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Background: Application of adequate numeric scales is essential for assessment of a patient’s
condition. The scales most commonly used by the therapeutic team for assessment of a patient
with traumatic brain injury (TBI) include deficit scales, functional scales, and scales assessing
quality of life. The purpose of this study was to establish the relationships between the particular
scales used for assessment of patients with TBI.

Methods: This multicenter study included 159 patients with TBI. The direct observation
technique was used. Two measurements were made (at hospital admission and discharge) using
standardized assessment scales, ie, the Glasgow Coma Scale (GCS), the Functional Capacity
Scale (FCS), the Functional Index “Repty” (FIR), and the Glasgow Outcome Scale.

Results: Patients with mild impairment of consciousness were most numerous in the examined
group at both admission and discharge, ie, 118 (78.8%) and 134 patients (89.3%), respectively.
The mean score for functional capacity measured with the FCS was 34.41 points (71.7%)
on the day of admission and 41.87 points (87.2%) on the day of discharge from hospital. A
significant correlation was found between results obtained using the GCS and results on the
FIR, on both the day of admission [R t(n-2) =7.612=0.530; P=0.00] and the day of discharge
[R t(n-2) =8.998=0.595; P=0.00]. Further, a high correlation was found between the FCS and
the FIR (= —0.854 on day of admission and 7 = —0.840 on day of discharge).

Conclusion: The majority of examined patients had mild impairment of consciousness.
A moderate correlation was found between the GCS and the scales assessing activities of daily
living. A high correlation was found between FCS and FIR, which may result from the similari-
ties between the analyzed tools in the scope of their construction and application.
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Introduction
Application of adequate numeric scales is essential for assessment of a patient’s
condition. In practice, this phenomenon is called clinimetrics.!? Scales allow objective
and complex assessment of a patient’s cognitive function, and facilitate the diagnostic
and therapeutic process.® Scores obtained by patients on a particular scale reflect the
results of actions taken by the therapeutic team, which is important in every health
care system. Therefore, the measuring tools have to be common and universal to allow
assessment of both patients and their environment. With such instruments, it will be
possible to determine priorities based on empiric data and health concepts. They will
allow health care professionals to assess the results of their actions in terms of treat-
ment of disease as well as the long-term functioning of the patient.*

The need for development of quantitative measuring tools and their implementa-
tion in clinical practice results from the basic consequences of a disease (as defined
by the World Health Organization): damage (mental, physiological, or anatomical
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deficit or defect); impairment (decreased level of an action
of an organ or system as a consequence of a damage); and
disability (damage and inability to perform social roles and
tasks, which results in a less favorable social position).!
Another argument in favor of using numeric rating scales is
paradigm in evidence-based medicine, which allows access
to extensive knowledge acquired from systematic scientific
studies.*

Injuries, including traumatic brain injuries (TBIs), may
be critical health-threatening and life-threatening condi-
tions. The annual incidence of TBI is rising and is estimated
at 200-300 per 100,000 population. In Poland, 20%-30%
of all TBIs lead to moderate or severe damage. TBI is also
one of the leading causes of death in Polish males.’ There
are two major types of TBI, ie, closed (resulting from an
impact to the skull) and open or penetrating (from the
skull being penetrated by an object). A TBI may occur
as single isolated injury or in combination with various
other injuries. Closed injuries usually require conserva-
tive treatment. However, patients with skull fractures may
need surgery.

Clinical and functional assessment of a TBI patient is
important. The scales most commonly used by the thera-
peutic team for assessment of a patient with TBI include
deficit scales, functional scales, and scales assessing quality
of life.! The Glasgow Coma Scale (GCS) is a deficit scale
widely used by anesthetists and neurosurgeons to estimate
the patient’s level of consciousness. The most frequently
used functional scales include the modified Rankin Scale, the
Katz Activities of Daily Living Scale, the Barthel Index, and
the Functional Independence Measure.! Quality of life in the
physical, mental, and social domains can be assessed using
the Quality of Life Index devised by Ferrans and Powers, the
Short Form-36, the Sickness Impact Profile, and the Quality
of Life after Brain Injury scales.!

Based on the data available in the literature, it cannot be
concluded which of the measuring tools (scales) described
by various authors is best. However, there is evidence that
they can be all successfully applied in neuro-nursing prac-
tice. The debate continues in the literature as to the most
appropriate methods for assessment and treatment of TBI
patients.®

The purpose of this work was to establish the relationships
between the particular scales used to assess the condition of
patients with TBI. To achieve this aim, the following detailed
problems were formulated:

e What is the patient’s level of consciousness and what is
their functional capacity on the day of admission and at
discharge?

e s there a correlation between measurements made with
the GCS and the scales used for assessment of functional
capacity, ie, the Functional Capacity Scale (FCS) and
Functional Index “Repty” (FIR)?

e s there a correlation between assessment of a patient’s
condition using the FCS and assessment using the FIR?

Materials and methods

Study design

The research proposal was approved by the bioethics commit-
tee. The study included patients hospitalized on five neurosur-
gical wards and clinics across Poland, ie, the Neurosurgery
and Neurotraumatology Ward at University Hospital no 2
in Bydgoszcz, the Clinic of Neurosurgery, Neurotraumatol-
ogy and Pediatric Neurosurgery at University Hospital no 1
in Bydgoszcz, the Clinic of Neurosurgery at 10th Military
Clinical Hospital with Polyclinic in Bydgoszcz, the Clinic
of Neurosurgery and Pediatric Neurosurgery at Clinical
Hospital no 4 in Lublin, and the Clinic of Neurosurgery
at University Hospital in Wroctaw. Due to significant dif-
ferences in numbers of hospitalized patients between the
above-mentioned wards and clinics, data from only three of
them, with a comparable number of patients, were analyzed.
Therefore, we included 159 patients admitted to the Clinic of
Neurosurgery, Neurotraumatology and Pediatric Neurosur-
gery at University Hospital no 1 in Bydgoszcz (63 patients,
representing 39.6% of all examined patients), Neurosurgery
and Neurotraumatology Ward at University Hospital no 2
in Bydgoszcz (52 patients, 32.7%) and the Clinic of Neuro-
surgery at 10th Military Clinical Hospital with Polyclinic in
Bydgoszcz (44 patients, 27.7%).

Data collection

Data were collected for patients admitted to wards/clinics
with TBI and underwent conservative or surgical treatment.
The patients were assessed twice by a trained neuro-nursing
team, ie, on the day of admission (assessment 1) and on the
day of discharge (assessment 2). The majority of the patients
were males (71.1%). Patients aged 51-60 years (23.9%) con-
stituted the largest age group. The majority came from urban
areas (72.3%). There were nine deaths in the examined group;
those patients were not taken into consideration in the statistical
analysis (due to lack of results on the day of discharge and very
low, nonsignificant results on the day of admission). The char-
acteristics of the study population are presented in Table 1.

Instruments
The method used was direct observation and measurement.
The assessment was performed twice (assessments 1 and 2)
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Table | Characteristics of the study population

Variable n (%)
Gender
Female 46 (28.9)
Male 113 (71.1)
Age, years®
=30 22 (18.8)
3140 19 (11.9)
41-50 19 (11.9)
51-60 38 (23.9)
61-70 18 (11.3)
71-80 21 (13.2)
81-90 22 (13.8)
Place of residence
Rural 44 (27.7)
Urban 115 (72.3)
Hospitalization period, days
1-3 42 (28.0)
4-6 57 (38.0)
7-10 27 (18.0)
>10 24 (16.0)
Deaths 9 (5.9)*

Notes: *Mean = 55.2, SD = 19.99 and range = 16.0-93.0. *In the main analysis, these
patients were not considered due to lack of results on day of discharge and very low
nonessential results on day of admission.

Abbreviation: SD, standard deviation.

by a trained team of neurosurgical nurses, including
the authors of this study, on their scheduled shifts. The
measuring scales applied by the team were standardized
tools used worldwide in everyday clinical practice (the GCS
and Glasgow Outcome Scale [GOS]) and scales chosen by
the authors of the study (FIR and FCS), which are used in
Poland.

Although particular measuring tools are similar in con-
struction (eg, FIR and FCS), their practical application in
TBI patients needs to be analyzed. The patient’s level of
consciousness was assessed with the GCS,” where 13-14
points indicates mild injury, 9—12 points indicates moderate
injury, and 3-8 points indicates severe injury.® The level of
these disorders were considered as mild (1315 points), mod-
erate (9—12 points), unconsciousness (6—8 points), decorticate
(5 points), and decerebrate (4 points).

Functional capacity was analyzed using two measure-
ment tools, ie, the FCS and the FIR. On the FCS,*!° the
deficit of care was classified as: group I, independence; group
II, mild dependence; group III, moderate dependence; and
group IV, dependence. This scale enables the clinician to
recognize the functional abilities of a patient with a particular
clinical condition, as well as the patient’s dependence on
nursing staff. The scale has 12 markers, ie, ambulation (1),
alimentation (2), personal hygiene (3), physiological needs
(4), life function [GCS] (5), breathing (6), diagnosis (7),
preoperative and postoperative treatment (8), dressing and

drainage (9), severity of pain (10), pharmacotherapy (11),
and neuropsychological outcome (12).

The FIR! categorizes the patient’s independence and
need for assistance into the following groups: group I, total
dependence (the patient requires intensive care); group II,
significant dependence (the patient requires significant help);
group III, partial dependence (the patient requires some
help); and group IV, independence (total self-reliance). FIR
is a universal, simple, and easily used tool for assessment of
activities of daily living in patients with various neurological
and motor system disorders.

A scale used for assessment of the final results is the
GOS,"" where 5 indicates convalescence, 4 indicates mild
disability, 3 indicates serious disability, 2 indicates a perma-
nent vegetative state, and 1 indicates death. GOS assesses the
patient’s postoperative condition, level of self-reliance, and
ability to perform social and professional roles. It is the scale
most commonly used for assessment of the outcome of inten-
sive care and for long-term monitoring of the recovery pro-
cess after head and nervous system injuries. It is a relatively
simple measurement tool, is used worldwide, and facilitates
comparison between reports, including GOS outcomes.

Ethical approval

The research protocol was approved by the bioethics commit-
tee at Collegium Medicum, Nicolaus Copernicus University,
Torun, Poland (291/2013).

Statistical analysis

A descriptive analysis of the results is presented in tables.
Means with standard deviations were calculated. The Spear-
man’s rank correlation coefficient (R) was used to measure
dependence between two variables. The non-parametric
Mann—Whitney U-test was also used. The statistical sig-
nificance level was set at P=0.05. All calculations and
figures were prepared using Microsoft Excel and Statistica
version 10.0.

Results

The level of consciousness was assessed using the GCS scale.
On the day of hospital admission (assessment 1), the majority
of patients (118, 78.7%) were diagnosed with mild impairment
of consciousness (GCS 13—15 points). On the day of discharge
(assessment 2) patients with mild impairment of conscious-
ness were the most numerous group (134, 89.3%). In general,
no improvement was observed in 91 patients (Table 2). There
was no statistically significant difference in gender, age, place
of residence, or results on the GCS scale between the day of
admission and the day of discharge (P>0.05, Table 2).
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Table 2 Assessment of patients’ condition using particular scales

Scale Groups, determinants, points Assessment | Assessment 2
n (%) n (%)
GCS Mild, 13-15 118 (78.7) 134 (89.3)
Moderate, 9-12 15 (10.0) 7(4.7)
Loss of consciousness, 6-8 12 (8.0) 7 (4.7)
Decorticate, 5 1 (0.7) 1 (0.7)
Decerebrate, 4 4(27) 1 (0.7)
Mean 13.2 14.1
SD 2.866 2219
Gender and GCS P=0.988 P=0.857
Age and GCS P=0.577 P=0.772
Place of residence and GCS P=0.075 P=0.414
FCS I, self-reliant patient 48 (32.0) 112 (74.7)
I, patient requiring help 59 (39.3) 23 (15.3)
Ill, patient requiring much help 29 (19.3) 6 (4.0
IV, patient requiring intensive care 14 (9.3) 9 (6.0)
Mean 34.1 41.8
SD 9.855 9.414
Gender and FCS P=0.350 P=0.700
Age and FCS P=0.001 P=0.088
Place of residence and FCS P=0.310 P=0.318
FIR |, total dependence 43 (28.7) 18 (12.0)
I, considerable dependence 42 (28.0) 12 (8.0)
Ill, partial dependence 22 (14.7) 20 (13.3)
IV, independence 43 (28.7) 100 (66.7)
Mean 61.19 85.15
SD 31.923 28.988
Gender and FIR P=0.388 P=0.185
Age and FIR P=0.000 P=0.001
Place of residence and FIR P=0.341 P=0.469
GOs 5, patient can lead normal life, convalescence - 90 (60.0)
4, mild disability, self-reliant patient - 24 (16.0)
3, high disability, patient needs help in ADL - 27 (18.0)
2, permanent vegetative state - 9 (6.0)
Mean - 43
SD - 0.968
Gender and GOS - P=0.267
Age and GOS - P=0.000
Place of residence and GOS - P=0.660

Abbreviations: ADL, activities of daily living; FIR, Functional Index “Repty”; GCS, Glasgow Coma Scale; FCS, Functional Capacity Scale; GOS, Glasgow Outcome Scale;

SD, standard deviation.

The mean score for functional capacity measured with
the FCS was 34.1 points on the day of admission (71.7%),
and 41.8 points (87.2%) on the day of discharge. At assess-
ment 1, the majority of patients (59, 39.3%) were classified
as group II (mildly dependent), with the smallest number of
patients (14, 9.3%) being classified as group I'V (dependent).
At discharge, most of the patients (112, 74.7%) were clas-
sified as group I (independent) and only six patients (4.0%,
the smallest number of patients) as group III (moderately
dependent). Analyzing the relationship between these results
and demographic factors, a significant dependence was found
between patient age and functional capacity on the day of
admission (P=0.001). The data are presented in Table 2.

Using the FIR on the day of admission, 43 patients
(28.7%) were classified as group I (totally dependent). The

same number of patients (43, 28.7%) were classified as
group I'V (independent). The smallest number of patients (22,
14.7%) were classified as group I1I (partially dependent). On
the day of discharge, the majority of patients (100, 66.7%)
were classified as group IV (independent), while the small-
est number of patients (12, 8.0%) were classified as group 11
(highly dependent). A small but significant correlation was
observed between age and outcome on the FIR on days of
admission (P=0.000) and discharge (P=0.001, Table 2).

The final results of treatment were assessed using the
GOS, which showed that 60% of patients had recovered from
their injury and were able to live normally. Nine patients
remained in a vegetative state. We also found a significant
correlation between the results of treatment measured with
this scale and patient age (P=0.000, Table 2).
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Table 3 Dependence between GCS and FCS

Assessment FCS

1 ] ]| v

n (%) n (%) n (%) n (%)
Assessment |: GCS, points
13-15 48 (100.0) 55(93.2) 15(51.8) 0 (0.0)
9-12 0 (0.0) 4(6.8) 9 (31.0) 4 (28.6)
6-8 0 (0.0) 0 (0.0) 5(17.2) 9 (64.3)
5 0 (0.0) 0 (0.0) 0 (0.0) 1 (7.1)
4 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

n=150, R=-0.652 t(n-2) = —10.460, P=0.00
Assessment 2: GCS, points
13-15 112 (100.0) 21 (91.3) 1 (16.7) 0 (0.0)
9-12 0 (0.0) 2 (8.7) 3 (50.0) 2(222)
6-8 0 (0.0) 0 (0.0) 2(333) 5(55.6)
5 0 (0.0) 0 (0.0) 0 (0.0) L)
4 0 (0.0) 0 (0.0) 0 (0.0) I (11.1)

n=150, R= —0.687, t(n-2) = —10.486, P=0.00

Abbreviations: FCS, Functional Capacity Scale; GCS, Glasgow Coma Scale.

On the day of admission, it was observed that all inde-
pendent and self-reliant patients (FCS group 1) had mild
impairment of consciousness (GCS 13—15 points). Mildly
dependent patients (4, 6.8%), classified as FCS group II,
had moderate impairment of consciousness (GCS 9-12
points). Similarly, on the day of hospital discharge, patients
who were independent in their everyday activities of living
scored 13—15 points on the GCS scale. None of the patients
who were dependent on others had mild impairment of
consciousness. These results were statistically significant
(P=0.00, Table 3).

A moderate correlation was found between the results
obtained using the GCS and assessment of functional
capacity measured with the FIR, both on the day of hos-
pital admission [Spearman’s correlation coefficient R
(n=150, t(n-2) =7.612=0.530; P=0.00] and on the day of

Table 4 Dependence between GCS and FIR

discharge [Spearman’s correlation coefficient R (n=150,
t(n-2) =8.998=0.595; P=0.00, Table 4]. This means that a
lower level of consciousness (on the GCS) results in the
patient having decreased functional capacity (on the FIR).

A high correlation was found between the scales used
for assessment of functional capacity, ie, the FCS and FIR
(R=-0.854 at assessment 1 and R=—0.840 in assessment 2)
which may reflect the similarities between these scales
in terms of their scope of construction and application
(Table 5).

Discussion

Disorders of consciousness are a serious complication of
TBI. The most common and widespread tool used for their
assessment is the GCS which has been shown in the litera-
ture to have high reliability and good prognostic ability.'?

Assessment FIR
I I 1] v
n (%) n (%) n (%) n (%)
Assessment |: GCS, points
13-15 18 (41.8) 37 (88.1) 20 (91.0) 43 (100.0)
9-12 10 (23.3) 4(9.5) 1 (4.5) 0 (0.0)
6-8 10 (23.3) 1 (2.4) 1 (4.5) 0 (0.0
5 1 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)
4 4(9.3) 0 (0.0) 0 (0.0 0 (0.0)
n=150, R=0.530 t(n-2) =7.612, P=0.00
Assessment 2: GCS, points
13-15 5(27.8) 10 (83.3) 19 (95.0) 100 (100.0)
9-12 4(22.2) 2 (16.7) 1 (5.0) 0 (0.0)
6-8 7 (38.8) 0 (0.0) 0 (0.0 0 (0.0)
5 1 (5.6) 0 (0.0) 0 (0.0 0 (0.0
13-15 1 (5.6) 0 (0.0) 0 (0.0 0 (0.0
n=150, R=0.595 t(n-2) =8.998, P=0.00
Abbreviations: FIR, Functional Index “Repty”; GCS, Glasgow Coma Scale.
Patient Preference and Adherence 2015:9 submit your manuscript 873
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Table 5 Dependence between FCS and FIR

Assessment FIR
1 [ 1] v
n (%) n (%) n (%) n (%)
Assessment |: FCS
| 0 (0.0) 2 (4.8) 4(18.2) 42 (97.7)
1] 10 (23.3) 32 (76.2) 16 (72.7) I (2.3)
1} 19 (44.2) 8 (19.0) 2(9.1) 0 (0.0)
v 14 (32.5) 0 (0.0) 0 (0.0) 0 (0.0)
n=150, R=—0.854 t(n-2) = —-19.991, P=0.00
Assessment 2: FCS
| 0 (0.0) 0 (0.0) 14 (70.0) 98 (98.0)
1] 6 (33.3) 9 (75.0) 6 (30.0) 2 (2.0)
1 3 (16.7) 3 (25.0) 0 (0.0) 0 (0.0)
[\ 9 (50.0) 0 (0.0) 0 (0.0) 0 (0.0)

n=150, R=—0.840 t(n-2) = —18.852, P=0.00

Abbreviations: FCS, Functional Capacity Scale; FIR, Functional Index “Repty”.

The highest mortality and disability rates are found in patients
with severe TBIL."* Mortality in our study population was
5.7%, and 11% had severe injuries (GCS 3-8 points). In our
study, TBI was more common in men (71%) than in women
(29%), which is consistent with data reported from other
countries.>*"1> Although TBI is most common in people
under the age of 40 years,>!*! this age group represented
only 26% of all subjects included in our study.

The literature indicates that about 50% of patients who
suffer a serious TBI have moderate or high levels of disabil-
ity, as evaluated by the GOS.!” In our study, these patients
constituted 24% of the study population.

The survival rate after TBI and in the disabled patient
population as a whole depends mostly on the degree of
the patient’s problems with immobilization, urinary and
fecal incontinence, dysphagia, early epilepsy, and loss of
cognitive and intellectual functioning.! In light of these
problems, it is important to assess the patient’s functional
capacity. The tools used in our study for functional assess-
ment were the FCS and FIR. The results show that about
42% of patients required considerable or intensive help with
activities of daily living on the day of hospital admission.
On the day of discharge, only 15% required this level of
assistance. Review of the literature indicates that limited
ability resulting from moderate or severe injury, at least a
year after hospitalization, occurs in up to 50% of individu-
als. Fifteen percent of patients need constant assistance.'®
It should be emphasized that these results correlate with
age, ie, the older the patient, the more significant the func-
tional limitations. This finding is consistent with studies
reported by other authors.!” According to Gardner et al*
advanced age is an independent variable that determines
the worst prognosis after a severe TBI. Potts et al?! divided

patients into four age groups, ie, <35, 35-49, 50-64,
and =65 years, and reported a mortality rate in each group
of 19.2%, 66.7%, 60%, and 80%, respectively, and no sig-
nificant correlation was found between age and GOS score
(r=-0.42; P<0.0001); however, patients under 35 years of
age had higher GOS scores than patients in the other age
groups (P<<0.0001).

Descriptions of scales for assessment of functional capac-
ity in TBI patients are found in numerous publications.!$!%22
The authors of this study found a significant dependence
between the FCS and FIR, which may reflect the similarities
between these tools in terms of their scope of construction
and application.

Functional ability and quality of life in TBI patients can
also be influenced by a degree of impaired consciousness,?>*
as shown by our study. A correlation between GCS and FCS
was found as well as a relationship between GCS and FIR.
Settervall et al* found a correlation between GCS and some
domains of the Short Form-36, and the highest result was
obtained for functional capacity.

Conclusion

The majority of patients in our study population suffered from
mild impairment of consciousness. However, on the day of
discharge, 10% (measured with the FCS) and 20% (measured
with the FIR) of our study patients required considerable or
intensive help with activities of daily living. A moderate
correlation was found between the GCS and the scales for
assessment of activities of daily living, ie, the FCS and FIR.
A high correlation was found between the FCS and FIR,
which may result from the similarities between these scales
in their scope of construction and application. Correlations
between particular scales do not indicate which measuring
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instrument is the best. However, it may be concluded that
they can all be successfully applied in neuro-nursing practice.
Our results highlight the need for such analysis to facilitate
planning of complex nursing care, implementation of the neu-
rorehabilitation process, and engagement of social services.
They also underscore the need for an interdisciplinary team
to ensure the best quality of life in TBI patients.
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