder (PCD), few studies 
appear to employ these criteria sets. Consequently, little is known about how 
these diagnostic criteria perform and which one, if any, is preferred. Exploring 
this issue, 101 participants with mTBI (ages 18-50 years) were recruited from 
consecutive admissions to two Level-1 trauma centers in Houston, Texas with 
outcome measures including: SF-12, Rivermead Post Concussion Symptoms 
Questionnaire (RPSQ), Center for Epidemiologic Studies-Depression scale 
(CES-D), and the Connor-Davidson Resilience Scale (CD-RISC). Measures of 
attention and memory included the Symbol-Digit Modalities Test, Verbal Selec-
tive Reminding Test, and the Brief Visuospatial Memory Test-Revised.  Preva-
lence rates for diagnosing PCS/PCD varied widely among the three criteria sets 
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(ICD-10 clinical, ICD-10 research, DSM-IV) and scheduled study occasions. A comparison of prevalence 
rates at these time points showed substantial dissimilarity in the percentage of participants meeting 
criteria for PCS/PCD (e.g., ICD-10 clinical = 60.4%; ICD-10 research = 33.7%, and DSM-IV = 27.7% at one 
week vs. 30.4%, 20.7%, and 13.0%, respectively at three months). In addition, parallel analyses were con-
ducted in which participants with PCD/PCS were compared to those without the disorder. Those with 
PCS/PCD reported significantly lower general mental health, higher PCS symptom severity, and higher 
levels of depressive features using the ICD-10 clinical and DSM-IV criteria. Fewer significant differences 
were found using the ICD-10 research criteria; none reached significance at one week postinjury. Par-
ticipants meeting vs. not meeting ICD-10 clinical PCS criteria were compared on attention and memory 
and no significant differences were found for any measure at any study occasion. Although PCS/PCD 
prevalence rates varied widely, all three sets appear to identify a subgroup of participants with elevated 
symptom severity. The ICD-10 research criteria perform differently from the other sets and may be rel-
atively less sensitive in the first week postinjury.  

Introduction

Rates of postconcussion syndrome/postconcus-
sional disorder (PCS/PCD) following civilian mild 
traumatic brain injury (mTBI) ranges from 14% 
to over 50% depending on the diagnostic criteria 
used and the time postinjury when patients are as-
sessed(1-7). Little is known about how the existing 
diagnostic criteria for PCS perform in actual clinical 
diagnosis of this difficult and troubling condition.  
Both clinical and research evidence to guide diag-
nosis of PCS/PCD are fraught with inconsistencies, 
as well as the use of additional and often poorly 
defined criteria for making it.  There is little, if any, 
consensus regarding the specific symptom crite-
ria, the number of symptoms required, or the time 
frame of symptomatology that should be used to 
formally diagnose PCS/PCD. To this point, a recent 
study by Laborey et al.(8) has called for a reassess-
ment of the specificity of symptoms used to define 
PCS/PCD. There also appears to be disagreement 
about how long symptoms must persist  to make 
a valid diagnosis of PCS despite the fact that this 
condition  is operationally defined in the DSM-IV(9) 
criteria as well as in the clinical(10) or research(11) 
criteria of the International Classification of Dis-
eases, 10th Edition (ICD-10). This lack of diagnos-
tic consensus was highlighted in a recent study by 
Rose et al.(12) who surveyed physician members of 

the American College of Sports Medicine (ACSM). 
Survey respondents were asked about the symp-
tom duration necessary for them before diagnos-
ing PCS which ranged from less than two weeks to 
more than three months. The minimum number of 
required symptoms deemed necessary also varied 
from one to more than four symptoms; 55.9% of 
respondents reported they required only a single 
PCS symptom as necessary to make the diagnosis 
where only 14.6% required three symptoms which, 
at the very least, would be consistent with both 
DSM-IV and ICD-10 criteria, assuming correspond-
ing symptoms were required. The ACSM survey 
highlighted the problem in the U.S. as the U.S. re-
spondents were more likely to require only a single 
symptom for the PCS diagnosis compared to the 
non-U.S. respondents. These are just a few exam-
ples of the lack of a defined and recognized criteria 
set that Rose et al., and others(2,3,13,14), have under-
scored the need for a standardized set of criteria 
to define PCS because such a set is necessary to 
increase comparability of research studies and to 
inform clinical management of patients with mTBI. 

Efforts have been made to develop guidance for 
the type of symptoms and their diagnostic clus-
tering that could be used to guide an accurate and 
reliable diagnosis of PCS/PCD. Previous studies in-
vestigating performance differences in making a 
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PCS/PCD diagnosis between the DSM-IV and ICD-10 
clinical criteria have found that both perform simi-
larly at three and six months postinjury (e.g., signif-
icant between-group differences in health-related 
quality of life, depression, anxiety, community in-
tegration, etc.), albeit with widely differing preva-
lence rates(2,3,13,14). These efforts have thus far failed 
to yield any compelling reasons to favor one crite-
ria set over another. To address this issue, this study 
sought to extend the results of McCauley et al.(2,3) 
and Boake et al.(13,14) to explore performance differ-
ences between the ICD-10 clinical and research cri-
teria for PCS and the DSM-IV criteria for PCD from 
subacute (one week) to chronic (six months) post-
injury stages. Even though the concept of PCS/PCD 
has been predicated on the persistence of cogni-
tive, affective, and physical symptoms of mTBI that 
persist beyond expectations of a typical recovery, 
this study explored the ICD-10 and DSM-IV PCS/PCD 
criteria across a range of postinjury time points to 
better understand the temporal trajectory of per-
formance differences of these diagnostic criteria. 
Thus, it was hypothesized that participants meeting 
criteria for PCS/PCD would report 1) higher levels 
of postconcussion symptoms, 2) lower perceptions 
of mental and physical health, 3) greater depression 
severity, and 4) lower sense of psychological resil-
ience than those not meeting PCS/PCD criteria. Us-
ing the ICD-10 clinical criteria (that does not require 
evidence of cognitive dysfunction), it was anticipat-
ed that participants with PCS would perform more 
poorly on measures of attention and/or memory 
compared to those without PCS. 

Method

Participants

A consecutive series of patients was recruited 
prospectively from the two Level-I trauma cen-
ters in the greater Houston, Texas metropolitan 
area. Inclusion criteria included patients aged 18-
50 years at the time of injury who presented to, 
and were treated and released from, the Emer-
gency Department (ED) less than 24 hours follow-
ing an injury to the head or extremities. Patients 
were fluent in either English or Spanish. Specific 
inclusion criteria for patients with mTBI included 

a documented/verified head injury, Glasgow Coma 
Scale (GCS)(15) score of 13-15, loss of conscious-
ness < 30 minutes, posttraumatic amnesia (PTA) 
< 24 hours, and no trauma-related abnormalities 
on emergent CT scan. Patients with mTBI were as-
sessed with the Galveston Orientation and Amne-
sia Test (GOAT)(16) to determine if they were in PTA 
(GOAT score < 75) at the time of study consent. 
If so, a legally authorized representative would be 
approached to provide consent; however, no en-
rolled subjects met this criterion, and all were en-
rolled with self-consent. 

The definition of mTBI used in this study followed 
the guidelines of the Department of Defense(17) 
and the American Congress of Rehabilitation Med-
icine(18). All enrolled participants with mTBI had 
visible evidence of head trauma associated with 
multiple mechanisms, in the form of bruising/con-
tusions/abrasions to the head, scalp, or face (84%) 
and scalp lacerations (44%), of which 54% (24/44) 
required sutures.  Participants were excluded from 
the study for the following criteria: previous head 
injury requiring hospitalization (including treatment 
and discharge from an ED), Abbreviated Injury Scale 
(AIS)(19) score > 3 for any single body region, signif-
icant history of pre-existing serious mental disor-
ders (e.g., psychotic disorder, bipolar disorder, or 
preinjury PTSD formally diagnosed by psychiatrist/
psychologist), Alcohol Use Disorders Identification 
Test (AUDIT)(20,21) score > 8, Drug Abuse Screening 
Test (DAST-10)(22-24) score > 3, blood alcohol level > 
80 mg/dL (or other ED chart documentation of clin-
ical intoxication) at the time of informed consent, 
left-hand dominant (due to neuroimaging require-
ments of the larger study), presence of contraindi-
cations for magnetic resonance imaging (MRI; e.g., 
shrapnel, ferrous metal implants, pacemaker, claus-
trophobia, etc.), or a positive urine pregnancy test. 

Study Sample

A total of 101 participants with mild TBI were en-
rolled in the study (see Table 1). As expected, mech-
anisms of injury in the mTBI group most frequently 
included motor vehicle crash (MVC; 37.7%) or fall 
(20.7%). To facilitate inter-study comparisons, the 
Injury Severity Score (ISS)(19) was reported both with 
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and without the head region as it inflates the ISS for 
the mTBI group due to coding for concussion.

Measures

Diagnostic and Statistical Manual, 4th Edition (DSM-
IV): The DSM-IV(9) proposed criteria for PCD in-
clude: (A) history of TBI causing “significant ce-
rebral concussion;” (B) cognitive impairment in 
attention or memory; (C) at least three of eight 
symptoms (fatigue, sleep disturbance, headache, 
dizziness, irritability, affective disturbance, person-
ality change, apathy) appearing shortly after injury 
and persisting for at least 3 months; (D) symptoms 
beginning after injury or representing a significant 
worsening of pre-existing symptoms; (E) interfer-
ence with social and/or occupational functioning; 
and (F) exclusion of dementia due to head trauma 
(code 294.1) and other disorders that better ac-
count for the reported symptoms. Criteria C and D 
set a symptom threshold such that symptom onset 
or worsening must be contiguous to the injury, are 
distinguishable from pre-existing symptoms, and 
have a defined minimum duration. DSM-IV criterion 
A (history of TBI) was determined by the emergen-
cy department (ED) trauma physicians, and crite-
rion F (exclusion) was assumed to have been met 
because of the study’s inclusion/exclusion criteria. 
Having satisfied criteria A and F, the diagnosis of 
PCD under DSM-IV was made if the participant’s in-
terview responses satisfied criteria C (symptoms), 
D (symptom threshold), and E (clinical significance) 
and if at least one of the participant’s neuropsycho-
logical test scores suggested impairment (Criterion 
B). A neuropsychological impairment of attention 
or memory was operationally defined as one or 
more scores of the study’s three measures (two 
variables each) of attention and memory including: 
Symbol-Digit Modalities Test (SDMT; written or oral 
scores), Verbal Selective Reminding Test (VSRT; 
consistent long-term retrieval and delayed recall), 
or the Brief Visuospatial Memory Test-Revised 
(BVMT-R; total recall across three trials and de-
layed recall) falling 1.5 or more standard deviations 
away from the mean in the direction of impairment 
based on published normative data. The DSM-IV cri-
teria were used in this study as the DSM-5 was not 
yet published when the 5-year study began. 

International Classification of Disease, 10th Edition 
(ICD-10): The ICD-10 includes both clinical and re-
search criteria for PCS. The World Health Organi-
zation has published two diagnostic criteria sets for 
PCS: clinical criteria(10) and research criteria(11). In the 
notes for users in the research criteria (pages 1-4), 
the authors state that the research criteria “…pro-
vides specific criteria for the diagnoses contained 
in Clinical descriptions and diagnostic guidelines.” The 
ICD-10 clinical criteria require a history of TBI” …
usually sufficiently severe to result in loss of con-
sciousness,” three or more of the following eight 
symptoms must be present (headache, dizziness, 
fatigue, irritability, insomnia, concentration or 
memory difficulty, and intolerance of stress, emo-
tion, or alcohol), and the cognitive and other com-
plaints are “…not necessarily associated with com-
pensation motives.” The criteria also state that at 
least three of the set of required complaints must 
be present to make a definite diagnosis. Additional-
ly, the guidelines indicate that the symptoms may 
be accompanied by depression or anxiety resulting 
from some loss of self-esteem fear of permanent 
brain damage; these symptoms are not apparently 
required, however. The diagnosis of PCS under the 
ICD-10 clinical criteria was made if the participant’s 
interview responses indicated that three or more of 
the symptoms listed had been present for at least 
1-week postinjury (operationally defined in the ab-
sence of a required duration defined by the ICD-10 
clinical criteria) and there was no evidence of sub-
optimal performance on a measure of performance 
validity. Patients were considered to have met the 
TBI criterion (determined by the ED trauma physi-
cians) but were not required to have had a docu-
mented loss of consciousness (LOC) as the major-
ity of participants in our sample were injured in the 
absence of a reliable witness and/or were unreliable 
historians for this information. 

The ICD-10 research criteria require history of 
head trauma resulting in LOC preceding the onset 
of symptoms by no longer than four weeks. At least 
three or more of the following 12 symptoms must 
be present (headache, dizziness, fatigue, noise in-
tolerance, irritability, emotional lability, depression 
and/or anxiety, subjective complainants of difficul-
ty in concentration and memory problems (without 
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clear objective evidence from psychological tests), 
insomnia, reduced tolerance to alcohol, and preoc-
cupation with the previous symptoms and fear of 
permanent brain damage (even hypochondriacal) 
with the adoption of a sick role. To our knowledge, 
this criteria set has not previously been used in any 
published studies. The diagnosis of PCS under the 
ICD-10 research criteria was made if the partici-
pant’s interview responses indicated that three or 
more of the symptoms listed had been present for 
at least 1-week postinjury (operationally defined in 
the absence of a required duration defined by the 
ICD-10 research criteria). Participants were consid-
ered to have met the TBI criterion (determined by 
the ED trauma physicians).

Connor-Davidson Resilience Scale (CD-RISC): The 
CD-RISC(25)  is a 25-item self-report of psychological 
resilience with a reported factor structure including 
constructs of personal competence/tenacity, toler-
ance of negative affect/stress, positive acceptance 
of change, internal locus of control, and spirituality. 
Items are rated using a 5-point Likert scale ranging 
from 0 – ‘not true at all’ to 4 – ‘true nearly all of the 
time.’ The total score was used as the primary vari-
able in this study.

Center for Epidemiologic Studies Depression Scale 
(CES-D): The CES-D(26) is a 20-item self-report 
measure of depressive symptom severity rated on 
a 4-point Likert scale (0 – ‘rarely or none of the 
time’ to 3 – ‘most or all of the time’). Confirmatory 
factor analysis has demonstrated a factor struc-
ture similar to that of the general population (e.g., 
depressed affect, positive affect, somatic/reduced 
activity, and interpersonal relationships) in patients 
with mild to moderate TBI(27). The total score was 
used as the primary variable in this study.

Rivermead Post Concussion Symptoms Ques-
tionnaire (RPCSQ): The RPCSQ(28-30) is a 16-item 
self-report of cognitive, emotional, and somatic 
complaints commonly reported following mTBI. 
Factor analyses have revealed three factors includ-
ing cognitive, somatic, and emotional problems(30), 
although differing factor structures also have been 
reported.(31) The participants rated the severity of 
each symptom (current experience compared to 

preinjury levels) from 0 – ‘not experienced at all’ 
to 4 – ‘severe problem.’ The onset/duration of each 
symptom was also recorded. The total score was 
used as the primary variable in this study.
Brief Visuospatial Memory Test-Revised (BVMT-R): 
The BVMT-R(32) is a measure of visuospatial learn-
ing and memory. Participants are shown design 
stimuli in a 2×3 array for 10 seconds and are asked 
to draw as many of the figures as they can in the 
correct location. This procedure is used for three 
learning trials. The participants are again asked 
to draw these figures following a 25-minute de-
lay. The primary variables included the total recall 
across three trials, and the delayed recall score. 
Scores were standardized using the BVMT-R scor-
ing software and normative data. 

Symbol-Digit Modalities Test: The SDMT(33) is a 
timed, code substitution task that has demonstrat-
ed excellent sensitivity in detecting processing 
speed deficits secondary to cerebral dysfunction 
assessing the domains of sustained attention and 
working memory. Using a reference key, the par-
ticipant is asked to pair numbers associated with 
simple geometric figures under time constraints. In 
the written format, the participant writes the cor-
rect number below each geometric figure. In the 
oral format that follows, the participant verbally 
produces the correct number associated with each 
figure and the examiner records these responses. 
The total numbers of correct responses for written 
and oral versions are the primary variables. Norma-
tive data were obtained from the SDMT manual. 

SF-12: The 12-item Short Form Survey (SF-12)(34) 
is a brief measure of physical and psychological 
well-being that was derived from the Medical Out-
comes Study 36-Item Short-Form Health Survey 
(SF-36)(35). It has demonstrated reliability and valid-
ity in clinical and population-based studies in the 
U.S.(34,36) and the short form was found to function 
as well as the longer SF-36 in longitudinal studies(36). 
The Mental and Physical Component Summary 
scores were the primary variables using the norma-
tive data provided by the publisher.

Verbal Selective Reminding Test (VSRT): The 
VSRT(37,38) is a multi-trial measure of verbal learning 
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in which a list of 12 semantically-unrelated words is 
initially presented. On subsequent trials, only those 
words not recalled in the previous recall trial are pre-
sented until the participant either recalls all 12 words 
on two consecutive trials, or until all learning trials are 
exhausted. The six-trial version of the VSRT was used 
in this study. The primary outcome measures used 
consistent long-term retrieval (CLTR) and 30-minute 
delayed recall. Normative data used was that report-
ed by Larrabee, et al.(38) for the six-trial version. 

Rationale for Measure Selection

Due to the inclusion of cognitive performance 
measures required in two of the three criteria sets 
under study (e.g., DSM-f and ICD-10 research), 
neuropsychological measures were not appropriate 
for inclusion as outcome measures. In lieu of this, 
outcome measures to contrast groups meeting vs. 
not meeting criteria were selected based on their 
relevance in assessing outcome following mTBI. 
Health-related quality of life has been demonstrat-
ed to be lower in those with mTBI(6,39-43) and in par-
ticular, patients with PCS/PCD(2,3,42). Psychiatric con-
ditions are well-known and documented in mTBI, 
and depression is a frequently reported postinjury 
disorder. Although rates differ between studies, 
depression is a potent pre-injury factor(44-46) and 
post-mTBI symptom(44,47-50), and depression is often 
associated with elevated postconcussion symptom 
severity(51). Although specific postconcussion symp-
toms are required for diagnosis, the inclusion of a 
measure of general PCS-like symptoms appeared 
reasonable, especially as the symptom sets of the 
DSM-IV and ICD-10 are only partially overlapping 
with available measures such as the RPCSQ. Psy-
chological resilience is a multi-factorial concept 
and has been difficult to define precisely; howev-
er, it is often conceptualized generally as the ability 
to maintain a sufficient psychological balance to 
maintain mental and physical functioning follow-
ing exposure to aversive stress and/or trauma(52).  
Components of resilience have been elucidated 
suggesting that stressors present an opportunity 
for change/growth(53) and is integral to one’s adapt-
ability to change, strong feelings of self-efficacy, 
and the formation of secure attachments to oth-
ers(54) in addition to fostering sufficient tolerance of 

negative affect(55). In relation to persons with mTBI, 
McCauley et al.(46) found that preinjury level of re-
silience was significantly related to trauma-related 
anxiety and postconcussion symptom severity at 
one week and one month postinjury; these findings 
were recently replicated in a similar study by Sulli-
van et al.(56); resilience was also reported as a key 
predictor of experiencing PCS-like symptoms fol-
lowing mTBI even after accounting for host factors 
including age and gender(56). Given these findings, 
resilience appeared a reasonable attribute to assess 
as an outcome measure. 

Acquisition of PCS/PCD Criteria: Data required to 
satisfy specific criteria for the diagnosis of PCS/
PCD under ICD-10 and DSM-IV were collected in 
the following manner. Symptoms not included 
in the RPCSQ (e.g., reduced tolerance to stress, 
emotional excitement and alcohol, mood swings, 
etc.) were obtained using the same Likert-scale 
approach as that of the other RPCSQ symptom 
items. To consider a symptom as present, the rat-
ing for that symptoms had to indicate an increase 
from before their injury (e.g., a mild, moderate, or 
severe problem) and were present in the previous 
week. Structured follow-up questions were used 
to determine whether or not the symptoms were 
better accounted for by physical illness, over-the-
counter medications, illicit substances or alcohol 
use (DSM-IV criteria), and the level of preoccupa-
tion of the participant with her/his physical and/
or mental symptoms (ICD-10) was rated as either 
not present or as mild, moderate, or severe using 
a standard set of behavioral anchor points. For the 
cognitive criterion (DSM-IV and ICD-10 research), 
Z-scores of < -1.5 for total recall and delayed recall 
of the BVMT-R (linearly transformed from com-
puter-scored T-scores), CLTR and delayed recall 
of the VSRT, and either the oral or written score 
of the SDMT were considered indicators of defi-
cits in attention or learning and memory. Only one 
score indicating impairment was required to satis-
fy the cognitive impairment criterion. A system of 
reliability codes ensured that test measures with 
no modifications or only minor deviations from 
normal administration were used in the statistical 
analyses. The investigators acknowledge that the 
DSM-IV criteria were designed to be used begin-
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ning at three months postinjury; however, in the 
interest of comparing the three criteria sets, this 
requirement was waived so that performance at 
each study occasion could be assessed. 

Procedure

A consecutive series of participants was prospec-
tively screened and recruited from the emergency 
department (EDs) of the two American College of 
Surgeons Level-I trauma centers (Ben Taub Gener-
al Hospital and Memorial Hermann Hospital-Texas 
Medical Center) in Houston, Texas by study per-
sonnel according to a rotating schedule represent-
ing all shifts and days of the week. The diagnosis 
of TBI was made by ED trauma physicians, and 
Glasgow Coma Scale (GCS) ratings were made by 
ED trauma physicians or staff.  Abbreviated Injury 
Scale (AIS) ratings were made by AIS-trained re-
search nurses based on thorough medical record 
review, and results of the AIS body-region severity 
codes were used to calculate the Injury Severity 
Score (ISS). All head CT scans were read and cod-
ed by a board-certified neuroradiologist. 

Participants were administered a baseline as-
sessment (21.8 + 11.5 hours after injury) of their 
neuropsychological and emotional status. In-per-
son follow-up assessments were also conducted at 
one week, and at one, three, and six months postin-
jury by a bachelor’s-level research associate in the 
participant’s stated preferred language (English or 

Table 1:  Sample Characteristics
Variable mTBI (n=101)

Age at Injury (years), mean (SD) 29.6 (8.9)
Gender (female:male) 29 : 72
Education (years), mean (SD) 13.1 (2.6)
Race, n (%)

African American 29 (28.7)
Asian 4 (4)
Caucasian 67 (66.3)
Other 1 (1)

Ethnicity, n (%)
Hispanic 36 (35.6)

Primary Language, n (%)
English 94 (93.1)

Spanish). Research associates were not blinded to 
the participant’s injury group status (e.g., mTBI vs. 
orthopedic controls as part of the larger study). In-
formed consent was obtained from the participant 
through an informed consent form and procedure 
approved by the Institutional Review Boards of Bay-
lor College of Medicine and the University of Texas 
Medical School-Houston and their affiliate institu-
tions. No participants were recruited while in post-
traumatic amnesia (PTA) which would have required 
consent by a legally authorized representative.

Data Analysis

All analyses were conducted using SAS software 
for Windows, Version 9.4(57). Independent variables 
were analyzed for outliers; no data points were ex-
cluded from the analysis due to extreme scores. 
Separate analyses were performed at each study 
occasion (e.g., one week, and one, three, and six 
months postinjury) using the General Linear Mod-
el (GLM) for analysis of variance (ANOVA) for un-
balanced data. Bonferroni correction for multiple 
comparisons was used resulting in an [[α]] < .0008 
(.05/60) when comparing groups meeting vs. not 
meeting criteria for PCS/PCD for the five main 
outcome measures at each of the four study oc-
casions. Fisher’s Exact Test was used to determine 
the difference in rates of litigation and receipt of 
compensation payments between groups. 
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Table 1:  Sample Characteristics
(continuation)

Variable mTBI (n=101)
Spanish 7 (6.9)

Marital Status, n (%)
Single/Never Married 61 (60.4)
Married/Cohabitating 34 (33.7)
Divorced/Separated 6 (5.9)

AUDIT 2.6 (2.2)
DAST-10 0.44 (0.7)
BMI 26.7 (5.7)
Injury to Assessment Interval

1 Week (days), mean (SD) 7.8 (1.0)
1 Month (days), mean (SD) 32.2 (4.8)
3 Months (days), mean (SD) 93.9 (10.0)
6 Months (days), mean (SD) 184.6 (7.8)

ISS (including head region) 3.4 (2.1)
ISS (not including head region) 2.1 (1.9)
Admission GCS 14.96 (0.2)
LOC, n (%)

None 36 (35.6)
1-29 minutes 52 (51.5)
No documentation 13 (12.9)

Mechanism of Injury, n (%)
Assault 16 (15.9)
Auto-Pedestrian 7 (6.9)
Blow to Head 10 (9.9)
Fall 21 (20.7)
Motor Vehicle Crash 38 (37.7)
Motorcycle/ATV 7 (6.9)
Other 2 (2)

VSVT
1 Week, mean (SD) 45.8 (3.8)
1 Month, mean (SD) 46.3 (2.4)
3 Months, mean (SD) 46.1 (2.9)
6 Months, mean (SD) 45.0 (4.9)

AUDIT = Alcohol Use Disorders Identification Test.
DAST-10 = Drug Abuse Screening Test, 10-item version.
BMI = Body Mass Index. 
ISS = Injury Severity Score.
GCS = Glasgow Coma Scale score.
LOC = Loss of consciousness, medical chart documentation.
ATV = All-terrain vehicle.
VSVT = Victoria Symptom Validity Test, total items raw score.
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Table 2: Rates of Involvement in Injury-Related Litigation and/or Receiving Insurance Compensation
ICD-10 Clinical ICD-10 Research DSM-IV

PCS No-PCS p* PCS No-PCS p* PCD No-PCD p*

1 Month
Litigation 23.5% 18.8% 0.78 25% 19.4% 0.75 33.3% 18.6% 0.26
Compensation 11.8% 12.5% 1.0 15% 11.3% 0.7 8.3% 12.9% 1.0

3 Months
Litigation 19.1% 11.1% 0.45 12.5% 13.6% 1.0 33.3% 10.6% 0.09
Compensation 4.8% 7.4% 1.0 6.3% 6.8% 1.0 11.1% 6.1% 0.48

6 Months
Litigation 16.7% 9.6% 0.42 13.3% 10.9% 1.0 28.6% 9.5% 0.18
Compensation 5.6% 5.8% 1.0 6.7% 5.5% 1.0 14.3% 4.8% 0.35

* Fisher’s Exact Test.
Percentages presented in the table represent the percentages of those either meeting or not meeting PCS/PCD criteria 
who were involved in litigation or receiving compensation and not the total sample. Results indicate no difference in 
the rates of involvement in litigation or receiving compensation under any of the three diagnostic criteria sets. 
Percentages of those involved in litigation in the full sample of participants with mTBI were 17.3%, 10.9%, and 11.3% 
at 1, 3, and 6 months, respectively. 
Percentages of those receiving insurance compensation in the full sample of participants with mTBI were 10.2%, 
5.4%, and 5.6% at 1, 3, and 6 months, respectively. 

Results

Performance Validity

Effects of suboptimal effort and secondary gain are 
often reported in the mTBI literature(3,29,58-64) and are 
required criteria for the ICD-10. Participants were 
administered the Victoria Symptom Validity Test 
(VSVT)(65) at each study occasion to verify that op-
timal effort was obtained during the testing proce-
dure. Effort was evaluated using binomial probabili-
ty scores (e.g., a total number of correct responses 
exceeding a criterion indicated valid performance). 
The VSVT manual states that total scores 30-48 (in-
clusive) reflect non-suspect effort. All participants 
produced valid profiles at all time points suggesting 
that valid and appropriate effort was deployed by 
these participants toward the neuropsychological 
testing procedures. Means and standard deviations 
of the VSVT data are presented in Table 1. To assess 
the effects of secondary gain, the same methods 
used by McCauley et al.(3,46,66) were employed; par-
ticipants were queried regarding their current in-
volvement in litigation or receipt of insurance com-
pensation at one, three, and six months postinjury. 
The rates of participation in litigation and receiving 
compensation within those either meeting or not 
meeting PCS/PCD criteria are presented in Table 
2. Overall rates of litigation and compensation in-

volvement for the full sample of participants are 
given in the footnote of Table 2. Rates of partici-
pation in litigation or receipt of compensation did 
not differ between groups meeting or not meeting 
PCS/PCD criteria at any study occasion. Previous 
investigations have consistently found small effect 
sizes with regard to secondary gain(3,58) and the cur-
rent data suggest these effects, if present, would 
be similarly distributed between both groups fur-
ther allaying any concerns regarding significant bi-
asing effects. 

Prevalence of PCS/PCD

The prevalence rates of those with PCS/PCD were 
computed for each study occasion, given the wide 
range of incidence and prevalence rates reported 
in previous studies. As illustrated in Figure 1, the 
rates vary widely from 27.7% for DSM-IV to 60.4% 
for ICD-10 clinical criteria at one week postinjury. 
Although the prevalence rates predictably declined 
toward six months postinjury, the same pattern 
prevails in that the ICD-10 clinical criteria appear 
the most lenient, the DSM-IV is the most stringent, 
with the ICD-10 research criteria falling mid-way 
between the two. This has serious implications for 
clinical and research uses. To our knowledge, this 
is the first time that the prevalence rates of PCS/
PCD have been compared with both the clinical 
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and research criteria of the ICD-10 and DSM-IV in 
the same sample of participants with mTBI. 

PCS/PCD vs. No-PCS/No-PCD

Comparisons were conducted on the main out-
come measures (SF-12, RPCSQ, CES-D, CD-RISC) 
at each study occasion (one week, and one, three, 
and six months postinjury). Bonferroni correction 
for multiple comparisons was employed resulting 
in a stringent [[α]] < .0008 as the criterion for sig-
nificance (e.g., [[α]] = .05/60 comparisons). 

ICD-10 Clinical Criteria: Using the ICD-10 clinical 
criteria (Table 3), significant between-group dif-
ferences were found for those with vs. without 
PCS on the SF-12 MHS, RPCSQ, and CES-D at each 
study occasion (p = .0005 to p < .0001). The SF-12 
PHS difference also was significant (p < .0001) at 
three months postinjury, and a significant differ-
ence was found for the CD-RISC at one week post-
injury (p = .0006). These findings indicate that the 
PCS group reported poorer general mental health 
status, greater postconcussion symptom severity, 
and higher levels of depressive features compared 

Figure 1. Prevalence rates of PCS/PCD by criteria set and time postinjury
Percentages shown reflect the number of participants with mTBI who met criteria for PCS/PCD 

for the three criteria sets at each study occasion.

to those without PCS. At least in the first week 
postinjury, those in the PCS group perceived low-
er psychological resilience, but this effect failed to 
reach significance at later time points. 

ICD-10 Research Criteria: Significant between-group 
differences were found on the SF-12 MHS at one 
and six months postinjury (p < .0001). Significant 
differences were also found on the RPCSQ at one, 
three, and six months (p < .0001), but not at one 
week postinjury. CES-D comparisons revealed sig-
nificant differences at one, three, and six months 
(p = .0005 to p < .0001), but not at one week post-
injury. No significant differences were found for 
the CD-RISC at any study occasion. These findings 
indicate that the PCS group reported poorer gen-
eral mental health status, greater postconcussion 
symptom severity, and higher levels of depressive 
features compared to those without PCS, but there 
were no differences in terms of resilience. 

DSM-IV Criteria: Finally, when using the DSM-IV 
criteria, significant between-group differences 
were found for those with vs. without PCD on the 
SF-12 MHS, RPCSQ, and CES-D at all study occa-
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Table 4: Neuropsychological measures of attention, learning, and memory 
for the ICD-10 clinical criteria-defined groups

No-PCS
LS-Means (SE)

PCS
LS-Means (SE)

1 Week VSRT CLTR -0.56 (0.23) -0.53 (0.2) F(1,98)=.05, p=.82
VSRT Delayed Recall -0.75 (0.22) -0.68 (0.18) F(1,98)=.01, p=.91
BVMT-R Total Recall -2.01 (.015) -1.97 (0.12) F(1,98)=.07, p=.80
BVMT-R Delayed Recall -2.02 (0.2) -2.04 (0.16) F(1,98)=.01, p=.94
SDMT Written -0.55 (0.25) -0.45 (0.2) F(1,98)=0.09, p=.77
SDMT Oral -0.22 (0.26) 0.01 (0.21) F(1,98)=0.49, p=.49

1 Month VSRT CLTR -0.26 (0.19) -0.43 (0.24) F(1,93)=0.31, p=.58
VSRT Delayed Recall -0.17 (0.15) -0.36 (0.19) F(1,93)=0.67, p=.41
BVMT-R Total Recall -1.5 (0.14) -1.78 (0.17) F(1,96)=1.58, p=.21
BVMT-R Delayed Recall -1.67 (0.16) -1.8 (0.19) F(1,96)=0.27, p=.61
SDMT Written 0.37 (0.23) -0.1 (0.28) F(1,95)=1.71, p=.19
SDMT Oral 0.63 (0.23) 0.21 (0.28) F(1,95)=1.35, p=.25

3 Months VSRT CLTR -0.05 (0.18) -0.44 (0.27) F(1,89)=1.46, p=.23
VSRT Delayed Recall -0.13 (0.16) -0.5 (0.24) F(1,89)=1.59, p=.21
BVMT-R Total Recall -1.7 (0.14) -1.94 (0.21) F(1,90)=0.83, p=.37
BVMT-R Delayed Recall -1.6 (0.14) -1.78 (0.21) F(1,90)=0.51, p=.48
SDMT Written 0.36 (0.22) 0.24 (0.33) F(1,89)=0.08, p=.78
SDMT Oral 0.57 (0.23) 0.33 (0.35) F(1,89)=0.34, p=.56

6 Months VSRT CLTR -0.11 (0.23) -0.37 (0.39) F(1,68)=0.34, p=.56
VSRT Delayed Recall -0.04 (0.16) -0.48 (0.28) F(1,68)=1.93, p=.17
BVMT-R Total Recall -1.53 (0.17) -1.9 (0.28) F(1,68)=1.68, p=.20
BVMT-R Delayed Recall -1.56 (0.19) -2.03 (0.32) F(1,68)=1.24, p=.27
SDMT Written 0.42 (0.29) 0.35 (0.49) F(1,67)=0.02, p=.89
SDMT Oral 0.62 (0.3) 0.57 (0.5) F(1,67)=0.01, p=.94

Least squares means (LS-Means) and standard errors (SE) represent Z-scores based on normative data as 
described in “Measures.” 
The T-scores reported using the scoring software for the BVMT-R have been linearly transformed to z-scores to 
facilitate comparisons with the other cognitive measures. 

BVMT-R = Brief Visuospatial Memory Test, Revised.
VSRT = Verbal Selective Reminding Test, six-trial version.
CLTR = Consistent Long-Term Retrieval.
SDMT = Symbol-Digit Modalities Test.

sions (p = .0002 to p < .0001) and the SF-12 PHS 
differences were significant (p < .0001) at one and 
three months postinjury. No significant differenc-
es were found for the CD-RISC at any study occa-
sion. These findings indicate that the PCD group 
reported poorer general mental health status, 

poorer physical health status (at some study occa-
sions), greater postconcussion symptom severity, 
and higher levels of depressive features compared 
to those without PCD. The PCD group reported 
similar levels of psychological resilience compared 
to those without PCD. 
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teria found no significant differences at any study 
occasion. Review of Table 3 suggests that this is 
due, in part, to the stringent α correction for mul-
tiple comparisons; under less strict circumstanc-
es, p-values of .004 to < .002. would have been 
anticipated to be significant, but this suggests 
some lack of robustness of the criteria set in 
this area of outcome. Higher levels of depressive 
symptoms were reported in persons with PCS/
PCD at all study occasions using ICD-10 clinical 
and DSM-IV criteria. This elevated level of depres-
sion and depressive symptomatology is consistent 
with previous findings of mood disorder following 
mTBI(44,45,47-49,51). In contrast, the ICD-10 research 
criteria only found significant differences in de-
pression levels beginning at one month postinjury. 
Although lower preinjury resilience has been as-
sociated with higher levels of post-mTBI anxiety 
and postconcussion symptoms, resilience failed to 
differ between groups except for the ICD-10 clini-
cal criteria at one week. Given findings of McCau-
ley et al.(46) and Sullivan et al.(56,68), this appeared 
surprising. It is possible that the stringent [[α]] 
correction was a contributor to this finding, but 
a review of the p-values suggests weak differenc-
es ranging from p < .02 to nonsignificant trends. 
Further investigation will be required to better 
understand the potentially complex interplay of 
resilience, host factors, and the experience of 
PCS/PCD which is beyond the scope of this manu-
script. In summary and given the level playing field 
for interpreting these results, the ICD-10 research 
criteria appear relatively less robust in discriminat-
ing PCS vs. No-PCS groups compared to the ICD-
10 clinical and DSM-IV.

One of the more striking findings from was 
the wide variations in prevalence rates between 
the criteria sets. While the DSM-IV and ICD-10 re-
search found comparable rates at one week (27.7% 
and 33.7%), the ICD-10 clinical resulted in a 60.4% 
rate of meeting PCS criteria. This has significant 
implications for research and clinical management 
of these patients. While clinical lore has posited 
that between 5-20% of patients develop PCS fol-
lowing mTBI, the rates found when consistently 
applying the diagnostic criteria far exceeds this 
commonly held rate. Although the pattern was 

PCS and Cognition 

The findings from multiple cognitive tests (VSRT, 
BVMT-R, and SDMT) showed no significant differ-
ences between participants meeting PCS crite-
ria and those that did not; furthermore, this was 
true for all study time points (1 Week, 1 Month, 
3 Months, and 6 Months).  Both the DSM-IV and 
ICD-10 research criteria require evidence of cogni-
tive impairment in attention or memory on formal 
assessment. This obviates the ability to determine 
meaningful differences in neuropsychological 
performance between groups with and without 
PCS/PCD; however, the ICD-10 clinical criteria do 
not include this criterion. Given this opportunity, 
analyses were conducted with the six cognitive 
variables, two each from the SDMT, VSRT, and 
BVMT-R. Results indicated that no significant dif-
ferences were found for any cognitive measure at 
any study occasion. This remained the case even 
if the criterion for significance was relaxed to a 
lenient [[α]] < .05 (Table 4). 

Discussion

The current study was conducted to understand 
how three currently established criteria sets to 
diagnose PCS/PCD perform when compared in 
the same sample of participants with mTBI. Gen-
eral support was found for the study’s hypothe-
ses in that participants with PCS/PCD were found 
to report significantly greater postconcussion 
symptom severity on the RPCSQ. This is not en-
tirely surprising as the required symptoms for the 
ICD-10 and DSM-IV overlap with the RPCSQ, but 
the RPCSQ also includes additional unique symp-
toms and is not wholly redundant with the three 
criteria sets under study. This strongly suggests 
that the symptom criteria for DSM-IV and ICD-10 
discriminate groups on a wider range of symp-
tom complaints. Similarly, poorer perceptions of 
general mental health was found in participants 
with PCS/PCD which is consistent with previous 
findings(2,3,6,67). Perceptions of physical function-
ing varied. For ICD-10 clinical, only one significant 
contrast was found at three months postinjury 
and the DSM-IV produced differences at one and 
three months. In contrast, the ICD-10 research cri-
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similar, the rates found in this study differ with 
those of McCauley et al.(2,3) that included mild and 
moderate TBI; for instance, at three months post-
injury, they found that ICD-10 clinical vs. DSM-IV 
resulted in 53.8% vs. 17.3% meeting criteria which 
decreased to 44.6% and 14.4%, respectively, at  six 
months postinjury. The ICD-10 clinical criteria ap-
pear to possibly “over-diagnose” PCS compared 
to the other two criteria sets, particularly at ear-
ly postinjury time points. One reason for the dif-
ferences from the McCauley et al. studies and the 
current investigation is that more severely injured 
patients were recruited in the earlier studies; how-
ever, the pattern between ICD-10 clinical PCS and 
DSM-IV PCD remains very similar. When reviewing 
prevalence rates of the ICD-10 research criteria, 
they appear to fall in the middle ground between 
the other sets. From an a priori position, it would 
be difficult to determine what a reasonable preva-
lence rate for PCS would look like given the lack of 
consistent defining features that led to the 5-20% 
rule of thumb estimate in the first place. The ICD-
10 and DSM-IV appear to take fairly diametrical-
ly opposed positions in terms of psychogenic vs. 
neurogenic perspectives on postconcussion phe-
nomena. For instance, the DSM-IV requires objec-
tive evidence of cognitive impairment in memory 
or attention (neurogenic perspective) whereas 
the ICD-10 research requires the patient to report 
cognitive difficulties in the absence of objective 
findings of cognitive impairments (e.g., a psycho-
genic perspective). Consequently, the ICD-10 re-
search criteria produce prevalence rates that fall 
between the other two. This is attractive in some 
ways as it avoids what appears to be compara-
tively extreme rates presented by the other crite-
ria, but the research criteria appear less robust in 
terms of between-group differences. 

This study explored the performance of the 
ICD-10 clinical criteria in terms of expected cog-
nitive differences detectable in those with and 
without PCS. The ICD-10 clinical criteria failed to 
identify any differences in cognition on the most 
sensitive measures of mTBI currently available 
even when using the most lenient significance 
criterion. This result was rather surprising, but it 
highlights the importance of what the most salient 

symptoms differentiating those with and without 
this disorder should include. This underscores the 
important finding of Laborey et al.(8) that a reas-
sessment of the specificity of symptoms to PCS 
is needed as they found a common set of eight 
symptoms drawn from the RPCSQ, DSM-IV, and 
ICD-10 at three months postinjury were most spe-
cific to mTBI compared to controls. Forms of 
discriminant analyses might present attractive op-
tions to better define PCS groups from those with 
more typical recovery from mTBI, but controversy 
would remain given the time point at which symp-
toms constituting “typical recovery” converts to 
“persistent symptoms” and thus PCS/PCD (e.g., 
after 4 weeks postinjury, or after 3 months?). 

There are some limitations of this study need 
to be acknowledged. The outcome measures used 
to characterize the performance of the ICD-10 and 
DSM-IV criteria sets relied on self-reports. There 
may be inherent participant-related biases with the 
results using self-reports as poorer sense of gener-
al mental health is likely related to poor mood and 
greater symptom severity perceptions. Unfortu-
nately, objective measures of cognition to charac-
terize groups with and without PCS/PCD were not 
possible as cognition was an integral part of defin-
ing the groups and one of the required diagnostic 
criteria. Although other domains could have been 
assessed to determine the impact of meeting PCS/
PCD criteria, other domains besides attention and 
memory have been shown to be less sensitive to 
the effects of mTBI which, in turn, limits the use-
fulness of these domains in such analyses. Since 
the research staff were not blinded to subject sta-
tus (e.g., mTBI or orthopedic comparison partici-
pant in the larger study), there is always the risk 
of bias as a threat to internal validity.  In this study, 
this risk was very small, however, as the standard-
ized instruments used present little opportunity 
for a well-trained, experienced examiner to influ-
ence the responses. Conversely, a strength of the 
current study was the inclusion of performance va-
lidity measures (VSVT) and the identification of 
potential sources of secondary gain and/or malin-
gering. Review of the VSVT data indicates that the 
participants expended non-suspect levels of effort 
toward the measures which raises confidence of 
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high data quality and the conclusions drawn from 
the data. The examination of performance validity 
should be strongly considered in any study of mTBI 
given reported effects of secondary compensation 
and litigation. The rates of involvement in litigation 
and compensation were characterized, found to be 
low across study occasions (litigation: 11.3% to 17.3% 
for the full sample; compensation: 5.4% to 10.2% for 
the full sample), and the effect of these attributes 
was distributed similarly between PCS/PCD and No-
PCS/No-PCD groups which eliminates concerns re-
garding the biasing of results or the tendency of 
one of the criteria sets to be disproportionately af-
fected by these participant attributes.  

In conclusion, clinicians and researchers are 
faced with the challenge of choosing which of 
these three options as the most appropriate when 
diagnosing PCS/PCD. It would appear clear that the 
ICD-10 clinical criteria as outlined is far too lenient 
a guideline, particularly in the first few weeks post-
injury. Eliminating this option, one is faced with se-
lecting either a criteria set that appears to take a 
predominantly psychogenic approach to the dis-
order (ICD-10 research) versus a more neurogen-
ic approach (DSM-IV). While there is no doubt that 

potential psychogenic factors may be involved in 
recovery from a mTBI for some individuals, evi-
dence is mounting from neuroimaging studies that 
mTBI results in measurable changes in brain struc-
ture and function. This evidence would tend to fa-
vor the more neurogenic approach taken by the 
DSM-IV. Now that the DSM-5 has been published, 
new challenges have arisen in terms of how to di-
agnose PCS/PCD. Currently, PCD would most like-
ly be diagnosed as a Mild Neurocognitive Disorder 
due to traumatic brain injury. It is likely that the 
DSM-5 criteria will not identify patients with per-
sistent postconcussive symptoms at the same rate 
as it has eliminated the symptom criterion (DSM-
IV Criterion C) retaining only objectively measures 
of cognitive declines (DSM-IV Criterion B). This will 
likely weaken the utility of the DSM-5 criteria for di-
agnosing PCD given that Boake et al.(14) found that 
the cognitive criterion was not specific to TBI com-
pared to those with extracranial injuries; only the 
combination of Criteria C and D (symptoms and 
duration) were found to be specific for TBI. Clearly, 
further study will be required to refine the essen-
tial features of this disorder and delineate potential 
psychogenic and neurogenic factors that result in 
persistent symptoms presentation following mTBI. 
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