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CLINICAL NEUROPSYCHOLOGICAL ASSESSMENT BY USING
TEST OF MEMORY AND LEARNING (TOMAL) IN THE CASE OF
CHILDREN WITH BRAIN INJURIES

ADRIANA CANDEA !

ABSTRACT. The aspects concerning memory from the point of aéwlinical
neuropsychology seem to be unclear. Almost everifumgtion of the central
nervous system (CNS) associated with problems persor cognitive functions
has also been associated with a type of memoryifmpat, this being a usual
problem underlined by the patients (Reynolds, 2Gd8¢cher, 2004). In the cases
of traumatic brain injury (TBI), memory impairmenteem to be the most
common among patients' problems (Mellick, 2004; iéys, 2005). This research
emphasizes several aspects concerning the asséssnmeemory functionality in
the case of children that suffer cerebral traumafiaries, by using the assessment
tool TOMAL — Test of Memory and Learning. It also urlahes the way children's
cognitive abilities change due to the traumatiarip;
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ABSTRAKT. Klinische neuropsychologische bewertung durch getés- und
lernenstest (TOMAL) bei kinder mit traumathischapferletzungen.

Die Gedachtnisprobleme scheinen allgegenwaértig én klinischen Praxis der
Neuropsychologie. Fast allen Unordnungen des zentrBlervensystems (SNC)
assoziiert mit Stdérungen der héheren kognitivenkfomen wird eine Form der
Gedachtnisstdrung assoziiert, registriert als éiicties Problem bei den Patienten.
(Reynolds, 2003; Fischer 2004;). In den Fallen v@chadel-Hirn-Verletzungen
(LTC), die Gedachtnisstdrungen sind die haufigsten alle Problemen der Patienten.
(Mellick, 2004; Reynolds 2005).Die vorliegende S$tudersucht einige Aspekten der
Bewertung der Abruf-Funktionalitdt bei Kindern, d&chadel-Hirn-Verletzungen
erlitten haben, durch Benutzung der TOMAL — TesMaimory and Learning (Test
fir Gedachtnis und Lernen)-Testbatterie um die Mizéungen der kognitiven
Leistungsfahigkeit von diesen Kindern nach deré&fedng zu markieren.

Stichworte: Gedachtnis, Schadel-Hirn-Verletzung, TOMAL, Abruf-$teing.

Memory is almost always an important aspect fomabge rehabilitation
or retraining (Skeel and Edwards, 2001). However, ré-establish memory
functions after a traumatic cerebral injury hasetallace is less predictable than
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the way others, more general, cognitive functioms de rehabilitated, this

probably being because of the attention deficigd Hve characteristic for cerebral
injuries. Memory deficits are the most persistanpairments in TCI (Skeel and

Edwards, 2001). While certain memory functions (fstance, immediate recall)

are annulled both in the context of functional asrdanic impairments, other

memory aspects (e.g. delayed recall or memory less) establish a clear

difference between psychiatric impairments sucdegwession and TBI and other
CNS injuries. Most of the TBI cases can be groujpethree distinct categories

from the point of view of age-the first group refdéo the age range between birth
and 5 years of age; the second group, 15-24 yé&dramd the third, over 75 year

old; males numerically exceed in females, 2 to afAcrash is the most common
cause for TBI, while other accidents and violemespectively, come second and
third (Langlois, Rutland-Brown and Thomas, 2006).

Taking into account the importance of memory inlydéasks, especially
during schooling period, as well as its importandgle assessing brain functional
and physiological integrity, it does not surprise that memory assessment in
children and adolescents is an extensively-stualspect.

To a certain degree, assessing memory in childrdradolescents must have
been considered as being important beginning Wétitst modern test for intelligence
(Binet, 1907) and continuing with a more importest for assessing intelligence, the
Wechsler Scales. These tests, within their diffevamiants for children, included at
least one or two short assessment tasks for ghrortshemory. All in all, major texts
about child neuropsychology written during the 19@0Ad 1980s (for instance Bakker,
Fisk and Strang, 1985; Hynd and Obrzut, 1981) db discuss about memory
assessment, although it was pointed out that 808 epresentative group of clinicians
who use memory assessments emphasized the faotghadry is an important aspect
of the cognitive and intellectual functions asses®m(Snyderman and Rothman,
1987). In 1995, only important textbooks took ircount memory function
assessment in children (for instance Rourke, Baklisk and Strang, 1983), as well as
its relationship with different medical malfuncting (Baron et al., 1995), or even
neuropsychiatric ones (Gillberg, 1995) is commdnbluded in major papers about
child neuropsychology.

Brain injuries (Bl) and their effects represent ajon problem for public
heath, they being the cause for approximately twas from the post-traumatic
deaths and the most frequent generator of permatisability condition post-
traumatically. Recent statistics from USA and Germneounted 200-300 cases of
Bl reported for 100,000, the incidence peak cowadgmg to the 15-24-years-old
people. The ratio between the CCl in males and liegria 2—4/1.

In the case of the patients with multiple injurie®% are Central Nervous
System injuries, while brain injuries are presenthe case of 75% of those who
died in car crashes. In Romania, the data revdafed preliminary investigation
developed byNeuroTrauma Group of SRN in 1997 emphasized that brain injuries
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can be found in a proportion of 25-95% in the splemed department, with a
mortality average of 60-90% in the cases of sebeain injuries, while the ratio
corresponding to the same indicator in the Eurof@@anmunity in 1996 was 31%.
Ever since the times of Hippocrates it was knowat tfrain injuries in

children are different from those in adults notyofibm the point of view of their
frequency, of their producing mechanism or of thilumatic types, but also from
the point of view of the brain reaction or the matof the late traumatic consequences.
These differences were better investigated durimeg last decades, especially in
complex papers belonging to Matson (1969); Med®68); Jennett (1970); Arseni,
Horvath, Ciurea (1980); Millan (1999); Zumann, (2)irsch, (2006).

Memory neurobiology

Attention leaves traces or indicators in the br#is becoming memory.
Memory, in the most common perception, is the Bbit recall an event or a piece
of information of various types and forms. From ialdgical point of view,
memory functions on two major levels, one of théividual cell, and the other of
the system. Once memories appear, they imprint gggmvithin the individual
cells (Cohen, 1993; Diamond, 1990; Scheibel, 198@)Jusively within the level
of the cell membranes and within synaptic physiglog

The median temporal lobe, especially the hippoaargnd its connecting
fibers within the limbic and para-limbic structurds of great importance in
developing associative memory. The limbic systeragiiy the posterior regions of
the hippocampus) also mediates the developmentraditoned responses. Thus,
certain patients with posterior lesions locateflippocampus do not respond to the
operating paradigms when the bi-directional prografar consolidation are
missing. The medial injury at the level of the temg lobe and of its connecting
fibers or at the level of median diencephalic dtrites causes difficulties in
building new memories (retrograde amnesia), buse¢hean also unlock recent
memories, ones appeared before the time of th@negietrograde amnesia).
Different regions within limbic and para-limbic sttures play an important role in
building certain types of memories and simply ctioded memories may appear
at sub-cortical level. All the interactions takipéace at the level of the above
mentioned systems are to be controlled by the taiterconnected mechanism
situated especially at the level of the brain stard frontal lobes, this leading to
directly and indirectly facilitating memory developnt. Memory is a complex
function resulting from the interaction of diffetecerebral systems (with unequal
contribution). If one of this system is injured maggatively influence the capacity
of developing new memories.

In the case of right-handed persons, verbal andesgiil memories may
be affected to a greater extent as a result ofrjuey from the level of the left
temporal lobe and its connected regions. Injumethée right hemisphere interfere
in a negative way, especially with visual and sgatiemory.
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Research objective:
Assessing the functionality peculiarities of themneey in the case of two
brain injured patients by using TOMAL (Test of Memand learning) probe.

Hypothesis:
Traumatic brain injuries highly interfere with mema@erformance in the
case of children afflicted by this type of trauma.

Participants:

Two participants were included in this researcmgithe following criteria:

a. participant diagnosed with acute isolated catabjury or with a brain
injury part of an associated trauma, case in wthiehbrain injury is responsible for
the patient's serious health problem;

b. neurologic status situated between 12-9 ranigeseing assessed by
using GCS (Glasgow Coma Scale);

c. neurologic status situated below or on the @eaiit being assessed by
using GCS (Glasgow Coma Scale) during the primagsessment, patient who
required intubation.

Tools used during the research

a. Glasgow Coma Scale (GCS)

This scale assesses three distinct component® afaihiscience estate: the
patient's ability to open his eyes, verbal, andano¢sponse. The scores obtained
on those three levels are added being obtainedah 4core between 3 and 15
points. The GCS score has a diagnosis and prognedi®. It is easy to be
calculated by adding the score obtain for oculactien (OR), verbal (V) and
motor (M) — the normal score is 15 points. Comadgresponding to a score <8
points, going till lack of reaction, it being notad GCS=01V1M1=3 points.

b. TOMAL-Test of Memory and Learning

TOMAL is a complex battery of probes, composed 4f miemory and
learning tasks (eight main sub-tests and six supghdary sub-tests), standardized
for people with ages within 5 years 0 months O days 59 years 11 months 30
days. Its eight main tests are divided into vedrad non-verbal memory content
areas. These areas can be mixed, thus making ap@osing test.

Specialized literature identifies two main reseagcithat investigated the
relationship between gender, ethnic variables dra gerformances scored in
TOMAL test. Mayfield and Reynolds (1997) comparekiter and black children's
performances with those obtained by the normatarepde used for standardizing
TOMAL. The results obtained proved that white atatk children scored similar
performances with those of the normative sampleiaking into account the main
factors of the probe, Reynolds and Bigler (1996yg&sting that “the task is
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perceived similarly by two testing groups” (p. 12Burthermore, the researchers
investigated all those 14 sub-tests as a wholdlsst,showing global significance.

Mayfield, Lowe and Reynolds (1998) investigatechimother research the
performances obtained by males and femald®e results proved that female
participants obtained higher scores in verbal tasksle male participants had
higher scores in spatial tasks. Authors mentiomadrey their conclusions that the
results obtained correspond to similar tasks usedi$sessing intelligence, these
showing that despite the identified results “thesr@a common base both for male
and female participants”.

The standard TOMAL scores per age are made upuwfrhain indexes
and five supplementary indexes. The main ten ssis-tere divided into Verbal
Memory Index (VMI) and Nonverbal Memory Index (NMIhe Composite
Memory Index (CMI) is derived from the ten main debts. The Delayed
Response Index (DRI) is made up of the responstetiour sub-tests in the first
30 minutes after testing.

The supplementary indexes include Verbal DelayechRéndex (VDRI),
Attention/Concentration Index (ACI), Sequential Mam Index (SMI), Free
Recall Index (FRI), Associative Recall Index (ARNd Learning Index (LI).

The Verbal Memory Index (VMI) includes five sub#&sMemory for
Stories, Word Selective Reminding, Object Recaljrétl Recall, and Digits
Forward. The optional sub-tests such as Lettersvéaat, Digits Backwards, and
Digits Forward are considered to be verbal measen¢immstruments, but they are
not included in the Verbal Memory Index as parthed Composite Memory Index.
Each of these sub-tests is presented verbally eordpis for a verbal answer from
the examiner. These sub-tests vary in terms of semeomplexity and/or need for
language understanding. This allows the examinerestablish whether the
language or the meaningful context improves orriwstes the child’s ability to
recall the information he or she was presented.

The TOMAL sub-tests

The 8 core sub-tests, the 6 supplementary sub-testisthe delayed recall
trials take approximately 45 minutes for an experél examiner to administer.
The sub-tests were chosen in order to provide adbavaluation of the memory
functions and, when all are used, to provide thestnommprehensive memory
evaluation available.

The presentation and the responses format in th@nédration of the
TOMAL sub-tests vary systematically in such a way@sample the verbal, visual
and motor modalities and the combinations amongntire the format of the
presentation and of the response. Several tesgg@vaed for a criterion made up
of several sub-tests, including selective recall,such a way as to determine
learning or acquisition curves. Multiple tests grevided (at least five are
necessary according to Kaplan, 1996) in the sekectecall sub-tests for an
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analysis of the processing depth. In the formatedéctive reminding (in which the
examinees are reminded only the "omitted” or uralled stimuli, when the
articles which have been recalled once will notdumlled in the subsequent tests,
problems are revealed in the transferring of timawt from the working memory
and the immediate memory to long-term storage. ifisertion of cues is also
allowed at the end of Delayed Word Selective RemgndThe reason for this is to
increase the examiner’s ability to test the deptthe® processing.

The established memory functions (for instancertfeanory for stories),
which are related to academic learning, are indydéong with tasks that are more
common in experimental neuropsychology and whicletehigh (Facial Memory)
or low (Selective Visual Reminding) ecologic relega. Some sub-tests use very
meaningful material (Memory for Stories), while eth use very abstract stimuli
(Abstract Visual Memory).

Apart from the review of the memory function, therpose for including
such a factorial series of tasks on multiple level$o allow for a thorough and
detailed analysis of the memory function and ofeptial memory deficits which
could be discovered. The neurophysiologist’s tastoiadminister sub-tests which
are very specific and variable in terms of pred@naand response format and
which sample from all the relevant brain functionorder to solve the complex
puzzle of brain-behavior disorders. Kaufman (19W@s the first to present a
detailed model for the analysis of test data irommrehensive format (elaborated
later, Kaufman, 1994), which make the clinicianask similar to that of a
detective. The detail, breadth and variety of tii@&VIAL sub-tests, together with
their excellent psychometric properties, make TOMAéeal for usage in a model
for “intelligent testing”, especially in the analysof brain-behavior relations
associated to the memory function.

Case Studies

Case study no.1: Tiberiu

At the age of 14, Tiberiu suffered an acute carbwmoxide poisoning.
The gas installation in the closed garage whereeriibwas playing was not
working properly, releasing carbon monoxide in #iea. His mother found him
unconscious, in cardiopulmonary arrest. An NMR edee a basal ganglion lesion,
which is a classic sign of carbon dioxide poisoning

Before the accident, Tiberiu was in good health.whs a bright student,
with grades averaging 9.8. Tiberiu is now in thegrade and he has difficulties in
Mathematics and poor eye-to-hand coordinationslbelieved that his current
condition indicates a decline compared to the prevperformance.

Figure 1 represents a summary of Tiberiu's TOMAbres 15 months after
the accident. The format was obtained from scorfévame designed by Szasz,
Reynolds, & Voress, 2007. The first section ofsthenmary presents the scaled score,
the percentage hierarchy and a quality descriptaging from Very Deficient to Very
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Superior for each sub-test. The details of thexrsimres are provided in the second
section. This includes trust intervals for the mdeores and comparisons of the
various index scores. Tiberiu's DVRI (83) is belawerage and is considerably below
the performance of immediate recall, as it is otéld on the VMI (107). This clearly
indicates a significant deviation from his abiltibefore the accident and a common
sign of an organic memory deficit associated wahbon monoxide poisoning. The
Attention/Concentration Index is also low comparned other scores. Therefore
memory indicates a general decline from the levedere the accident.

His WISC-IIl scores were VIQ =109, PIQ = 82, arsl® = 95. The WRAT-
3 indicated reading at 110, spelling at 107 anchitattics at 95. Fluency was slightly
below the expectations for his age. The TOMAL-2riesy curves showed an obvious
inconsistency during the test, indicating a considle variability in the attention
processes. The learning curves are presented thitisection of Figure 1.

Subtest 3. Selective Word Reminding Subtest 7. Paired Recall

—— AWET30E NUMBEr of reminded Word  sem—" Average number of recalled objects

The subject's pefarmances ——— The subject's performances

Subtest 7. Paired Recall Subtest 10. Visual Selective Reminding

r— AYETA0E NUMBDEr of paired recalled sess—— Average number of reminded positions
The subject's performances —————— The subject's performances

Figure 1. Subject Tiberiu’s performances on the TOMAL Battery
Test of Memory and Learning

Case study no. 2 — Maria
At the age of 5, Maria was the victim of a car brasd suffered an acute
closed head trauma. She was unconscious aftectideat and she was in hospital
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for several weeks. The EEG testing indicated phggioal abnormalities in the

area of right temporal lobe. Before the accidenarill went to kindergarten, and
no difficulties related to school performance ohdedoral attitudes were noted.
Mary is now 7 years old; she is in first grade. lmcher has indicated that Maria
has difficulties related to visual processing aretmory.

No intellectual assessment was performed beforadtident, but considering
the history of Maria’s development, it was assurted she had at least an average
intellectual level before the accident. The red@BC-I1Il scores were VIQ = 95, PIQ
=112, and FSIQ = 102. Figure 2 shows Maria’s sLoreTOMAL-2. Maria’s 88 VMI
is below the average, against a 71 NMI, whichesaudy in the below the average area
of memory performance. The total CMI of 77 is ditdhin the deficient area of
memory performance. The comparisons of the globades indicate that the VMI
differs significantly from the NMI. It is obvioufiat Maria’s non-verbal test results are
generally poorer than the verbal test results. [Eagning Index was lower than
expected, considering Maria’s educational histdhe learning curves are presented in
the third section of Figure 2. The low level of thearning Index confirms the
teacher’s observation that Maria has difficultiesdataining new information.

Subtest 3. Selective Word Reminding Subtest 5. Object Recall

Average number of reminded word p—— AVETAQe number of recalled objects
The subject's performances —————— The subject's performances

Subtest 7. Paired Recall Subtest 10. Visual Selective Reminding

Average number of paired recalled

Average number of reminded positions
The subject's performances — The subject's performances

Figure 2. Subject Maria’s performances on the TOMAL Battéfgst of Memory and
Learning
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Summary of findings

Memory evaluation has a lot to offer to the cliaitiwho investigates the
neuropsychological processing in children and at@ets, especially in those with
CNS system. TOMAL is the most detailed and compmsive test which allows
also an attentive evaluation of the way in whiclidcen process and memorize
information.

There are many things to be learned about chiklraemory and especially
about the use of delayed recall indices, which haeeed so valuable in the case
of adults as well. The current efforts are focusadletermining the diagnosis and
the implications of the test results in the treattnall with promising results. The
crucial role of the clinical memory evaluation hettasks of the neuropsychologist
is determined by the nature of memory in everydayand the problems related to
memory in CNS disorders.

In the specialist literature, researchers claint thamory is not just a
singular function, or an entity, but rather tha¢ term “memory” encompasses a
complex system of cognitive processes, includinguaing, keeping, memorizing
and updating the information (Gross & Mcllveen, 999Reynolds and Bigler
(1994) claim that there is no uniform terminologed to describe the functionality
of the memory. Up to now, specific memory elemdrage been identified based
on the theoretical approach of the researcherseSithese elements include the
working memory, recognition versus updating, verbalsus nonverbal, abstract
versus figurative. Irrespective of the definiti@ken into consideration, memory is
clearly essential for the cognitive processes. hiegrin particular displays a direct
connection to memory. This is why it is considefadelative, permanent change
in behavior, as a result of experience” (Gross llietiveen, 1999), and without a
memorization of these experiences, learning coatdake place.

On the systemic level there is a division betwaamory formation and
memory storage. A large amount of evidence sugdeatsassociative memory is
stored distributively throughout the cortex, allagyifor manifestation in a statistic
function (Cohen, 1993). At the same time, thereuglence indicating a more
localized storage of certain memories and the exést of localized centers for the
formation of memory, both in the classical anddperating conditioning.

The entire brain takes part in the functioning leé tmemory through the
distributive storage of the memory. The recall wbisg memories tends to be one
of the most robust neuronal functions, whereasfohnmation of new memories,
prolonged attention, and concentration, tend tarheng the most fragile neuronal
functions. Most types of neurological disorders associated with an abnormal
decrease of memory performance along with dislonati of attention and
concentration. This has more important consequemngesn temporal-limbic
involvement appears, of the cerebral trunk or of frontal lobe. However,
different psychiatric disorders, particularly degsien, can suppress the fragile
anterograde memory systems. An attentive analySism@mory, forgetfulness,
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affective states and a comprehensive neuropsycicalogsting may be necessary
before concluding that the memory related disordezof organic origin.
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