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ABSTRACT
Introduction: A consistent approach to pain assessment for patients admitted to intensive care
unit (ICU) is a major difficulty for health practitioners due to some patients’ inability, to express their
pain verbally. This study aimed to assess pain behaviors (PBs) in traumatic brain injury (TBI)
patients at different levels of consciousness.
Methods: This study used a repeated-measure, within-subject design with 35 patients admitted
to an ICU. The data were collected through observations of nociceptive and non-nociceptive
procedures, which were recorded through a 47-item behavior-rating checklist. The analyses were
performed by SPSS ver.13 software.
Results: The most frequently observed PBs during nociceptive procedures were facial
expression levator contractions (65.7%), sudden eye openings (34.3%), frowning (31.4%), lip
changes (31.4%), clear movement of extremities (57.1%), neck stiffness (42.9%), sighing (31.4%),
and moaning (31.4%). The number of PBs exhibited by participants during nociceptive procedures
was significantly higher than those observed before and 15 minutes after the procedures. Also, the
number of exhibited PBs in patients during nociceptive procedures was significantly greater than
that of exhibited PBs during the non-nociceptive procedure. The results showed a significant
difference between different levels of consciousness and also between the numbers of exhibited
PBs in participants with different levels of traumatic brain injury severity.
Conclusion: The present study showed that most of the behaviors that have been observed
during painful stimulation in patients with traumatic brain injury included facial expressions, sudden
eye opening, frowning, lip changes, clear movements of extremities, neck stiffness, and sighing or
moaning.
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Introduction
Physical pain is an unpleasant feeling caused by an actual
or potential tissue damage created by the release of
inflammatory mediators.1 The experience of pain may be
influenced by several factors such as emotional state,
previous experiences, cognitive functioning, and age and
it is generally agreed that the best instrument for
detecting pain and its characteristics is the patients
themselves.2 Complications associated with pain include
increased catabolism time, immune suppression,
increased heart rate, increased oxygen consumption,
blood pressure changes, decreased perfusion rate,
increased sodium retention and urine sugar, and insulin
resistance.3,4 Moreover, stress, depression, anxiety and
delirium are examples of psychological components of
pain.5 The effective assessment and management of pain
is a major public health concern throughout the world
with implications for social, economic, and clinical
contexts.6 Pain is strongly and positively associated with
increased mortality rate and quality of life,5 therefore an
effective pain management may have tangible social and

economic benefits, such as a decrease in time spent in
hospitals, and consequently, reduced healthcare costs.
From a clinical perspective, the American Pain Society
(APS) considers pain to be the fifth vital sign.7 Therefore,
a greater understanding of pain has implications for
improved patient care.
Pain is a commonly reported problem in Intensive Care
Units (ICU)4,8,9 associated with negative experiences of
the patients during hospitalization.10 Researchers have
stated that approximately 50 percent of ICU patients
report moderate to severe pain during routine
procedures,9,11 which may be due to events such as
surgery, trauma or invasive procedures.5 Improving pain
management, not only leads to better patient care and
assessment,4,9 but also to the reduction of analgesics in
ICU.9 Effective assessment of pain can shorten the
duration of mechanical ventilation and reduce the
associated side effects;9,12 however, despite the reported
benefits, the assessment of pain in critically ill adults
remains a daily clinical challenge for most health
professionals working in an ICU.13
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Although an individual patient’s self-reported pain is
the gold standard measure for pain,13 the assessment of
pain through self-report measures in an ICU have
limitations.8,14 A patient’s situation at ICU (e.g., critical
illness, mechanical ventilation, use of analgesics or
sedatives, and level of consciousness) can limit their
ability to communicate5 and the need for emergency
procedures or treatment may overshadow the need to
properly assess patient pain. In an ICU setting, high
levels of pain, may remain uncontrolled due to improper
pain evaluation.8 When self-reported measures of pain
are not possible, observational pain scales are
recommended for clinical use in adults in critical
conditions.13 Using objective measures, such as the
Behavioral Pain Scale (BPS), is a widely practiced
strategy.15,16 Nonverbal expressions such as facial
expressions, body movements, muscle tensions, and
successful adaptation to ventilation 9 are among the
behaviors that doctors consider to be valid indicators of
pain severity.14 These nonverbal expressions may
compliment a patients’ verbal reports of pain.17 A nurse’s
awareness of nonverbal cues related to pain expression
may assist them to make effective decisions regarding
pain control.18
Research has revealed that formal pain assessment is
not routinely conducted on all patients admitted to ICU.
For example, Bucknall et al., reported that pain
assessment was only conducted in 4.4% of cases.19 A lack
of understanding of a patient’s pain may result in a
failure to meet the patient’s needs.20 Moreover, it may
limit the effectiveness of pharmacological and nonpharmacological interventions.21, 22
Very few studies have focused on the assessment of
pain in hospitalized patients in ICU.2,22,23 These studies
have reported the limitations of self-reported assessments
of pain in an ICU setting.8 There is also a lack of
understanding about typical and atypical behaviors
associated with pain,23 making pain assessment a
complex, yet necessary undertaking. The pain
management of hospitalized patients who are unable to
communicate their pain, as is the case with the
unconscious patients, is particularly important. More
accurate ways to assess pain in patients, especially for
those with a Traumatic Brain Injury (TBI), will enable
nurses to improve the quality of care and reduce negative
long-term physiological and psychological consequences
associated with inadequate pain management.24 This
study aimed to assess pain behaviors (PBs) in patients
with a TBI experiencing different levels of consciousness.

Materials and methods
A repeated-measure, within-subject design was used for
the present study. A convenience sampling method was
used to recruit patient admitted to the ICU trauma ward
of the 17 Shahrivar Hospital in Amol, Iran (FebruaryNovember 2016). A total of 35 patients were approached
to participate in the study. The results of performing a
power analysis, using G‐power 3.0.10 software, taking an
effect size of 0.540 (based on a similar study outcome),25 α
= 0.05, power (1‐β) = 0.80 showed that the sample size is
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big enough for the present study. The inclusion criteria
determined that participants needed to 1) be 18 years or
older; 2) have been admitted to the ICU following a TBI, (
at least 24 hours prior with or without other trauma); 3)
be hospitalized for less than one month after a TBI in the
ICU; and 4) have not received sedation or drugs in the
past four hours. Participants were excluded if they had a
Glasgow Coma Scale (GCS) score of three, movement
limitations (e.g. motor paralysis, spinal cord injury, and
nerve block effect), or a history of chronic drug use, head
trauma, a diagnosed psychiatric disorder, or suspected
brain death.
Each patient was regarded as his/her own control
group to be observed during two routine procedures: (1)
Non-invasive blood pressure measurement (known as a
non-nociceptive procedure and providing the control
group); (2) Compression of the medial nail bed during
the GCS examination (known as a nociceptive procedure
and providing the intervention group). The nonnociceptive and nociceptive procedures were chosen,
because they are both routine procedures in the ICU
without any additional cost to the patient and therefore
they do not impose any additional pain on the patient.
The participants were observed for 1 minute before
(baseline), during, and 15 minutes after the two
procedures. Each patient was evaluated six times. The
observations were documented using the behavior
checklist.
The Behavior Checklist included 47 behavior-based
items related to pain. These items were derived from two
validated scales of pain assessment in ICUs.15,25 The
questions were classified into four categories: (1) facial
expressions, (2) body movements, (3) muscle tension or
stiffness, and (4) compliance with the ventilator for
intubated patients, or verbal pain expression for nonintubated patients. The participants were required to
respond with ‘yes’ or ‘no’, indicating whether or not a
particular behavior had been experienced. The
demographic characteristics of all patient participants
were also recorded. The behaviors related to a resting
state and the presence of neutral muscle activity (e.g. a
relaxed face, eyes closed, and absence of body
movement) were considered as “neutral behaviors”.
Conversely, behaviors that could be perceived as a
reaction to a nociceptive procedure (e.g., grimacing or
physically guarding pain site, for instance) were
considered as “pain behaviors”. All the observations
were conducted for a three-hour period from 9 A.M to 12
Midday in order to replicate environmental conditions in
terms of light and sound. The researchers' strategy to
control the confounding factors was to place each patient
as his/her own control.
Level of consciousness was assessed using the GCS,
which divides patients into three categories: 1) nonconscious (GCS ≤ 8); 2) semi-conscious (GCS = 9-12); and
3) conscious (GCS ≥ 13) (23). An adapted GCS was used
for the intubated patients.
Types of head injuries and damages were recorded
according to neurologist reports based on brain CT scans.
To minimize error in patient observations a video
recording was used. Thus, two cameras were used for

Behavioral pain detector in traumatic brain injury
data collection, one placed at the bottom of the bed to
record the patient's body movements, and the other
positioned on the top of the bed focused on the patient's
face. Two trained researchers reviewed the recordings
independently and completed the behavior checklists
immediately after each procedure. Correct positioning of
the cameras was ensured prior to recording. The
completed behavior checklists were compared to assess
agreement and reliability. Cohen's kappa was used to
determine if there was an agreement between the
observers' ratings of patient behavior. The findings
revealed a good level of agreement, K = 0.767. During the
initial observation, the health professionals found that
some camera angles were not suitable to accurately
record more subtle and nuanced behaviors (e.g. the
patient’s face flushing). To solve this problem, the
observers who were present at the patients’ bedsides
were asked to make a note of such physical responses.
Descriptive statistics were used to report the most
frequently observed PBs during the nociceptive
procedure. Shapiro-Wilk tests were conducted to assess
the distribution of data for normality. Then, PBs were
compared across different assessment periods (i.e.,
before, during, and after), different levels of
consciousness (LOC), different levels of TBI severity, and
different TBI locations, using a one-way ANOVA and
Fisher's least significant difference (LSD) with Bonferroni
correction as the post hoc analysis, if the data was
normal. Where the data deviated from the normal
distribution, the Friedman test with Wilcoxon signed
ranks tests as the post hoc analysis was performed. The
analyses were performed using SPSS ver.13 software
(SPSS Inc., Chicago, IL USA). All tests were two-tailed
and a P-value less than 0.05 was considered as
significant.
This study was conducted in accordance with the
conventions of the Helsinki Statement (Association
GAotWM, 2014) and was approved by Mazandaran
University of Medical Sciences Ethics Committee (Code
IR.MAZUMS.REC1396.2934). Hospital, patients and their
families were informed about the study's aims and
procedures and assured that verbal and behavioral
responses would be kept confidential. Blood pressure
measurements using non-invasive procedures and
observations of the patient's level of consciousness was
carried out every two hours. No additional pain was
imposed on the patient. There were no costs associated
with participating in the study.

Results
Table 1 shows the participant’s characteristics. The
participants’ age ranged from 18 to 83 (M=41.49,
SD=51.17). Of these participants, 31 (88.6%) were male
and 4 (11.4%) were female. Road traffic accidents, where
the patient was a passenger in a vehicle, was the main
cause of TBI (n = 17, 48.6%) followed by road traffic
accidents where the patient was a pedestrian (n= 11,
31.4%), and where the patient had experienced a fall (n=
7, 20.0%). Most of the patients had been admitted to
hospital for more than one week. Using Shapiro-Wilk

tests, the distribution of the PB data during a nociceptive
procedure did not deviate significantly from normal
distribution. However, the distribution of the PB data
during a non-nociceptive procedure was not found to be
normally distributed.
Table 1. Participants’ characteristics
Characteristics
Gender
Man
Woman
TBI cause
Fall
Accident (passenger)
Accident (pedestrian)
TBI severity
Mild
Moderate
Sever
Breathing
Mechanical ventilation
Intubated without mechanical ventilation
Not Intubated
Age*

N (%)
31(88.6)
4(11.4)
7(20)
17(48.6)
11(31.4)
12(34.3)
12(34.3)
11(31.4)
16(45.7)
1(2.9)
18(51.4)
41.49 (18.70)

*Mean (SD)

Table 2 reports the results of pairwise comparisons of
PBs observed in participants before, during, and after
non-nociceptive and nociceptive procedures. The results
of performing Friedman tests (χ2(5) = 128.069, P < 0.001)
followed by post hoc analyses, using Wilcoxon signed
ranks tests indicated that the number of PBs exhibited by
participants during a nociceptive procedure was
significantly higher than that before the procedure (Z= 4.871, P<0.001) and 15 minutes after (Z= -4.794, P< 0.001).
However, no significant difference was observed
between the scores before or after the procedure (Z = 0.816, P= 0.414). Moreover, the number of PBs exhibited
by the participants during a non-nociceptive procedure
was significantly higher than that before the procedure
(Z= -4.055, P< 0.001) and 15 minutes after (Z= -4.050, P<
0.001). There was no significant difference between
before and after the non-nociceptive procedure (Z= 0.000,
P = 1.000). The results also showed that the number of
PBs exhibited in patients during the nociceptive
procedure was significantly greater than the number of
PBs exhibited during the non-nociceptive procedure at
95% confidence interval level (Z = -4.870, P < 0.0001). The
PBs most frequently observed during the nociceptive
procedure were facial expressions that included: levator
contraction (65.7%), sudden eye opening (34.3%),
frowning (31.4%), lip changes (31.4%), clear movement of
extremities (57.1%), neck stiffness (42.9%), sighing
(31.4%), and moaning (31.4%).
A one-way between subjects ANOVA was conducted
to compare PBs exhibited by participants with different
LOC. The results, reported in Table 3, showed a
significant difference between the three levels of
consciousness at 95% confidence level, F (2, 32) = 13.139,
P <0.001. The results of a post hoc test, using Fisher's
least significant difference (LSD) with Bonferroni
correction are reported in Table 3. The results revealed
that conscious patients (M=8.36, SD=3.20) exhibited
significantly different PBs than unconscious patients (M
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Table 2. Pairwise comparisons of PBs observed in participants before, during, and after non-nociceptive and
nociceptive procedures (N = 35)
Procedure

Mean (SD)

[1]Before the nociceptive procedure
[2] During the nociceptive procedure
[3] After the nociceptive procedure
[4] Before the non-nociceptive procedure
[5] During the non-nociceptive procedure
[6] After the non-nociceptive procedure

0.20(0.47)
5.74(3.64)
0.14(0.35)
0.11(0.40)
1.45(1.44)
0.11(0.40)

25th
0
4
0
0
0
0

= 2.33, SD= 3.32, P<0.001), and altered patients (M= 5.25,
SD= 1.54, P<0.05). However, this study could not find
any significant differences between unconscious and
altered patients (P=0.071).
The most commonly observed PBs in patients with
mild TBI included clear limb shaking (91.7%), turned
cheek (70%), groaning (66.7%), and rapid eye opening
(58.3%). In patients with moderate TBI, most behaviors
relating to the pain were turn cheek (83.3%), clear limb
shaking (58.3%), groaning (33.3%), limited movement of
limbs (33.3%), and rapid eye opening (33.3%). Although
the number of pain behaviors observed in the group with
severe TBI was less than the previous two groups, the
most frequent of these behaviors included turn cheek
(36.4%), limited movement of limbs (36.4%), frowning
(27.3%) and neck stiffness (27.3%).
Table 3. Number of Pain Behaviors across different levels
of consciousness, TBI severity, and TBI location of the
participants (N = 35)
Variable
LOC
[1] Unconscious
[2] Altered
[3] Conscious
TBI Severity
[1] Mild
[2] Moderate
[3] Sever
TBI Location
[1] Frontal
[2] Temporal
[3] Frontotemporal
[4] Temporoparital

[5] Occipital
[6] Diffused
[7] Parietal
[8] Frontoparital

N (%)

Mean (SD)

9 (25.7)
12 (34.3)
14 (40.0)

2.33 (3.31)
5.25 (1.54)
8.35 (3.20)

12 (34.3)
12 (34.3)
11 (31.4)

8.00 (2.73)
6.00 (3.30)
3.00 (3.22)

11 (31.4)
4 (11.4)
2 (5.7)
5 (14.3)
6 (17.1)
4 (11.4)
1 (2.9)
2 (5.7)

5.36 (4.20)
4.25 (1.50)
7.00 (1.41)
7.60 (3.78)
6.33 (3.72)
6.00 (0.00)
7.50 (3.53)
5.74 (3.64)

Bonferroni adjusted P
F(2, 32) = 13.13, P <0 .01
[1] – [2] (P = 0.07)
[1] – [3] (P < 0.01)
[2] – [3] (P < 0.01)
F(2, 32) = 7.565, P <0 .01
[1] – [2] (P =0 .36)
[1] – [3] (P < 0.01)
[2] – [3] (P = 0.08)
F(7, 27) = 0.58, P = 0.76
n.a.

In order to compare number of PBs exhibited by
participants with different levels of TBI severity, a oneway between subjects ANOVA was performed. The
results are reported in Table 3. As the table demonstrates
it, there was a significant difference between the number
of exhibited PBs in participants with different levels of
TBI severity, F (2, 32) = 7.565, P <0.01. Performing a post
hoc test using LSD with Bonferroni correction indicated
that the patients with severe TBI (M = 3.00, SD = 3.22)
exhibited significantly fewer number of PBs than patients
with mild TBI (M = 8.00, SD = 2.73), P < 0.01. However,
this study could not find any significant differences
between the patients with moderate TBI (M = 6.00, SD =
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Percentiles
50th
0
6
0
0
1
0

75th
0
9
0
0
3
0

P- value
[2] – [1], P <0 .001; [3] – [1] , P = 0.41
[3] – [2] , P <0 .001; [5] – [4] , P < 0.001
[6] – [5] , P < 0.001; [6] – [5] , P = 1.00
[4] – [1] , P = 0.25; [5] – [2] , P < 0.001
[6] – [3] , P = 0.56

3.30) with mild (P =0.369) and severe TBI (P = 0.080) at
.05 level. Moreover, this study through conducting a oneway between subject ANOVA could not find any
significant difference in the number of exhibited PBs
among the patients with different TBI location, F(7, 27) =
0.585, P =0 .762.

Discussion
TBI is a major cause of morbidity and mortality
worldwide, including Iran.26 In patients with brain
injuries, pain is a key concern as it can alter cerebral
perfusion and increase the risk of brain injury.27 This
scenario in an Iranian context reflects similar challenges
that have been reported in other studies.28-30
The aim of this study was to assess the importance of
behavioral pain indicators among patients with TBI who
were admitted to the ICU in Amol, Iran. Patients who are
admitted to ICU often experience pain, with a prevalence
rate as high as 56%.31 This pain can happen with no
intervention or be associated with routine practical care.32
The present study found support for previous research
suggesting that more males suffer from TBI than
females.23,28,33 This could be explained through gender
differences. For example, males may engage in more risktaking behaviors than females.34
The most common cause of TBI in our study was
attributed to motor vehicle accidents. This mechanism of
injury is consistent with those of other studies and
suggests that patients who exposed to high speed
driving, without taking safety precautions such as
helmets or seat belts are at a greater risk of injury
compared to those that adopt safety measures while
commuting in a motor vehicle.30
To provide a suitable pain relief, sedatives and
analgesics are commonly administered; however, these
drugs can cause other clinical manifestations such as
neurological complications.35 It is therefore crucial to
evaluate pain effectively in order to achieve adequate
pain management without jeopardizing neurological
status.31 Pain assessment in TBI patients admitted to ICU
is a challenging task because many of them are not able
to communicate effectively.4 Furthermore, very little
evidence is currently available to guide PBs for TBI
patients in ICU. The results of the present study indicate
that the number of observed PBs during a pain inducing
procedure was significantly greater for patients during
the procedure than before or after the procedure had
occurred. These findings show that painful stimuli can
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cause non-verbal behaviors in TBI patients with varying
levels of consciousness. On the basis of our findings,
most PBs that were frequently observed during the
nociceptive procedure (i.e., pressure on the nail-bed)
were facial expressions, sudden eye opening, frowning,
lip changes, clear movements of extremities, neck
stiffness, sighing and moaning. The results of our study
were in congruence with the findings of previous work.
For example; Davidson et al., found “atypical”
behavioral responses among TBI patients admitted to
ICUs when exposed to nociceptive procedures (i.e.,
turning the patient), such as flushing of the face, sudden
eye opening, frowning, eye weeping, and flexion of
extremities.36 A possible explanation for our results may
be due to the lack of some of the observed PBs, such as
eye weeping and flushing which were not observed in
our study.
In relation to different levels of consciousness, the
results showed that these results were not statistically
significant between patients who were unconscious and
patients with altered levels of consciousness. However,
the results demonstrated that conscious patients showed
significantly different PBs than unconscious patients, and
altered LOC patients. These results are slightly
inconsistent with those of other studies and may suggest
that PBs were documented more often in patients who
were conscious and had altered levels of consciousness.
However, with a small sample size, caution must be
applied, as the findings cannot be generalized to other
populations.
Our current findings are in contrast with those of
Arbour et al., who observed that there are no significant
differences between patients with different severity and
location of TBI. However, Arbour et al., emphasized that
eye weeping had been observed in three TBI patients
with occipital lesion during nociceptive procedures.23 A
possible explanation for this might be due to the different
types of nociceptive exposure applied in different
studies. Eye weeping was not observed in our study.
The results of the current study showed that the
number of observed PBs decreased with as the severity of
TBI increased. So the patients with more severe TBI
showed very few pain-related behaviors. This finding can
be due to the fact that TBI causes loss of consciousness as
well as affecting the patients’ response to pain based on
the severity of brain injury.37,38 The findings of this study
indicate that the varying types of patients` behavioral
responses differed according to the extent of TBI. To our
knowledge, this finding is the first of its kind. However,
previous research investigating patients with severe
brain injuries have found that limited limb movements
can occur following pain due to a general reduction in
muscle power and response due to the loss of calponin,
an essential protein responsible for soft muscle
contraction. Some researchers believe that this protein
may play a role in the loss of muscle response up to four
hours after a TBI.23
A number of caveats need to be noted regarding the
present study. First, eye weeping and flushing of the face
were not observed in our study. This may have reduced

the broader spectrum of PBs that could have been
observed. Secondly, pain is a subjective experience to the
individual. It is also bound to individual tolerance or
threshold, gender, and cultural beliefs. Conscious
patients may have different pain thresholds, especially if
nociceptive stimulus was applied when the patient was
aware of the stimulus. A final limitation is regarding the
accuracy of the results for female participants. Females in
Muslim countries, such as Iran, may have their hair and
neck covered. This could have contributed to inaccurate
observations of muscle stiffness among female patients.

Conclusion
Prior studies have noted the importance of effective pain
assessment and understanding the complex issues that
can arise for TBI adult patients in ICU. According to the
findings, most behaviors observed during painful
stimulus in patients with TBI included facial expressions,
sudden eye opening, frowning, lip changes, clear
movements of extremities, neck stiffness, and sighing or
moaning. The findings of this study have implications for
medical professionals in providing improved quality of
care for their patients.
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