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Objective: To investigate the inter-rater reliability of the Ear-
ly Functional Abilities (EFA) scale. 
Design: An observational study of inter-rater reliability in 
an open cohort. 
Patients: Twenty-four patients with traumatic brain injury 
in need of medical or surgical intervention in the early reha-
bilitation section of the intensive care unit.
Methods: The EFA was assessed by 4 different professions in 
the rehabilitation team. Inter-rater reliability was assessed 
using linear weighted kappa statistics.
Results: The overall weighted kappa values of the different 
EFA items varied from 0.27 to 0.60. The items in the sen-
sorimotor functional area had the highest pairwise agree-
ment, with a mean kappa range of 0.68–0.76. The vegetative 
stability, position tolerance and wakefulness items had the 
lowest mean kappa values (0.49, 0.33 and 0.49, respectively). 
Agreement was good to excellent between the occupation-
al therapist and physiotherapist across the majority of the 
items, whereas the physician and nurse agreed less with one 
another. 
Conclusion: The inter-rater reliability of the EFA scale was 
good for most items among all the raters. The scale may 
be used by all members of the interdisciplinary team after 
training in administration and scoring. A reduction in the 
number of items in the vegetative functional domain is re-
commended.
Key words: traumatic brain injury; rehabilitation outcome; as-
sessment.
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INTRODUCTION

Traumatic brain injury (TBI) is the leading cause of death and 
long-term disability in young adults (1). The severity of TBI can 
be classified by the level of consciousness at the injury site using 
the Glasgow Coma Scale (GCS) (2). GCS scores of 3–8 represent 
severe TBI, and GCS scores of 9–12 represent moderate TBI. 
Depending on the severity of the primary brain injury and second-
ary complications, patients will have widely varying levels of 

consciousness during early recovery. Severe disability during the 
acute phase in the intensive care unit (ICU) is seen both in severe 
TBI and moderate TBI with secondary neurological deterioration 
needing medical or surgical interventions (3, 4).

Several studies have shown evidence of improved outcomes 
and functional benefits during early rehabilitation for moderate 
and severe brain injury, starting within 35 days post-injury 
(5–7). However, these studies were performed partly in acute 
hospitals and partly in rehabilitation centres. 

Thus far, to the authors’ knowledge, there has been no study 
of rehabilitation outcome measures during early rehabilitation 
in the ICU, while the patient is being weaned from organ sup-
port and awakening from a coma. In this phase, the patient is 
still totally dependent on personal assistance for activities of 
daily living (ADL), and the two most widely used functional 
independence measures, Barthel Index (BI) (8) and the Func-
tional Independence Measure (FIM) (9), tend to provide low 
scores (the floor effect) in this phase. These two observer-rated 
generic scales only measure broad ADL and mobility domains 
and do not measure more specific functional skills, such as fine 
motor ability and other fine neurological skills (10). In contrast, 
assessment with coma scales, such as the GCS and the Coma 
Recovery Scale (CRS) (11), in the early phase of recovery, 
typically provides high scores (the ceiling effect). 

During rehabilitation in the ICU, patients’ functional levels 
and neurological conditions change rapidly. Patients have short 
attention spans, and their functional abilities fluctuate during 
the day. A reliable clinical evaluation scale for the assessment 
of early neurological recovery is needed to evaluate the effect 
of the rehabilitation programme during the ICU phase. 

The Early Functional Abilities (EFA) scale was developed 
by Heck et al. (12) to close the gap between coma scales and 
functional independence scales, and was intended for use dur-
ing the early phase of neurological rehabilitation in patients 
with severe brain injury. Like the BI and FIM, the EFA scale 
is an observer-rated generic measure. In their validation study, 
Heck et al. (12) found that the EFA scale was more sensitive 
than both CRS and FIM when describing non-comatose patients 
with severe brain impairments. The study concluded that the 
EFA scale is a useful tool for assessing different capabilities at 
a very early stage of rehabilitation in patients with rising alert-
ness, despite ongoing severe motor-functional impairment. 

The assessments in the study by Heck et al. (12) were per-
formed by physiotherapists (PTs) and occupational therapists 
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(OTs). Heck et al. (12) investigated the inter-rater reliability 
of the EFA scale using correlations, and concluded that there 
was high inter-rater reliability (r = 0.80). However, correlations 
between measurements are uncertain, because correlations 
might increase with a greater variability between observed 
subjects (13). Therefore, reliability should be based on analysis 
of the agreement between the raters, rather than on correla-
tions (14). 

The EFA scale is used in neurorehabilitation for patients 
with severe brain injury in German-speaking countries (15) and 
Denmark (16), but is less commonly used than FIM. Because of 
the ceiling effect, as the patients’ functional levels improve, it 
is common to use FIM when the EFA is over 70 points (17). 

There is sparse data on the clinimetric properties of the EFA 
scale. An evaluation of the EFA scale by Danish PTs concluded 
that Heck’s results were not valid for general use of the EFA 
scale, since the scale is used differently by different professions 
on the interdisciplinary teams at different hospitals (17). 

The EFA scale has been used in the Early Rehabilitation 
Section of the ICU (ERSICU) at Oslo University Hospital 
Ullevål in Norway since 2005 (18, 19). The interdisciplinary 
rehabilitation team consists of 4 professionals: a PT, OT, nurse 
and physician. The EFA scale is assessed for each patient by 2 
or more professionals in the interdisciplinary team. However, 
use of the EFA presupposes good reliability of the 4 profes-
sionals’ scoring.

The aim of the present study was to formally assess the 
inter-rater reliability of the EFA scale. This investigation was 
undertaken in an interdisciplinary rehabilitation programme for 
patients with severe and moderate TBI in the acute phase, and 
the raters in the interdisciplinary rehabilitation team belonged 
to 4 different professions.

METHODS
Patients
This is an observational study of inter-rater reliability in an open cohort 
based on the assessment of 24 patients admitted to ERSICU between 
May 2006 and March 2008. 

The inclusion criteria for patients were age greater than 16 years, 
severe TBI (a GCS score of 3–8 at the injury site) or moderate TBI (a 
GCS score of 9–12 at the injury site) with neurological deterioration 
defined as a reduction in GCS; and a need for mechanical ventilation, 
intracranial pressure (ICP) monitoring or craniotomy. The exclusion 
criteria were chronic subdural haematoma and non-traumatic head 
injuries.

All patients had passed the immediate neuro-intensive care phase. 
They were studied during interdisciplinary early neurorehabilitation 
and as they were weaned from organ support. Eighteen patients with 
severe TBI (90%) and all 4 patients with moderate TBI (100%) were 
under ICP monitoring or craniotomy. On admission to ERSICU, 23 
patients were still ventilator-dependent. All patients stayed one week 
or more in the ERSICU. 

Interdisciplinary rehabilitation programme
The rehabilitation programme consisted of guiding and training in daily 
activities (20), positioning, transferring, mobilizing the patient into 
sitting and standing positions (21), and promoting normal swallowing, 
eating and drinking (22). The therapeutic efforts were carefully and 
individually adjusted to each patient’s needs and medical status at the 

time. The efforts most frequently used during early rehabilitation were 
mobilization to sitting, guiding, and positioning (23). The duration of 
therapeutic efforts varied from 30 min to 3 h/day depending on other 
medical interventions and the infection status of the patients.

The physician was responsible for the profile of the programme, 
and the PT and OT were responsible for planning and performing the 
therapeutic activities. The nurses were responsible for monitoring 
the patient’s vital parameters (consciousness, respiration, blood pres-
sure, pulse and temperature), but they also assisted during the various 
therapeutic activities.

Procedure
The EFA scale was assessed on 31 occasions in 20 patients with se-
vere TBI and 4 patients with moderate TBI. Seventeen patients were 
assessed once. Seven patients were assessed twice within intervals 
ranging from 3 to 16 days (mean 8 days). Assessments were carried 
out within a range of 1–44 days (mean 12 days) after discontinuation 
of short-acting analgesic infusion (fentanyl). Sedative medication 
(low-dose propofol, clonidine or neuroleptics) had been given within 
24 h before 18 of the assessments (58%). Most patients received 
zolpidem or zopiclone for sleeping. The patients had a tracheostomy 
in 10 assessments (32%). 

Four professionals on the interdisciplinary rehabilitation team 
(nurse, PT, OT and physician) were involved in the assessments. 
Based on clinical observations on a particular day, one rater from each 
profession assessed the EFA score independently of one another on 
the same day. In advance, the raters agreed to base their assessments 
on the highest level of reproducible performance that they observed 
during the day.

One PT, 2 physicians, 3 OT and approximately 20 nurses were 
raters in the study. 

The physicians were specialists in physical medicine and reha-
bilitation. The physicians, PT and OT had several years of clinical 
experience in the rehabilitation of patients with brain injury. Some of 
the nurses had several years of clinical experience in neuro-intensive 
care, but none had clinical experience in rehabilitation. Apart from oral 
instructions on how to perform the assessment using the supplementary 
text, the raters received no training in advance.

Instrument
The EFA scale includes 20 items in 4 domains: vegetative, fascio-oral, 
sensorimotor and cognitive function. It uses a 5-category ordinal scale 
from 1 (no function) to 5 (practically full function). The minimum total 
score is 20 points, and the maximum score is 100 points. 

The original language of the EFA scale is German. A Danish transla-
tion was used (Salling 2000) (24). Each of the 5 categories for the 20 
items was described with a few keywords in a supplementary text. All 
raters used the supplementary text when completing their ratings. For 
this article, the EFA items were translated into English. The translation 
is given in Appendix I.

Statistical analysis
Descriptive statistics were used for the sociodemographic variables 
(Table I). 

The total mean EFA score for the 4 raters was calculated. The range 
and distribution of scores from all raters were examined for each item. 
The floor and ceiling effects were determined by calculating the per-
centage of the sample that achieved the lowest and highest possible 
scores, respectively. Percentages greater than 20% were considered 
substantial (25). 

Inter-rater agreement between the 4 professionals was analysed for 
each item using Fleiss’ weighted kappa statistics for multiple raters 
(26) and Cohen’s linear weighted pair-wise kappa statistics among 
the 4 raters, with 6 combinations altogether (27). For ordinal scales, 
a weighted kappa accounts for the fact that, with scores between 1 
and 5, there is greater disagreement across several categories than 
across only one category. Kappa values less than 0.40, between 0.41 
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and 0.74, and above 0.75 were considered to be in poor, good and 
excellent agreement, respectively (28). The mean kappa value of the 
4 raters was calculated for each item. 

The Statistical Package for Social Sciences version 15.0 (SPSS Inc., 
Chicago, IL, USA), STATA/SE 11.1 (College Station, TX, USA) and 
MedCalc Version 11.5.1 programs were used to analyse the data.

Ethics

The EFA assessment was done as a part of a clinical routine and 
without any additional examination of the patients. Therefore, consent 
from the patient or next of kin was not required. The Norwegian Data 
Inspectorate Committee and the ethics committee at the hospital ap-
proved the study.

RESULTS

The patient characteristics are shown in Table I.

Distribution of scores
The mean total EFA score among the 4 raters was 59. Eight 
tests in 7 patients with severe TBI, and 2 tests in 2 patients with 
moderate TBI had a total score above 70. The distribution of 
the total EFA scores for all raters was bimodal, with a cluster of 
items with low scores and another cluster with high scores.

The distributions of scores per item for the 4 raters are 
shown in Fig. 1. Most items had good distribution, although 
there were some notable exceptions (Table II). 

Items with a high proportion of low scores (floor effects) 
were excretion functions (continence) (70%), movement 
changes/transfer (42%), wakefulness (39%), standing (35%) 
and comprehension (30%). The items with a high proportion 
of high scores (ceiling effects) were tonus (43%), arbitrary 
movements (38%), head control (30%) and tactile information 
(30%). The highest level of function was rarely recorded for 
the movement changes/transfer and comprehension items.

Table I. Patient characteristics

Characteristics

Male/female, n 19/5
Age, years, median (Q1–Q3) 25 (20–37)
Reason for injury, n (%)
Traffic accident 15 (63)
Fall 5 (21)
Assault 2 (8)
Other/unknown 2 (8)

Initial GCS, median (Q1–Q3) 5 (3–8)
Intracranial pressure monitoring, n (%)
Intracranial surgery, n (%)

22 (92)
11 (46)

Other injuries, n (%) 19 (79)
Face injuries
Orthopaedic injuries
Thoracic and abdominal injuries
Length of stay in ICU, median (Q1–Q3)

13 (54)
11 (46)
12 (50)
15 (9–19)

Length of stay in ERSICU, median (Q1–Q3)
Days on ventilator, median (Q1–Q3)

19 (12–24)
23 (17–31)

Tracheostomy at discharge, n (%) 1 (4)
GCS at discharge, median (Q1–Q3) 13 (12–14)
Discharged to rehabilitation hospital, n (%) 17 (71)
Assessed days after injury, median (Q1–Q3) 24 (18–34)

ICU: intensive care unit; GCS: Glasgow Coma Scale; ERSICU: Early 
Rehabilitation Section of the ICU: Q1-Q3: 25th–75th percentile.

Fig. 1. Distribution and scores from the 4 raters for each of the 20 items in the Early Functional Abilities scale (n = 31).
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Inter-rater reliability
Kappa values for multiple raters are shown in the last column 
of Table III.

Fig. 2 and Table III present pairwise kappa values for each 
item (6 combinations and the mean value). Table IV presents 
actual cross-ratings from assessments performed by a PT and 
an OT in items with the lowest, median and highest kappa 
values. 

Swallowing had the highest kappa value for multiple raters 
(κ = 0.60), whereas vegetative stability, wakefulness, position 
tolerance and tongue movements/chewing had the lowest (0.31, 
0.28, 0.27 and 0.34, respectively). The other items had overall ka-
ppa values for multiple raters ranging between 0.42 and 0.54.

The items in the sensorimotor functional domain (items 
9–15) had the highest pairwise agreement, with a weighted 
mean kappa range of 0.68–0.76. The vegetative stability, 
wakefulness and position tolerance items in the vegetative 
functional domain had the lowest mean kappa values (0.49, 
0.49 and 0.33, respectively) (Table III). 

Agreement between the OT and PT was good to excellent 
across all 20 items (mean κ = 0.76, range 0.48–0.89), whereas 
the physician and nurse agreed less with one another (mean 
κ = 0.60, range 0.22–0.80) (Fig. 2). 

Table III. Inter-rater reliability among the 4 professionals (weighted pairwise kappa values, mean kappa values of pairwise combinations and overall 
kappa values from multiple raters from 31 assessments)

PT- 
OT

PT- 
MD

OT-  
MD

PT- 
Nurse

OT- 
Nurse

MD- 
Nurse

Pairwise 
mean

Multiple 
raters

1. Vegetative stability 0.65 0.68 0.60 0.39 0.36 0.25 0.49 0.31
2. Wakefulness 0.72 0.39 0.48 0.49 0.49 0.37 0.49 0.28
3. Position tolerance 0.48 0.25 0.20 0.37 0.44 0.22 0.33 0.27
4. Excretion functions (continence) 0.88 0.60 0.58 0.44 0.44 0.62 0.59 0.44
5. Fascio-oral stimulation/oral hygiene 0.73 0.60 0.62 0.71 0.73 0.43 0.64 0.45
6. Swallowing 0.68 0.72 0.83 0.77 0.75 0.77 0.75 0.60
7. Tongue movements/chewing 0.71 0.60 0.58 0.66 0.6 0.67 0.64 0.34
8. Mimic 0.80 0.76 0.69 0.76 0.61 0.66 0.71 0.49
9. Tonus 0.89 0.69 0.76 0.69 0.67 0.61 0.72 0.47

10. Truncus control 0.79 0.74 0.74 0.69 0.64 0.59 0.70 0.48
11. Head control 0.85 0.74 0.75 0.73 0.70 0.78 0.76 0.54
12. Movement changes/transfer 0.80 0.69 0.64 0.70 0.65 0.74 0.70 0.47
13. Standing 0.79 0.73 0.79 0.70 0.59 0.66 0.71 0.54
14. Arbitrary movements 0.79 0.73 0.69 0.62 0.62 0.65 0.68 0.45
15. Mobility in wheelchair 0.78 0.75 0.79 0.69 0.74 0.67 0.74 0.53
16. Tactile information 0.83 0.61 0.56 0.68 0.62 0.6 0.65 0.48
17. Visual information 0.74 0.77 0.68 0.74 0.55 0.69 0.70 0.42
18. Auditive information 0.78 0.75 0.75 0.66 0.62 0.80 0.73 0.51
19. Communication 0.79 0.75 0.76 0.75 0.73 0.79 0.76 0.49
20. Comprehension 0.80 0.66 0.70 0.67 0.76 0.51 0.68 0.50

Overall mean denotes the mean value of all cross-ratings. 
PT: physiotherapist; OT: occupational therapist; MD: physician. 

Table II. Floor and ceiling effects for the 4 raters for each of the 20 items 
in the Early Functional Abilities (EFA) scale (n = 31)

Item
Floor
%

Ceiling
%

1. Vegetative stability 12 15
2. Wakefulness 39 6
3. Position tolerance 3 19
4. Excretion functions (continence) 70 4
5. Fascio-oral stimulation/oral hygiene 1 22
6. Swallowing 14 15
7. Tongue movements/chewing 22 15
8. Mimic 27 7
9. Tonus 7 43

10. Truncus control 5 15
11. Head control 18 30
12. Movement changes/transfer 42 3
13. Standing 35 5
14. Arbitrary movements 5 38
15. Mobility in wheelchair 31 10
16. Tactile information 3 30
17. Visual information 19 15
18. Auditive information 7 26
19. Communication 28 26
20. Comprehension 30 1

Fig. 2. Inter-rater reliability among the 4 professionals (mean kappa values 
from 31 assessments). PT: physiotherapist; OT: occupational therapist; 
MD: physician.
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DISCUSSION

In this study, we found good inter-rater reliability for most 
items in the EFA scale among the raters as a group, and good 
to excellent inter-rater reliability in pairwise combinations. 

The PT and the OT had the highest agreement with one another, 
whereas the physician and nurse agreed less. For some items, we 
found floor and ceiling effects. The results indicate that the scale 
yields reproducible findings across examiners for these items. 

Swallowing was the most reliably scored item among the 
professionals. The clinical importance of the swallowing func-
tion in ERSICU might explain this finding. The interdiscipli-
nary team typically evaluates the swallowing function and the 
need for percutaneous endoscopic gastrostomy (PEG) before 
discharging patients from the ERSICU, and the EFA scale is 
helpful in this process. 

The items in the sensorimotor functional domain had the 
highest pairwise agreement between raters, whereas the items 
in the vegetative functional domain had the lowest agreement. 
The finding that the sensorimotor function was the most reliable 
agrees with another study of the GCS, which found that motor 
response is the most reliably scored item (29). 

The poor agreement of scores of vegetative stability can be 
explained by the fact that the categories overlap (30). In the 
supplementary text, both the need for monitoring and the need 
for sedative or stabilizing medications (e.g. beta-blockers) were 
used in several categories. All patients in the study were being 
weaned from organ support in the ICU, and some patients, 
for example, needed monitoring of peripheral oxygen satura-
tion but did not require sedative medications (e.g. low-dose 
propofol, clonidine or neuroleptics) or stabilizing medication. 
Therefore, the raters had difficulties in knowing which pa-
rameter to take into account during the assessment. This item 
intended to describe sympathetic overactivity (dysautonomia) 
(31) since it included the need for beta-blockers. Dysautonomia 
might be better diagnosed using another scale. For example, it 
may be preferable to measure heart rate changes in response 
to afferent stimuli (31). The position tolerance item had low 
agreement both for multiple raters and in pairwise combina-
tions. We recommend removing the vegetative stability and 
position tolerance items from the EFA scale or, alternatively, 
improving them by adding explanations. 

Floor and ceiling effects
The items with substantial floor effects were excretion func-
tions (continence), movement changes/transfer, wakefulness, 
standing, mobility in wheelchair and comprehension. One 
reason for this finding may be that patients were so early in 
the awakening process that the items reflected their weaning 
from organ support, rather than their neurological statuses. 
In particular, the wakefulness item was affected by the use 
of sedative medications and the excretion functions (con-
tinence) item was affected by the use of a Foley catheter 
to monitor fluid balance. For the EFA scale to be valid in 
patients being weaned from organ support, the removal of 
the wakefulness and excretion function items from the scale 
should be considered. 

Transfers, standing and mobility in wheelchair items were 
not applicable to most patients in the early stages of assess-
ment, and exhibited floor effects. However, these items were 
found to be valuable later in early rehabilitation.

We found substantial ceiling effects for the tonus, arbitrary 
movements, head control and tactile information items. Dur-
ing rehabilitation, the majority of patients will eventually 
exhibit the ceiling effect due to progress in their recovery, 
and other ADL scales (like FIM) should be used instead. We 
did not compare EFA scores with FIM scores, but the clinical 
recommendation to switch to FIM when EFA exceeds 70 point 
appears reasonable. One-third of the assessments in our study 
had an EFA score of over 70 points.

The results show that agreement was higher in some items 
with a floor or ceiling effect. The highest weighted kappa 
values (over 0.80) were found in one item with a floor effect 
(excretion functions) and 3 items with a ceiling effect (tonus, 
head control and tactile information). For the other items with 
a floor or ceiling effect, the weighted kappa values did not 
differ from the other items (Tables II and III). 

Our findings regarding clusters of items with floor or ceil-
ing effects support the hypothesis that the EFA scale to some 

Table IV. Actual cross-ratings from a physiotherapist (PT) and an 
occupational therapist (OT) in items with lowest, median and highest 
kappa values

Patient 
ID

Item 3 (position 
tolerance) with the 
lowest kappa value 
(0.48)  

Item 19 
(communication) 
with the median 
kappa value (0.79) 

Item 9 (tonus)  
with the highest 
kappa value  
(0.89) 

OT PT OT PT OT PT

1 4 3 3 3 5 5
1 5 5 5 5 5 5
2 2 2 2 2 4 4
2 4 5 4 4 5 5
3 2 3 3 3 5 5
4 5 5 4 5 5 5
5 2 3 1 2 2 2
6 5 2 5 5 4 5
6 5 1 5 5 5 5
7 3 3 1 1 2 3
7 4 5 3 3 4 5

11 3 2 4 5 5 5
12 4 3 1 1 3 3
13 4 3 3 3 3 4
14 3 3 3 3 3 4
14 4 4 5 4 5 5
15 5 5 4 4 5 5
17 3 3 1 1 1 1
18 2 5 5 5 5 5
21 2 3 5 4 5 5
22 3 3 1 1 2 2
23 3 3 1 1 2 2
27 3 3 2 1 3 3
29 3 3 1 1 2 2
29 3 3 2 1 2 2
31 2 2 4 5 5 5
32 5 5 4 4 5 5
33 3 3 2 2 3 3
33 3 3 3 4 2 2
34 5 5 4 5 5 5
35 4 4 2 3 3 3
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extent overlaps the coma scales and functional independence 
scales for a few items (12). However, our results confirm the 
need for a method to assess recovery during the gap between 
coma and functional independence. 

Our general clinical experience was that the EFA scale de-
scribed our patients’ functional abilities quite well, with the 
exception of the vegetative functional domain. Most patients 
still needed help in ADL and were unable to take care of 
themselves when discharged from the ERSICU. 

Moderate tramatic brain injury with secondary complications
The EFA scale was originally developed for severe TBI. Our 
study also included patients with moderate TBI who developed 
secondary complications, since their state upon admission to 
ERSICU was quite similar to that of patients with severe TBI. 
Due to the small number of patients in the sample, we cannot 
give any firm recommendation regarding the use of EFA for 
this subgroup of moderate TBI. 

Agreement between professionals
The PT and OT had the highest level of agreement, whereas 
the physician and the nurse agreed less. The interpretation 
of the kappa values between the PT and OT as ranging from 
good to excellent was based on general rules of thumb. The 
actual cross-rating of the items (Table IV) shows that the two 
raters agreed in most tests for all 3 items, except for a few tests 
in the item with the lowest kappa value, position tolerance, 
where they had notable disagreements in several categories. We 
conclude that it is reasonable to label the agreement between 
the PT and the OT as good to excellent.

Two different characteristics of the EFA scale explain the 
results. First, the assessments in the EFA scale are based on 
observations of the patients during the day and not on stimulus–
response tests, in which the rater only scores the response 
observed after performing a stimulus. Our experience was that 
the patients’ functional levels varied during the day due to their 
short attention spans. In addition, it was difficult to interpret 
subtle changes in the patients’ recovery and evaluate whether 
these changes were sufficiently significant to advance from 
one score level to the next. The PT and OT were responsible 
for the therapeutic actions and worked together much of the 
time, and they were familiar with the patients’ functional levels. 
Although the nurses spent the whole day at the bedside, they 
were responsible for observing vital functions and thus had a 
different focus than the therapists. Some nurses only performed 
the ratings once and did not familiarize themselves with the 
scale. The physician was responsible for the rehabilitation 
efforts and neurological progress, but spent less time at the 
bedside than the other raters, observing the patients during 
therapeutic activities during the day. 

Secondly, the scale uses words, such as “placing” and “fa-
cilitation,” that are common in the literature of physiotherapy 
and occupational therapy, but are less common in the literature 
for physicians and nurses. Although the nurse and physician 
agreed less than the PT and the OT, the agreement of the former 
pair was good in most items. During the group discussion after 

the assessment, we received the impression that nurses who 
had some experiences in the EFA scale had a higher level of 
inter-rater agreement than the nurses without experience. We 
think that the scale can be used effectively by all members 
of the rehabilitation team, after careful education in the text 
manual and the terminology used in the EFA scale, and training 
in administration and scoring.

Interdisciplinary teamwork
Four professions work together during early rehabilitation in 
the ERSICU. An aim of interdisciplinary teamwork is to allow 
cross-professional dialogue and create an interdisciplinary plan 
(32). During the assessment, the raters focused their attention 
on the patient’s functional level. They became more aware of 
the patient’s need for specific stimulation in certain areas when 
the patient showed a small degree of improvement. Group 
discussion after the individual assessments of EFA scores was 
helpful in identifying and adjusting short-term goals, such as 
evaluating the swallowing function and the need for PEG. 

The EFA scale helped the team to tailor therapeutic efforts and 
create a common understanding among the different professions 
regarding the patients’ neurological and functional progress and 
further need for brain injury rehabilitation after discharge. How-
ever, the assessments were done very early in the rehabilitation 
process, making it premature to set long-term goals based on 
EFA item scores or sum scores in the ERSICU.

Prediction of outcome
Prognosticating the outcome after TBI is an integral part of TBI 
rehabilitation. It can be used to aid functional goal-setting and 
estimate the resources needed for the rehabilitation effort and 
length of stay. No single set of indicators has been demonstrat-
ed to accurately predict outcomes (33). A reliable clinical scale 
during early recovery after severe and moderate TBI would 
be a valuable tool to evaluate the rehabilitative interventions 
and the patient’s prognosis. For example, an improvement in 
the total EFA score during the stay at the ERSICU might have 
prognostic value, and further studies should investigate this 
possibility. Thus far, the EFA scale needs further improvement 
to be used as a reliable prognostic indicator. 

Study limitations
This study has several limitations. The generalizability of the 
findings is uncertain because the number of raters was small 
for 3 of the 4 professions. The nurses who participated in the 
study did not have experience in rehabilitation, and only a few 
nurses had training in EFA scoring. Our results indicate that 
the raters need training in administration and scoring with the 
EFA scale for their assessments to be reliable.

This study was performed in an ICU setting, and the results 
are not directly generalizable to other rehabilitation hospital 
settings. 

We used a Danish version of the EFA scale. In written texts, 
there are only minor dialectic differences between the Danish 
and Norwegian languages, and Danish texts are commonly used 
in Norway. Therefore, most raters did not consider using the 
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Danish version of the EFA scale to be a problem. However, the 
Danish version of the EFA scale was not validated. During the 
study, we found that the Danish versions of 3 items had slightly 
different meanings from the original German text. 

Another limitation of the EFA scale is that there has been 
only one study examining its validity (12). In the past few 
years, the EFA scale has become integrated in TBI research 
in Denmark (34). In 2007, a validated Danish translation of 
the EFA manual was published (35). There is now an ongoing 
study of the validity of the EFA scale in Hvidovre Hospital 
in Denmark. There are several potential reasons for the lack 
of research on the EFA scale so far: one being the language 
barrier in English-speaking countries, and another might be 
different national strategies in the rehabilitation of severe 
brain injuries. 

In conclusion, the inter-rater reliability of the EFA scale was 
good for most items among all the raters. Some items were 
affected by floor and ceiling effects. The inter-rater reliability 
was good to excellent between the PT and OT, whereas the 
physician and nurse agreed less. All members of the interdis-
ciplinary team can use the scale, but training in administration 
and scoring is necessary to increase the scale’s reliability. 
A reduction in number of items in the vegetative functional 
domain is recommended. The interdisciplinary rehabilitation 
team in this study found the EFA scale to be clinically help-
ful in the rehabilitation process when the patients were being 
weaned from organ support.
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APPENDIX I. Early Functional Abilities (EFA) scale

German text German text translated to English

A. Vegetativum A. Vegetative function
1. Vegetative Stabilität 1. Vegetative stability
2. Wachheit 2. Wakefulness
3. Lagerungstoleranz 3. Position tolerance
4. Ausscheidungsverhalten 4. Excretion functions (continence)

Sum Vegetativum Total Vegetative function score 

B. Fazio-oraler Bereich B. Fascio-oral function
5. FO-Stimulation/Mundhygiene 5. Fascio-oral stimulation/oral hygiene
6. Schlucken 6. Swallowing
7. Zungenbeweglichkeit/Kauen 7. Tongue movements/chewing
8. Mimik 8. Mimic 

Sum Fazio-oraler Bereich Total Fascio-oral function score 

C. Sensomotorik C. Sensorimotor function
9. Tonusanpassung 9. Tonus 
10. Kopfkontrolle 10. Head control
11. Rumpfkontrolle/Sitzen 11. Truncus control/sitting
12. Bewegungsübergänge/Transfer 12. Movement changes/transfer
13. Stehen 13. Standing
14. Willkürmotorik 14. Arbitrary movements
15. Fortbewegung/Mobilität im Rollstuhl 15. Mobility in wheelchair

Sum Sensomotorik Total Sensorimotor function score 

D. Sensorisch-kognitive Fähigkeiten D. Sensoricognitive function
16. Taktile Information 16. Tactile information
17. Visuelle Information 17. Visual information
18. Akustische Information 18. Acoustic information
19. Kommunikation 19. Communication
20. Situationsverstandnis 20. Comprehension

Sum Sensorisch-kognitive Fähigkeiten Total Sensoricognitive function score 

Total sum 
(min. 20, max. 100)

Total score
(min. 20, max. 100)

The 5 EFA 
levels

1 point:
Lack of function,
no function 
observed

2 points:
A trace of function is present but 
unstable, not reproducible and not 
specific or purposeful.
Very reduced

3 points:
Obviously present. 
Stable, specific, 
reproducible and purposeful 
but not subtle. 
Moderately reduced

4 points:
Stable, specific, 
purposeful and 
nuanced.
Lightly reduced

5 points:
Practically full 
functioning
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