
SUMMARY
The purpose of this study was to evaluate the effectiveness

of two different neurotherapy programs in patients aroused

from prolonged coma after a severe traumatic brain injury.

The assumption was that relative beta training would not

have a significant impact on outcomes, while rTMS would

support improved outcome.

We examined 40 patients who had suffered a severe TBI and

prolonged coma and were undergoing long-term rehabilita-

tion according to a standard phased program. The patients

were assigned to two numerically even groups: an experi-

mental group in which rTMS was used, and a control group,

in which relative beta training was used. The research tools

included analysis of documentation, a structured clinical in-

terview, and the Rehabilitation Effectiveness Scale for TBI

Patients.

As hypothesized, the experimental group showed signifi-

cantly greater improvement in health related quality of life,

whereas in the control group, the improvement was slight

and statistically nonsignificant.

The patients from the experimental group, who were given

rTMS, obtained a significantly greater improvement in the ef-

fectiveness of rehabilitation, especially mental and physical

comfort, than did the patients from the control group, who re-

ceived relative beta training. 
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INTRODUCTION
Traumatic brain injury (TBI) occurs when the brain experiences an insult

caused by the operation of an external force (WHO, 2004). These injuries can

be classified in terms of the severity of the damage, the mechanism of their for-

mation (closed, e.g. caused by a blow, or open, e.g. a gunshot wound), or other

factors (such as the localization of the injury or the area damaged). The expres-

sion “head injury” is often used as a synonym for TBI, but the former is a much

broader term, since it includes also injuries to organs other than the brain (e.g.

the scalp or skull; Moskala et al., 2000, 2007; Pachalska, 2007).

TBI is one of the leading causes of death and disability around the world, es-

pecially among children and adolescents (WHO, 2004). Among the causes are

falls, motor vehicle accidents, and violence (Pachalska, 2007). The number of

cases could be reduced by applying safety measures in motor vehicles (such as

seat belts and helmets) and enforcing traffic and safety regulations. Public edu-

cation campaigns intended to prevent injuries and social dependency in persons

who have already had an injury are also useful (WHO, 2004).

A TBI can be caused by a direct blow or by sudden acceleration and decele -

ration. The primary damage is accompanied by diverse secondary brain injuries,

which can appear in the first minutes or even days after the original injury. These

include especially injuries to the circulatory system and increased intracranial

pressure, which contribute to increasing the extent of the primary damage

(Moskala et al., 2007; Rehman et al, 2008).

The victims of TBI, especially those caused by motor vehicle accidents, are

often young people, active in personal and professional life, intending to study,

start a family, or begin a career (Ducrocq et al., 2006). After the patient has re-

gained consciousness, the long-term effects of the TBI begin to be apparent.

These can be divided into:

• physical problems, involving locomotion and/or the sense organs;

• cognitive disturbances, involving especially memory and concentration;

• changes in emotional functioning, behavior control, motivation, etc.

The particular profile of disturbances depends not only on the size of the injury

to the brain, but also on the setting in which rehabilitation is conducted; the best

outcomes are achieved by patients treated in rehabilitation centers with many

different specializations (Talar et al., 2003; Tepas et al., 2013); it also depends

on how early effective neurorehabilitation is commenced (Pachalska et al., 2010,

2012).

After the period of spontaneous improvement, further treatment of TBI pa-

tients can be effective; it is often difficult to anticipate precisely, however, how

quickly and to what extent improvement will occur (Ducrocq et al., 2006; Agraval

et al., 2012).

Many authors have suggested that one of the main obstacles to improvement

is the presence of emotional and behavioral disorders, which are closely inter-

related and take on many diverse forms (Mauritz et al., 2006; Ducrocq et al.,
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2006). One of the most typical changes is loss of emotional control, that is, emo-

tional lability. The patient’s emotional state changes more quickly than normal;

for example, a sudden leap from sadness to joy (or the other way around) or 

a sudden transition from laughter to weeping or from calmness to anger. These

states constitute one of the major difficulties in effective communication between

patients and therapists or family members, which in turn is a major obstacle in

rehabilitation (Benedictus et al., 2012).

In recent years considerable hope has been associated with neurotherapy.

Many authors believe that neurotraining can effect the mental state directly or

indirectly, or even the effectiveness of rehabilitation of TBI patients (Pachalska

et al., 2011). The question then arises whether or not neurotherapy can help pa-

tients aroused from prolonged coma.

The goal of the present study was to evaluate the effectiveness of two different

neurotherapy programs in patients aroused from prolonged coma after a severe

traumatic brain injury. The hypothesis was that relative beta training would not

have a significant impact on outcomes, while rTMS would support improved out-

come.

MATERIAL AND METHODS
Our research included 40 patients aroused from prolonged coma, all of whom

were under treatment at the Rehabilitation Clinic of the Jurasz Hospital in Byd-

goszcz, Poland, or in the Department of Medical Rehabilitation at the Cracow

Rehabilitation Center, according to a standard, phased rehabilitation program

(Pachalska et al., 2003). The patients were divided into two numerically equal

groups: an experimental group, in which rTMS was used, and a control group,

in which relative beta training was used. 

The exclusion criteria for this experiment included the following:

• Aphasia or dysartria, confirmed in neuropsychological testing;

• Severe disturbances of memory or attention;

• Severe emotional or motivational disturbances;

• Any other serious clinical condition that would make it difficult or impossible

to participate in the experiment (such as serious cardiovascular disease, res-

piratory disorders, decubitus ulcers, poorly heeled wounds or skin lesions).

Neurotherapy programs

Program A: Relative beta training
Training in HRV biofeedback was applied for a period of 10 minutes, while

EEG feedback (neurofeedback) was applied for 20 minutes in a two-pole set-up

with electrodes at points C3 and C4, on a Thought Technology apparatus, an 

8-channel PROCOM Infiniti by BIOMED Neurotechnology. The training was con-

ducted by a psychologist with an international certificate in neurotherapy at the

Center for Reintegration and Training of the Polish Neuropsychological Society.
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The training protocol was developed based on the results obtained by the QEEG

method. The electrodes were placed in accordance with the 10-20 international

system for electrode placement. The patients were prepared for the training in

the standard way, with an electrode impedance below 5 kilo-ohms.

During the training the frequency of 9-13 Hz was reinforced. The patient sat

in a relaxation chair (NEEDO) with foot support, providing a comfortable position

with particular regard for the foot being treated. The head was supported on 

a headrest, while the arms were arranged comfortably on the armrests of the

chair. The monitor displaying the stimuli was placed below the line of sight on a

separate stand.

Program B: magnetic stimulation
In this method, as the name indicates, magnetic fields were used for stimula-

tion. For this purpose an electromagnet was placed next to the head (Fig. 1),

which at the specified moment creates a brief magnetic impulse. The changing

magnetic fields induce a flow of current within the brain. In order for this current

to stimulate neurons, the change of magnetic field must be not only large, but

also very fast.

The stimulus directly simulates the nerve tissue, the flow of which creates

tension in the circuit of the TMS nozzle; the magnetic field only mediates between

the electrical circuits. This mediation, however, plays a key role, since magnetic

fields penetrate the skull with no difficulty, in contrast to electrical fields.

Despite the relatively large penetrability of the magnetic field, its intensity

gradually fades with distance from the nozzles of the electromagnet. The depth

of stimulation thus remains an important question. The answer depends on sev-
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eral factors: the size of the electromagnet, the maximum intensity of the field, or

the thickness of the skull. For the typical apparatus the depth of stimulation

comes to about two centimeters. This means that only the surface of the cortex

can be stimulated (although the stimulation may of course spread to other struc-

tures), while many deep structures, such as the amygdala or the thalamus, lie

beyond the range of TMS

It is also impossible to stimulate the ventral areas of the brain. This problem

is not solved by using stronger electromagnets: to be sure, the field reaches

somewhat deeper structures, but at the same time the tissue lying between the

electromagnet and these structures is more strongly stimulated, which makes it

practically impossible to interpret the results (Barker, 1999; Cowey, 2005).

Research methods

The following research instruments were used to evaluate rehabilitation out-

come:

1. Analysis of patient’s documentation (patient history and test results, including

MRI and CT);

2. Clinical interview appropriately structured to focus on how the patient copes

with the limitations resulting from the disease and the patient’s attitude (es-

pecially self image and future orientation) hierarchy of values (especially life

goals), and personality, including any available information about the premor-

bid personality;

3. The Quality of Life Evaluation Scale (Pachalska & MacQueen, 1998), includ-

ing a subscale to evaluate the patients’ mental and physical comfort, which

involves dealing with pain and sleep disturbances, mood disorders (especially

anxiety, sadness and excessive jocularity, and behavioral disturbances, es-

pecially aggressiveness. The evaluation involves three to five activities in

terms of the approximate percentage of the patient’s own participation in the

activity. The level of help required by the patient is specified in points accord-

ing to the following scale, which has been adapted from the widely used ASIA

Scale, used to provide international standards for the neurological and func-

tional classification of spinal injuries (ASIA, 1996; Baranowski, 2000):

• 1 or 2 points: complete dependency (patient’s own involvement: 0-25%);

• 3 to 5 points: limited independence (patient’s own participation: 50-75% or

independent but under immediate supervision);

• 6 to 7 points: independence (patient’s own participation: 100% with or with-

out adaptational equipment).

The evaluation was conducted by a physician specializing in rehabilitation on

the basis of his own examination and a clinical interview. Points were assigned

by three competent judges. Both the patients themselves and the local bioethics

committee gave their consent to this experiment.
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RESULTS
Our analysis of the results includes the evaluation of mental and physical

comfort and an evaluation of communication skills in social situations.

Mental and physical comfort

The result of the combined evaluation of mental and physical comfort at base-

line and followup in both research groups is presented in Table 1.

Table 1 shows that the greatest differences are observable at the extreme

ends of the scale: that is in the lowest bracket (1 to 2 points) and the highest

bracket (6 to 7 points). At baseline the experimental group had 28 scores in the

lowest bracket, which constituted almost half of all the scores, while at followup

this number had dropped to 1. In the highest bracket there were 6 scores at

baseline, as compared to 32 scores at followup, an increase of more than 5

times. In the 4-5 point bracket there were differences of 4 and 5 scores respec-

tively. A statistical analysis shows that the differences between groups at baseline

and followup are statistically highly significant (χ2 =45.953; p=0.0001). Thus the

rehabilitation program had a significant impact on improving the mental and

physical comfort of these patients. The contingency factor Csk was calculated

at 0.644, indicating a strong association and significant dependency between

the type of rehabilitation and the mental and physical comfort of the patients.

In the control group no significant differences were found between the results

at baseline and followup (χ2 =3.093; p=0.797). A detailed analysis of the data

from the control group indicates that, in contrast to the experimental group, the

number of scores in the highest and lowest brackets changed only slightly: there

was one less score in the lower bracket and one more score in the highest

bracket at followup. The greatest change in this group took place in the middle
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bracket, which had five more scores at followup, i.e. a 30% increase. There was

a surprising change in the number of 6-point scores, which went down from 5 at

baseline to 2 at followup, which may suggest that some patients subjectively

evaluated their own mental and physical comfort at a lower level. The circum-

stances (apart from the χ2 results) demonstrate either a lack of association be-

tween mental and physical comfort and the type of rehabilitation or increased

criticism and a more realistic evaluation by the patients of their own situation.

DISCUSSION
One of the main problems in the rehabilitation of TBI patients is emotional

disturbance, including aggressiveness. A certain explanation of this problem is

given by Gainotti (2003), who maintains that the emotional disturbances ob-

served in TBI patients are caused by two types of factors:

1. Neurological factors. In patients involved in a typical motor vehicle accident

with acceleration and deceleration the axial structures of the brain are most

often damaged, along with the basal and medial parts of the frontal and tem-

poral lobes. Thus the cortical and subcortical structures that are most often

damaged are those which play an essential role in various emotional pro -

cesses. The primary clinical proof of this statement is the well known preva-

lence of emotional and neurobehavioral disturbances over motor, sensory or

aphasic disturbances in TBI patients as compared to stroke patients. These

disturbances can be divided into four categories namely:

• A deep apathy syndrome, characterized by a lack of emotional reaction to

pleasant or unpleasant events and a lack of goal-directed behavior.

• Lability, i.e. the inability to control social unacceptable emotional reactions

(for example an outburst of aggressiveness in frustrating situations).

• Nonspecific anxiety or depression, manifesting in a feeling of significant

threat or sadness without any obvious cause, which may be accompanied

by vegetative symptoms.

• Impulsiveness and aggressiveness, which should be attributed to the in-

stability of the nervous system caused by the injury and the lack of control

of behavior by the frontal lobes.

2. Mental or psychodynamic factors. These result from the process of evaluation

performed by the patient in respect to:

• The importance of the consequences of the brain damage in the patient’s

personal and professional life.

• The patient’s actual and perceived ability to cope with these consequences

in various social situations.

A critical factor in this individual process of evaluation is the patient’s aware-

ness concerning the damage and its consequences (Pachalska, 2007; Tepas,

2013). If the patient is fully aware of the painful truth regarding their changed sit-

uation, the emotional reaction may take the form of a catastrophic reaction, that

is, a difficult to control attack of anxiety bordering on panic and despair. The pa-
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tient may also display a more stable syndrome of anxiety and depression (Gain-

otti, 2003).

When the patient’s level of awareness of their actual situation is low, as for

example in a patient with frontal lobe damage, or generally right hemisphere

damage, a pathological lack of interest, or even apathy, can be observed (Pri-

gatano, 2003). The patient’s behavior is then classified as “lack of motivation,”

which can be the cause of considerable problems in communication with the pa-

tient. In such cases further rehabilitation is often interrupted (Pachalska et al.,

2001; Lefebvre et al., 2007).

It may be useful to recall at this point that these symptoms often occur in

young persons, even very young persons, and are accompanied by major mem-

ory deficits and attendant disturbances in social communication. They are, then,

not only a barrier to effective rehabilitation but also to a possible return to social

life or work, and constitute a significant burden for the family. Thus, it is necessary

to cope with emotional lability, childish behavior, a lack of initiative, a low frustra-

tion threshold, and impulsive or aggressive reactions (Prigatano, 2003; Lefebvre

et al., 2007).

Although several methods exist for the pharmacological, behavioral, or psy-

chological treatment of these symptoms, it must be confessed that in many cases

the prognosis is not favorable, and a return to normal productive life very often

proves to be impossible. Often the only realistic goal for rehabilitation is to in-

crease the patient’s independence and to improve their mental and physical com-

fort and a quality of life (Gainotti, 2003; Lefebvre et al., 2007; Pachalska, 2003,

2008).

The results obtained here indicate that, as hypothesized, the experimental

group showed significantly better rehabilitation outcomes, especially as regards

mental and physical comfort, and thus health related quality of life, whereas in

the control group the improvement was slight and statistically nonsignificant.

These results have considerable significance for the further progress of these

patients. The problem raised in this article has proven to be particularly important

in the process of the comprehensive rehabilitation of TBI patients, and accord-

ingly should be further explored in future research.

CONCLUSIONS
As hypothesized, the patients from the experimental group, who received

rTMS, obtained significantly greater improvement in rehabilitation outcome, es-

pecially in terms of mental and physical comfort, than did the patients from the

control group, who received relative beta training. 
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