
Introduction

In the management of patients with multiple rib fractures, 
effective pain treatment, pulmonary physiotherapy and re-
spiratory care are essential components (1, 2). Pain due to 
multiple rib fractures may complicate the pulmonary dam-
age caused after the trauma. The lack of enough and deep 
breathing, caused by pain, makes the patients’ mobilisation 
difficult and reduces the effectiveness of pulmonary physio-
therapy (1, 3).

In the management of pain due to multiple rib fractures, 
intercostal blockage and parenteral administration of sys-
temic opioids are among the most commonly applied proce-
dures (4). The opioids used for this purpose can be adminis-
tered in many different ways and dose intervals (3). The ways 
in which opioids are administered are mainly intramuscular, 
intravenously, patient controlled analgesia and thoracic epi-
dural.

Our aim is to observe the effectiveness of the fentanyl 
transdermal therapeutic system (TTS) in the management of 
pain secondary to multiple rib fractures.

Material and Methods

Ethical approval was obtained from Afyon Kocatepe Uni-
versity Ethical Committee on the 18th February 2009, with the 
number 2-9, was obtained to perform the study. Our study 
was a prospective and randomised study. Randomisation was 
performed using a ‘Random Number Table’. We included pa-
tients with three or more rib fractures in our study. The pa-
tients’ demographics, the trauma patterns, analgesic adminis-
tration methods, pain and sedation scores and complications 
were evaluated. The patients’ age, sex, trauma characteristics 
and pathologies accompanying rib fracture, the number of rib 
fractures, the presence of haemothorax and pneumothorax, 
and the necessity of chest tube was recorded. Visual Ana-
logue Scale (VAS) was used for scoring pain. The effective-
ness of the study was evaluated by scoring VAS during lying 
down (VASl) and VAS during mobilisation (VASm). VASl was 
scored before the treatment and on the 1st, 2nd, 3rd, 4th and 
5th days after the treatment. VASm was scored on the 1st, 2nd, 
3rd, 4th and 5th days after the treatment. The sedation due to 
opioids was monitored by Ramsey’s sedation scale (RSS) and 
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ABSTRACT
Background: The most commonly observed pathology in chest traumas is rib fracture, and the most important clinical symptom is severe pain.

Aims: To investigate the effectiveness of intramuscular opioid (IMO), intravenous patient-controlled analgesia (IVPCA) and the Fentanyl transdermal 
therapeutic system (TTS) in the management of rib fracture pain.

Study Design: Prospective randomized clinical trial.

Methods: In our prospective and randomised study, we included 45 patients with a diagnosis of multiple rib fractures. There were three groups and 
intercostal nerve blockage (ICB) in the first day and oral paracetamol for five days was administered to each group as standard. In Group IMO (n=15), 
4x40 mg pethidine HCl was administered to the patients, while in Group IVPCA (n=15) this was 5 µg/mL continuous intravenous fentanyl and was 50 µg 
fentanyl TTS in Group TTS (n=15). The demographics, injury data and vital signs of the patients were recorded. Pain was scored using Visual Analogue 
Scale (VAS). The pain during lying down (VASl) and mobilisation (VASm) was detected.

Results: There were no differences between the three groups regarding age, sex, the trauma pattern, the number and distribution of costal fracture 
localisations, the presence of additional pathology, complications, thoracal catheter and the duration of thoracal catheter. No significant difference 
between the groups regarding systolic and diastolic arterial tension, number of breaths and beats in a minute was observed (p>0.05). We observed 
an improvement in the mean VAS score after treatment in all three groups. The mean VASl score significantly decreased after treatment in each group 
(p<0.05). The mean VASl and VASm scores measured on the 1st, 2nd, 3rd, 4th and 5th days were found to be higher in Group IMO than in Groups IVPCA and 
TTS; however, these differences were not statistically significant (p>0.05).

Conclusion: In the analgesia of patients with multiple rib fractures, TTS administration with ICB showed similar effectiveness with IVPCA administration 
with ICB. In the management of pain due to multiple rib fractures, TTS administration is a safe, non-invasive and effective procedure.
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arterial blood gas analysis. The patients’ number of breaths, 
pulse, arterial tension and O2Sat values were recorded. The 
study was ended on the 5th day of the treatment.

The patients were divided into three groups regarding the 
method used for the administration of narcotic treatment. In 
Group intramuscular opioid (IMO) (n=15), 4x40 mg/day of in-
tramuscular pethidine HCl was administered to the patients. In 
Group intravenous patient-controlled analgesia (IVPCA) (n=15), 
5µg/mL fentanyl was prepared in isotonic solution and admin-
istered using an IVPCA device (Model 6300 ambulatory infu-
sion pump Smiths Medical, MD, USA). The IVPCA device was 
programmed to have a 5 mL bolus dose, a 20 minute locked 
period (basal infusion 4 mL/hr) and a 10 mL loading dose. In 
Group Fentanyl transdermal therapeutic system (TTS) (n=15), 
50 µg transdermal fentanyl was administered plastering to the 
shoulder or upper arm. VAS was scored for all patients before 
the treatment and on the first day on which intercostal nerve 
blockage (ICB) was performed. In the course of ICB, 20 cc bu-
pivacaine HCl was combined with 20 cc isotonic solution and 
2 cc of this combination was applied to the intercostal level of 
each fractured costa. 4x500 mg/daily paracetamol was admin-
istered orally to all patients for five days.

Statistical Analysis
SPSS for Windows 13.0 (SPSS, Chicago, IL, USA) was used 

for statistical analysis. Sample size was determined prospec-
tively using data from a previous study (Transcutaneous elec-
tric Nerve Stimulation for the treatment of post-thoracotomy 
pain: Randomised prospective study) in our institution. Power 
analysis indicated that 17 patients per group were required to 

detect the efficacy of TTS on VAS score (∝=0.05, β=0.2). One-
Way ANOVA test was used to compare intergroup paramet-
ric values. We used the Tukey test to compare double group 
parametric values. Post hoc tests of repeated measures ANO-
VA design was used for the comparison of repeated measure-
ments. We used the Chi-square test to compare the presence 
of complications and thoracal catheter, the need for intensive 
care and trauma patterns. Results were accepted statistically 
significant if p<0.05.

Results

The patients’ demographics and data regarding the injury 
secondary to the trauma are depicted in Table 1. There were 
no differences between the three groups with respect to age, 
sex, the number of rib fractures, the presence of pulmonary 
contusion, pneumothorax and haemothorax, the percentage 
of the presence of chest tube and accompanying additional 
pathologies (Table1) (p>0.05).

We observed no significant difference between the groups 
regarding systolic and diastolic tension arterial, number of 
breaths and pulse in one minute, measured before the treat-
ment and on the 1st, 2nd, 3rd, 4th and 5th days after the treatment 
(Figures 1 and 2) (p>0.05).

No significant difference was observed with respect to 
the mean VASl scores before the treatment (Figure 3). The 
mean VASl scores decreased significantly after the treatment 
in each group (p<0.05). The mean VASl scores measured on 
the 1st, 2nd, 3rd, 4th and 5th days after the treatment were found 
to be higher in Group IMO compared to the Groups IVPCA 

Figure 1. The mean values of systolic and diastolic arterial tension. No significant differences between the groups regar-
ding systolic and diastolic tension arterial measured before the treatment and on the 1st, 2nd, 3rd, 4th and 5th days after the 
treatment were observed (p>0.05). IMO: Intramuscular opioid; IVPCA: Intravenous patient-controlled analgesia; TTS: Transdermal 
therapeutic system
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and TTS. However, these differences were not statistically 
significant (p>0.05). The mean VASl score decreased by less 
than 3 on the 4th day in the Group IMO, on the 2nd day in the 
Group IVPCA and on the 1st day in the Group TTS. The mean 
VASl score decreased by less than 3 in the Group TTS at the 
earliest time point after treatment compared to the other 
groups.

The mean VASm scores measured on the 1st, 2nd, 3rd, 4th 
and 5th days after the treatment were found to be significant-
ly higher in the Group IMO than the other groups (p<0.05). 
However, there were no significant differences between the 

Groups IVPCA and TTS in respect to the mean VASm scores 
(p>0.05). It was observed that the mean VASm scores de-
creased by fewer than 3 on the 4th day in the Group IVPCA 
and on the 3rd day in the Group TTS. The mean VASm score 
decreased by fewer than 3 at the earliest time point after the 
treatment compared to the other groups (Figure 3).

There were no significant differences between the groups 
in respect to the mean Ramsey’s sedation scores (p>0.05).

We observed no significant difference between the groups 
in respect to the mean PaO2 values measured in blood gas 
analysis before the treatment (p>0.05). The mean PaO2 values 
measured on the 1st, 2nd, 3rd, 4th and 5th days after the treat-
ment were significantly higher in the Group IVPCA compared 
to the other groups (p<0.05) (Figure 4).

There were no significant differences between the groups 
regarding the mean O2sat, pH and PCO2 values on the 1st, 2nd, 
3rd, 4th and 5th days after the treatment (p>0.05).

In the Group TTS, one patient had a headache, but it was 
not so severe and continuous that would require the cessation 
of treatment.

Discussion

The most confronted pathologies in thorax traumas are 
multiple rib fractures and pulmonary contusion; frequently, 
these are observed together. Pain due to rib fracture has a 
negative influence on respiratory physiology. Deep breathing, 
coughing and respiratory physiotherapy cannot be performed 
without effective analgesia. In this patient population, pulmo-
nary contusion often accompanies rib fractures and dyspnoea 
develops more quickly (1-3). The effective treatment of pain 
will improve the patient’s respiratory mechanics. Therefore, 
the patient will be able to perform respiratory physiotherapy 

Parameters Group IMO (n=15) Group PCA (n=15) Group TTS (n=15) p

Mean Age (yrs) 51.5±11.3 43.8±10.9 49.7±13.5 0.09

Sex Ratio (male/female) 7/8 11/4 9/6 0.32

Trauma pattern    0.11

Inside the vehicle 5 7 5

Outside the vehicle 6 4 4

Fall off 4 4 6

Fractured ribs (n) 5±1 5±2 5±2 0.22

Patients with flychest (n) 1 1 2 0.40

Other fractured bones (n) 2 3 4 0.07

Patients with pulmonary contusion (n) 9 5 4 0.06

Patients with pneumothorax (n) 3 4 4 0.27

Patients with haemothorax (n) 3 4 3 0.22

Patients with chest tube (n) 6 8 7 0.37

Duration of chest tube (days) 1.6±2.1 1.2±2.2 1.0±2.2 0.32

Patients stayed in intensive care (n) 1 2 2 0.13

IMO: Intramuscular opioid; IVPCA: Intravenous patient-controlled analgesia; TTS: Transdermal therapeutic system

Table 1. Demographic and injury data

Figure 2. The mean number of breaths per minute. No 
significant differences between the groups regarding the 
mean number of breaths per minute before the treatment 
and on the 1st, 2nd, 3rd, 4th and 5th days after the treatment 
were observed (p>0.05). IMO: Intramuscular opioid; IVPCA: 
Intravenous patient-controlled analgesia; TTS: Transdermal thera-
peutic system
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more comfortably and, as a result, the early mobilisation of 
the patient will prevent pulmonary complications (5-7). In 
this study, the effectiveness of the opioid administration us-
ing TTS, IVPCA and parenteral (IM) methods was compared 
in patients with multiple rib fractures. We observed that TTS 
administration provided equal pain management in this pa-
tient population.

In the management of pain due to multiple rib fractures, 
intercostal blockage and the administration of opioids are 
among the most frequently applied procedures (4, 8). The 
most common way in which the opioids are used is the par-
enteral method. It is essential to regulate opioid blood level 
for optimal pain management. The dose should be adjusted 

in order to not depress respiration and to not cause sedation, 
but to suppress pain by its systemic effect. The PCA device is 
one of the most frequently applied procedures that is able to 
provide these effects. By PCA device, it is possible to adminis-
ter opioids safely in minimal doses and via continuous or inter-
mittent intravenous mechanisms (1, 3, 4). PCA using opioids is 
one of the most common methods of providing postoperative 
analgesia for the treatment of acute pain (9, 10). The most 
significant risk when using PCA pumps is accidental overmed-
ication leading to narcotic-induced respiratory depression. 
Furthermore, the PCA system requires a pump, line, tubing, 
power cables, and a pole. These are not only time consuming 
to set up and maintain, but may also reduce patient mobil-
ity and interfere with physical therapy (9, 11). In our study, 
we wanted to compare IVPCA method, of which the efficacy 
is obvious, with the TTS method, which is widespread in the 
management of different types of pain.

Systemic opioids are commonly used and are often the 
first-line management for relieving pain resulting from multiple 
rib fracture (3). However, many authors have reported that the 
efficacy of opioids in relieving pain is changeable because of 
respiratory depression risk and the difficulty of dose adjust-
ment (1-4). Nevertheless, it is reported that the effective pain 
management can be performed when systemic opioids and 
locoregional nerve blockage methods are combined together 
(3, 4). In our study, we determined the fractured ribs’ levels 
and performed intercostal nerve blockage before opioid treat-
ment. Intercostal nerve blockage provides highly effective an-
algesia lasting for 8-24 hours (3, 4); it can be administered to all 
fractured ribs except the first ribs. However, the requirement 
of multiple injections causes discomfort for the patients (3, 4). 
In our study, ICB was performed to the patients immediately 
after the diagnosis in the emergency service. Thus, the pa-
tient’s pain could be minimised. Also, effective pain treatment 
could be achieved during the window period until IVPCA was 
prepared and administered and until the effect of TTS fentanyl 

Figure 3. The mean VAS scores. The mean VASl score significantly decreased after the treatment in each group (p< 0.05). 
The mean VASl and VASm scores measured on the 1st, 2nd, 3rd, 4th and 5th days were found to be higher in Group IMO than 
in Groups IVCPA and TTS. However, these differences were not statistically significant (p>0.05). VAS: Visual Analogue Scale; 
VASl: The pain during lying down; VASm: The pain during mobilisation; IMO: Intramuscular opioid; IVPCA: Intravenous patient-controlled 
analgesia; TTS: Transdermal therapeutic system
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Figure 4. The mean PaO2 values. No significant differences 
between the groups in respect to the mean PaO2 values 
measured in blood gas analysis before the treatment were 
observed (p>0.05). The mean PaO2 values measured on the 
1st, 2nd, 3rd, 4th and 5th days after the treatment were signi-
ficantly higher in the Group IVPCA compared to the other 
groups (p<0.05) IMO: Intramuscular opioid; IVPCA: Intraveno-
us patient-controlled analgesia; TTS: Transdermal therapeutic 
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had started. Repetition of ICB was not required during IVPCA 
and TTS administration.

The most severe adverse effect of TTS is hypoventilation. 
The other adverse effects of TTS are nausea, vomiting, consti-
pation, hypotension, bradycardia, dizziness, headache, confu-
sion, hallucination, euphoria, itching, sweating and difficulty in 
urinating. Adverse effects related to the skin such as erythema 
and severe itching can be observed. Those effects generally 
disappear within 24 hours after the transdermal plaster is re-
moved.

It is reported that TTS adverse effects are observed at 
doses of 60 µg and over for the management of acute pain. 
An effective and safe dose interval is reported to be between 
40 and 60 µg (3,12). In our study, TTS was administered at the 
dose of 50 µg. One of our patients had nausea; however, this 
complaint was not as severe as to require quitting the treat-
ment. We observed that TTS provided an advantage for the 
mobilisation of our patients.

TTS, as a non-invasive opioid administration technique, 
has advantages for both the patient and the nurse. The ad-
ministration of ICB combined with TTS provided similar effi-
cacy as the administration of ICB combined with IVPCA in the 
analgesia of our patients with multiple rib fractures. TTS is a 
safe, non-invasive and effective method in the treatment of 
pain secondary to multiple rib fractures.
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