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Medicolegal Evaluation of Post-Traumatic Cognitive
Impairments

Travmatik Kognitif Yikimin Medikolegal Degerlendirilmesi
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*This study was presented as oral presentation at “25" Congress of The International Academy of Legal Medicine Virtual Edition from 1 to 4 June 2021”
Entitled as “Evaluation of Traumatic Cognitive Impairments”.

ABSTRACT

Objective: Head injuries and traumatic brain injury are a serious public health problem impacting. It is well-known that each year, 55 million
people are exposed to traumatic brain injury. The identification of head traumas, Traumatic Brain Injury, and Post-Traumatic Cognitive
Impairment in respect of clinical forensic medicine applications are important in many judicial cases, primarily the claim that a disability is
due to trauma.

Methods: The files of the patients who were referred to our center for disability assessment between January 01, 2019 and December 31, 2019,
and who were found to have suffered head trauma at the time of the incident, were retrospectively reviewed.

Results: The ages of the patients ranged between 14 and 78 years. The mean age was 39.8+14.43, and the median age was 39. One hundred
nine (81.3%) of them were male and 25 (18.7%) were female. As a result of the examination, imaging tests and neurocognitive test results for the
disability assessment of the patients, 87 (64.9%) of them had organic brain damage causing significant cognitive damage. Post-traumatic stress
disorder in 5 (3.7%) patients and other trauma-related sequelae (craniectomy defect, epilepsy, hearing or vision loss, etc.) were detected in 8
(6%) patients. The Wechsler Memory Scale (WMS)-I and WMS-1I scores of the patients were found to be significantly lower in the Post-Traumatic
Cognitive Impairment group (p=0.001). Moreover, the test results were determined to be significantly lower in WMS-IV (logical memory) tests
(p=0.001).

Conclusion: The diagnosis of Post-Traumatic Cognitive Impairment can be made through multidisciplinary clinical examination, radiological
imaging, and neurocognitive tests.
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Amag: Kafa travmalar ve travmatik beyin hasari ciddi bir halk saghgi sorunudur. Her yil 55 milyon kisinin travmatik beyin hasarina maruz
kaldigi bilinmektedir. Klinik adli tip uygulamalari agisindan kafa travmalari, travmatik beyin hasari ve kognitif yikimin tanimlanmasi ve
ispatlanmasi travma kaynakli engellilik iddialari basta olmak tizere bircok adli dosyada onem arz etmektedir.

Yontem: Merkezimize 01 Ocak 2019-31 Aralik 2019 tarihleri arasinda ozirluliik/maluliyet degerlendirmesi icin basvuran ve olay aninda kafa
travmasi oldugu tespit edilen hastalarin dosyalari geriye doniik olarak incelendi.

Bulgular: Olgularin yaslari 14 ile 78 arasinda degismekteydi. Ortalama yas 39,8+14,43, median yas ise 39'du. 109'u (%81,3) erkek 25'i (%18,7)
kadindi. Olgularin yapilan muayene, gortintileme tetkikleri ve norokognitif test sonuglari sonucunda 87’sinde (%64,9) belirgin kognitif yikima
sebep olan travmatik beyin hasari tespit edildi. On l¢ (%9,7) olguda ise travmaya bagli diger (kraniektomi defekti, epilepsi, isitme veya gorme
kaybi vb.) sekeller tespit edildi. Hastalarin Wechsler Bellek Olcegi (WMS)-1 ve WMS-II puanlari Post-Travmatik Kognitif Yikim grubunda anlamli
olarak distik bulundu (p=0,001). Ayrica WMS-IV (mantiksal bellek) test sonuglarinin anlamli olarak daha disiik oldugu belirlendi (p=0,001).

Sonug: Post-Travmatik Kognitif Yikim tanist multidisipliner klinik muayene, radyolojik gortintiileme ve nérobilissel testler ile konulabilir.

Anahtar Kelimeler: Kognitif yikim, kafa travmasi, beyin hasari, norokognitif test

INTRODUCTION

Head trauma and traumatic brain injuries are a serious public
health problem, affecting 1.6 million people per year in the
USA (1). It is extremely common throughout the world in
general and is even referred to as a “silent epidemic” (2). Each
year 55 million people are known to suffer traumatic brain
injury (TBI) (3). Despite current developments in treatment
methods, it is estimated that in the European Union and the
USA, 5.3-7.7 million people have one or more disabilities due
to the subacute or chronic processes of TBI (4).

An important aspect of TBI is cognitive loss in addition to the
neurological motor and sensory outcomes of central nervous
system damage after trauma (5).

Impairments in a series of brain executive functions, such as
cognitive abilities, processing speed, memory, planning, and
concentration have been reported in the survivors of moderate
and severe TBI (6).

The identification of head traumas, TBI, and Post-Traumatic
Cognitive Impairment (PTCI) in respect of clinical forensic
medicine applications are important in many judicial cases,
primarily the claim that a disability is due to trauma.

To be able to apply effective and accurate forensic medicine
evaluation, these evaluations must be conducted by a
multidisciplinary team including neurologists, psychiatrists,
radiologists and trained psychologists in addition to clinical
forensic medicine specialists. For a diagnosis of TBI, radiological
examinations are important together with a detailed anamnesis
and physical examination. Moreover, neuropsychometric
tests are widely used to determine the severity of cognitive
impairments caused by TBI, and to support the diagnosis (7).
The Wechsler Memory Scale (WMS) tests are often used to
determine shortand long-term memory functions with personal
and current information, orientation, simple concentration,
and maintaining concentration. In addition, the Stroop,
Benton, Bender Gestalt, and Mini Mental State tests are used

for the measurement of planning skills, visual memory, global
memory, concentration, calculation, recall, speech, motor
functions, perception, and visospatial ability. It is recommended
that in addition to these, radiological examinations are used
in the determination primarily of neuron loss and intracranial
sequela lesions (8).

The aim of this study was to determine the risk factors for
PTCI in the acute period after TBI in the light of clinical and
radiological findings, to compare lesions on radiological
images showing findings of sequelae with the neurological
examination and neurocognitive test results, and to thereby
contribute to sequelae evaluation studies in clinical forensic
medicine.

MATERIALS and METHODS

A retrospective examination was made of the files of cases
referred to our centre between 01.01.2019 and 31.12.2019 for
disability evaluation, and who were determined with head
trauma on the date of the event. Data were retrieved from the
patientfilesin respect of age, gender, type of trauma, localisation
and nature of the lesion at the time of the trauma, examination
findings, computed tomography (CT) and magnetic resonance
imaging (MRI) findings, and neurocognitive test results.

The neurocognitive tests of WMS, Benton test, Bender-Gestalt
test, Stroop test, and the Mini Mental State test were applied.
The WMS subtest-1 was applied to test personal and current
information, the WMS subtest-Il to test time and place
orientation, WMS subtest-lll for mental co-ordination, WMS
subtest-IV for numerical range, WMS subtest-V for logical
memory, and WMS subtest-VI for visual memory.

The Stroop test was applied to measure interference resistance
ability (inhibiting an inappropriate response) in particular of
the executive functions.

The responses to the questions asked in the WMS, Benton, and
Mini Mental tests were scored proportionally between 0 (no
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correct response) and 1 (all correct). In the Stroop test, the score
was based on the time taken to complete the test.

Patients whose symptoms could not be explained by any
psychiatric or organic reason and who were thought to be
trying to make themselves look bad for secondary gain during
the neurological examination and neurocognitive tests, and
those with known cognitive loss, such as dementia, before the
trauma were excluded from the study.

RESULTS

The cases evaluated in the study comprised 109 (81.3%) males
and 25 (18.7%) females with a mean age of 39.8£14.43 years
(median age: 39 years, range: 14-78 years). The causes of the
head trauma of the cases referred for the determination of the
degree of disability are shown in Figure 1.

In the evaluation of the radiographs (cranial CT etc.) taken at
the time of presentation, frontal fracture was determined in 39
(29.1%) cases, temporal fracture in 43 (32.1%), parietal fracture
in 26 (19.4%), occipital fracture in 10 (7.5%) and fracture in the
bones at the base of the skull in 7 (5.2%).

The intracranial lesions on the date of the trauma were
determined as subarachnoid bleeding in 57 (42.5%) cases,
subdural bleedingin 34 (25.4%), epidural bleeding in 32 (23.9%),
cerebral contusion in 52 (38.8%), intracerebral hematoma in 18
(13.4%), diffuse axonal injury in 7 (5.2%), and widespread brain
oedema in 35 (25.4%). The intracranial localisations of these
lesions are shown in Figure 2.
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Figure 2. Localisation of the lesions

To evaluate sequelae lesions in the cases, cranial MRIs were
taken after completion of treatment at least 18 months
after the trauma. The examination of the MRIs showed
encephalomalacic/gliottic area in 94 (70.1%) cases, widespread
atrophy in 12 (9%), an appearance consistent with lobectomy in
1(0.7%), and normal cranial appearance in 27 (20.1%).

The localisations of these determined sequelae lesions were
seen to be primarily in the frontal and temporal regions; in
the frontal area in 66 (49.3%) cases, in the temporal area in
58 (43.3%) cases, the parietal area in 29 (21.6%), the occipital
area in 16 (11.9%), the periventricular area in 29 (21.6%), in the
cerebellum in 6 (4.5%), and in the brain stem in 1 (0.7%).

In the images shown below of a 14-year-old male, on the
cranial CT taken on the date of the trauma, left parietooccipital
and right frontotemporal hemorrhagic contusion can be seen
(Figure 3). On the cranial MRI of the same case taken after 3,5
years, there can be seen to be left parietooccipital and right
frontotemporal gliotic encephalomalacic areas (Figure 4).

Figure 3. Cranial CT taken on the date of the trauma - Left
parietooccipital and right frontotemporal hemorrhagic contusion

CT: Computed tomography

Figure 4. Cranial MRI of the same case taken after 3.5 years - Left
parietooccipital and right frontotemporal glioticencephalomalacic
areas

MRI: Magnetic resonance imaging
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As a result of the physical examination, imaging, and
neurocognitive tests applied to evaluate the disability of the
cases, TBI causing evident PTCI was determined in 87 (64.9%)
cases. Other sequelae associated with the trauma (craniectomy
defect, epilepsy, hearing or sight loss, etc.) were determined
in 13 (9.7%) cases. No sequelae due to head trauma were
determined in 34 (25.4%) cases.

No significant difference was determined between the PTC
group and the other group in respect of gender (p=0.721).

The correlations between diagnosis and the intracranial lesions
determined at the time of trauma are shown in Table 1.

A statistcally significant correlation was determined between
the diagnosis and injuries occurring in the frontal, temporal,
and parietal lobes (Table 1).

The correlations between diagnosis and the localisation of
the intracranial lesions determined at the time of trauma are
shown in Table 2.

Correlations between the diagnosis and neurocognitive test
results are shown in Table 3.

The scores in the subtests for personal and current information,
and fortime and place orientation were found to be significantly
low in the PTCl group (p=0.001). The test results for logical
memory (short and long-term recall spontaneously and with
clues) were found to be significantly low in the PTCI group.

DISCUSSION

TBI is an injury in which impairments are seen in physical,
cognitive, and mental-social functions. It is a cause of disability
and death at an increasing rate throughout the world (10).

Table 1. Correlations between PTCI and the intracranial

lesions determined at the time of trauma

PTCI (n=87) | Other (n=47) | p-value
Variables Groups n n
g Absent 44 33
kS)lljbadr.achnmd 0.028
eeding Present | 43 14
Absent 62 38
o bdd‘?ra' 0.224
eeding Present | 25 9
3 Absent 61 41
kE)IIJIdclij'ral 0.027
eeding Present | 26 6
Aai Absent 52 30
IContui!on 0.645
deeration Present | 35 17
Absent 74 42
Hematoma 0.486
Present 13 5
i Absent 81 46
D|ffuse axonal 0.421%
Injury Present |6 1
Absent 63 37
Oedema 0.423*
Present 24 10
PTCI: Post-Traumatic Cognitive Impairment

Although primarily traffic accidents and falls, every traumatic
event causing head trauma can be in the etiology of TBI.

TBI is manifested with many clinical signs and symptoms such
as dizziness, headache, vomiting, loss of memory, and motor
deficits (9).

The determination of TBI in the acute period is of vital
importance, especially for emergency interventions. The most
preferred radiological method in the acute period is still non-
contrast CT, which has high sensitivity for the determination
of acute bleeding, hydrocephaly, herniation, and fractures (10).
MRI is used more for the determination of ischemic conditions
and for the evaluation of sequelae lesions in the chronic period.
Although previous studies in literature have reported that
parietal fractures are seen most after head trauma in both
paediatric and adult patient groups, in a study by Simsek et
al. (11) frontal fractures were seen to be determined at the
highest rate. However, almost all studies have shown that the
least fractured bone is the occipital bone, because of both the
localisation and thickness of this bone. In this respect, the
current study results are similar to the data in literature. In
the current study cases, temporal fracture was determined in
43 (32.1%), frontal fracture in 39 (29.1%), parietal fracture in
26 (19.4%), occipital fracture in 10 (7.5%) and fracture in the
bones at the base of the skull in 7 (5.2%). The distribution of
these fractures is affected by the facts that the frontal bone
localisation makes it more vulnerable to trauma, and the
temporal and parietal bones are thinner than the other bones
in the skull.

In addition to fractures, cranial vascular and central nervous
system injures are serious outcomes of head trauma. It has been
reported in literature that epidural hematoma is seen in 1-4%
of TBI cases, subarachnoid bleeding in approximately 11%, and
subdural hematoma in 10-20% of all head trauma cases (12).
In the current study, the pathologies seen on cranial CT taken
in the acute period were mostly bone fractures, followed by
subarachnoid bleeding, cerebral contusion, subdural bleeding,
and epidural bleeding. It was thought that this order could
change depending on the patient age and the severity of the
trauma suffered. Thus, in the elderly, an expanded subdural
distance, secondary to atrophy could be a reason for subdural
bleeding with even simple trauma causing rupturing of bridging
veins. In addition, the current study sample group included
individuals referred for disability because of pre-existing
neurocognitive complaints causing the complaints following
head trauma, and who therefore underwent neurocognitive
examination. Therefore, the distribution may show differences
from reports in literature.

The correlations between diagnosis and the types of lesions
determined at the time of trauma are shown in Table 1. A
significant point in this table is that PTCI was determined in 6
of the 7 cases diagnosed with diffuse axonal injury at the time
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of the trauma. Traumatic diffuse axonal injury (DAI) is known
to lead to functional and cognitive impairments by cutting
the links in the large-scale brain pathways (13). Therefore, DAI
determined in the acute period can be considered a serious risk
factor for PTCI.

Contusional changes in head trauma are most common in the
frontal and temporal lobes (14). In our study; in the cranial
magnetic resonance imaging (MRI) taken at least 18 months
after the traumatic event, areas with encephalomalacia and/
or gliosis were detected most frequently in the frontal and
temporal regions in accordance with the literature. Bone
fractures, hemorrhages and often diffuse brain damage are
reported in head traumas that cause death (15). Neuronal loss
in non-fatal head traumas may present with various clinical
consequences. Therefore; when investigating neurocognitive
function losses, functions of the regions of the central nervous
system must be taken into consideration, because dysfunction
in the frontal and temporal lobes, which are the regions most
vulnerable to injury, is known to have negative effects on
learning, executive functions, and memory (16). In our study,
a significantly higher incidence of PTCI was diagnosed in cases
with sequelae lesions in the frontal, temporal, and parietal
lobes (Table 2).

All the cases in the current study group were referred by judicial
authorities to our institution for disability evaluation. Therefore,
the neurocognitive test results could be different from those of
the normal population. As seen in Table 3, the difference was
examined between the PTCl group and the group of other head
trauma patients. The results of the WMS subtests in respect of
current information, time and place orientation, and logical

memory were determined to be significantly lower in the PTCI
group than in the group of other head trauma patients. No
significant difference was seen between the groups in the mean
results of the other WMS subtests or in the visual memory-
Benton test, or in the time difference in the Stroop test. Previous
studies have reported that the most frequent function disorders
following head trauma are problems related to memory and
executive functions, and a decrease in information processing
speed (17,18). Widespread TBI especially has been shown to be
associated with memory, concentration and processing speed
impairments (19). Of these deficits, forgetfulness is one of the
most frequently reported complaints by the patient and their
family (20). This forgetfulness, both as a deficit in learning and
recall, has been associated more with long-term than short-
term memory (21). It has also been shown that this condition
is related to visual memory, whereas verbal and auditory
memory are better preserved (22). In the current study, the PTCI
group was seen to have significantly low success in the subtests
assessing personal and current information, time and place
orientation and logical memory. In the logical memory test, the
capacity of the subject for both learning and recall are tested in
the short and long term. Consistent with findings in literature,
the PTCI group obtained statistically significantly low results.
All these findings consistent with literature show that the WMS
tests can be used in the diagnosis of PTCI. However, when it is
considered that patients evaluated in a judicial process with the
expectation of secondary gains may demonstrate simulative
behaviours, the neurocognitive tests must be confirmed with
imaging and examination findings.

Table 2. Correlations between PTCI and the localisation of the intracranial lesions determined at the time of trauma

PTCI (n=87) Other (n=47) p-value
Variables Groups n n
o Absent 36 28
Frontal injury 0.044
Present 51 19
o Absent 33 34
Temporal injury <0.001
Present 54 13
) o Absent 40 31
Parietal injury 0.027
Present 47 16
S Absent 76 43
Occipital injury 0.469
Present 11 4
. . . Absent 77 39
Periventricular injury 0.371
Present 10 8
. Absent 84 43
Cerebellar injury 0.240
Present 3 4
. - Absent 84 45
Brain stem injury 1.000
Present 3 2
PTCI: Post-Traumatic Cognitive Impairment
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Table 3. Correlations between the PTCI and neurocognitive test results

PTCI (n=87) Other (n=47) p-value
Variables Mean + SD Mean * SD
Age (years) 38.21£14.06 42.81+14.78 0.079
Personal -current information 0.72+0.28 0.89+0.18 0.001*
Time and place orientation 0.79£0.28 0.95+0.13 0.001*
Numerical range-forward 4.61+1.04 4.73£1.16 0.497
Numerical range-backwards 3.32+£1.18 3.62+0.68 0.078
Mental Co-ordination 0.59+0.31 0.71£0.24 0.079
Logical memory-(short-term, spontaneous response) 0.51£0.24 0.66%0.26 0.003*
Logical memory-(short-term recall with clues) 0.67+0.23 0.82£0.21 0.001*
Logical memory-(long-term, spontaneous response) 0.56+0.3 0.79£0.26 0.001*
Logical memory-(long-term recall with clues) 0.77£0.25 0.9+0.23 0.001*
Benton 0.56£0.21 0.63£0.22 0.079
Stroop test time difference 48.09+20.18 48.91+23.87 0.957
PTCI: Post-Traumatic Cognitive Impairment, *Significant at 0.05 level; Student’s t-test or Mann-Whitney U test, SD: Standard deviation

CONCLUSION

TBI and PTCI are a serious problem with economic and social
dimensions in addition to health problems. The majority of
patients who suddenly become physically and socially disabled
have to be distanced from community life.

Within the clinical forensic medicine applications in Turkey,
the determination of trauma sequelae of a judicial nature is
an important area of work. In this study, by evaluating and
comparing the head trauma characteristics, radiographic
findings, and neurocognitive test results of cases examined
for disability evaluation, it was aimed to determine the most
effective methods of determining PTCI and the factors causing
this.

As in all trauma, head traumas are preventable causes of
morbidity. There is a need throughout the world in general
for more preventative measures to be taken, such as reducing
workplace accidents, increasing protective measures,
developing equipment to prevent head trauma in traffic
accidents, etc.

There is a need for further studies of the early stage treatment
and rehabilitation of head trauma and for more sensitive and
detailed examinations of the long-term effects on the patient.
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