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ABSTRACT

Background

Rib fractures are among the most common injuries in thoracic trauma and are frequently
associated with severe pain that impairs respiratory mechanics. Inadequate pain control can
lead to complications such as atelectasis, pneumonia, and respiratory failure. Traditional
management often relies on systemic intravenous (1V) analgesics, particularly opioids, which
may produce undesirable side effects, including respiratory depression and sedation. Regional
anaesthesia techniques, such as the SAPB (Serratus Anterior Plane Block), have recently
emerged as promising alternatives for chest wall analgesia. SAPB targets the lateral
cutaneous branches of the intercostal nerves and may provide effective pain relief with fewer
systemic adverse effects. This study aims to compare the efficacy of SAPB with conventional
intravenous analgesia in patients with rib fractures.

Methods

This comparative clinical study was conducted on patients presenting with rib fractures due
to blunt chest trauma. Participants were divided into two groups: one group received
ultrasound-guided Serratus Anterior Plane Block using a local anaesthetic, while the other
group received conventional intravenous analgesia. Pain intensity was assessed using
standardized pain scoring systems such as the VAS (Visual Analog Scale) at predetermined
intervals. Additional parameters evaluated included respiratory function, opioid consumption,
hemodynamic stability, and incidence of complications. Patient demographics, number of rib
fractures, and clinical outcomes were also recorded and analyzed.

Results

Patients who received the SAPB demonstrated significantly lower pain scores compared to
those receiving intravenous analgesia. The SAPB group showed improved respiratory
parameters and better tolerance for deep breathing and coughing. Additionally, patients in
this group required reduced supplemental opioid analgesia and experienced fewer opioid-
related side effects. Overall patient comfort and clinical recovery were better in the SAPB
group compared to the IV analgesia group.
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Conclusion

SAPB is an effective and safe regional anaesthesia technique for managing pain in patients
with rib fractures. It provides superior analgesia, improves respiratory function, and reduces
opioid requirements compared with conventional intravenous analgesia. Incorporating SAPB
into the management protocol for rib fracture patients may improve clinical outcomes and
reduce complications associated with inadequate pain control.

Keywords: Rib Fractures, Serratus Anterior Plane Block, Intravenous Analgesia, Chest
Trauma, Regional Anaesthesia, Pain Management.

INTRODUCTION

Rib fractures are among the most common injuries encountered in thoracic trauma,
accounting for approximately 10% of all trauma admissions and occurring in up to 39% of
patients with blunt chest trauma.l*l These injuries may range from isolated fractures in
healthy individuals to multiple complex fractures in elderly patients with comorbidities.
Common causes include motor vehicle accidents, falls, direct chest trauma, and crush
injuries.”l With increasing life expectancy, rib fractures are more frequently observed in
elderly patients due to osteoporosis and increased susceptibility to trauma.

The clinical significance of rib fractures extends beyond skeletal injury, as they can
severely affect respiratory mechanics. Pain from rib fractures often causes patients to limit
chest wall movement, leading to shallow breathing, ineffective coughing, and impaired
clearance of respiratory secretions.®] This can result in complications such as atelectasis,
pneumonia, and respiratory failure. Studies have shown that poorly controlled pain
significantly increases pulmonary complications, with pneumonia rates ranging from 20 to
30% in patients with multiple rib fractures.'*! Furthermore, the presence of three or more
fractured ribs has been identified as an independent risk factor for mortality, with each
additional fracture increasing the risk of pneumonia and death.?!

Effective pain management is therefore essential in the treatment of rib fracture
patients. Traditionally, systemic analgesics such as non-steroidal anti-inflammatory drugs and
opioids have been widely used, with intravenous opioid analgesia being a common approach
due to its rapid onset and titratability. However, opioid use is associated with adverse effects,
including respiratory depression, sedation, nausea, and constipation, particularly in elderly or
critically ill patients.®

Regional anaesthesia techniques have been increasingly utilized to provide effective
analgesia while minimizing systemic side effects. Thoracic epidural analgesia has been
considered the gold standard for severe rib fracture pain although it carries risks such as
hypotension and neurological complications. Alternative regional techniques, including
paravertebral and intercostal nerve blocks, have also been used with varying success.

The SAPB, first described by Blanco et al. in 2013, involves deposition of local
anaesthetic in the fascial plane around the serratus anterior muscle to block the lateral
cutaneous branches of the intercostal nerves.[] This ultrasound-guided technique is relatively
simple, safe, and associated with fewer complications compared to neuraxial blocks.!
Studies have shown that SAPB provides effective analgesia for various chest wall procedures
and reduces opioid consumption.l®! However, limited comparative data exist regarding its
effectiveness in traumatic rib fractures compared with conventional intravenous analgesia.™*”!

AIMS AND OBJECTIVES
The study aimed to compare the efficacy of the serratus anterior plane block with
conventional intravenous analgesia in patients with anterolateral rib fractures. The primary
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objective is to evaluate and compare the pain relief provided by both methods using the NRS
(Numeric Rating Scale). The secondary objective is to assess and compare the incidence of
complications associated with each analgesic technique, including nausea, vomiting,
respiratory depression, and the length of hospital stay.

MATERIALS AND METHODS

Study Design

This was a prospective comparative observational study conducted among patients with
anterolateral rib fractures. The study population included patients admitted to the
Departments of General Surgery and Orthopaedics at Karnataka Institute of Medical Sciences
(KIMS), Hubballi. The study was carried out over a period of 18 months after obtaining
approval from the Institutional Ethical Committee. During this period, eligible patients were
evaluated and managed using either a serratus anterior plane block or conventional
intravenous analgesia, and their outcomes were observed and compared according to the
study protocol.

Inclusion and Exclusion Criteria

The study included patients aged 18 years and above who were admitted with anterolateral
rib fractures, including those with flail chest and polytrauma associated with rib fractures, at
Karnataka Institute of Medical Sciences (KIMS), Hubballi, during the study period. Patients
who were mechanically ventilated or sedated, those with posterior rib fractures, and patients
with mental illness were excluded from the study.

Sample Size Calculation
The sample size was calculated based on the prevalence of rib fractures reported as 77.36% in
a retrospective study on chest trauma prevalence at an apex institute in North India. Using the
formula N = Z2(1-0/2) x p x q / d?, where Z = 1.96 at 95% confidence interval, p = 77.36%, q
= 22.64%, and d (error) = 10%, the calculated sample size was 68 patients. Therefore, a total
of 68 patients were enrolled in the study and were randomly allocated into two groups of 34
patients each using computer-generated random numbers to ensure unbiased group allocation.
Study subjects were divided into two groups through randomization. Group A
consisted of 34 patients who received a serratus anterior plane block for pain management,
while Group B comprised 34 patients who received conventional intravenous analgesia with
fentanyl. The randomization sequence was generated using a computer-based random number
generator, and allocation concealment was maintained using sequentially numbered sealed
opaque envelopes.

Data Collection Procedure

This prospective comparative observational study was conducted at the Karnataka Institute of
Medical Sciences (KIMS), Hubballi, in the Departments of General Surgery and Orthopedics
from March 2024 to March 2026 after obtaining approval from the Institutional Ethics
Committee and written informed consent from all participants. Patients aged 18 years and
above with anterolateral rib fractures, including cases of flail chest and polytrauma, were
consecutively enrolled, while mechanically ventilated, sedated, posterior rib fracture, and
demented patients were excluded. Baseline demographic and clinical details including age,
sex, mechanism of injury, vital parameters, number and site of fractured ribs, and relevant
investigations were recorded using a structured proforma. Patients were divided into two
groups: Group A received ultrasound-guided serratus anterior plane block administered by an
experienced anesthesiologist with catheter placement for local anesthetic administration,
while Group B received conventional intravenous analgesia with paracetamol according to
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standard dosing protocols. All patients also received multimodal analgesia and rescue
analgesia when required. Pain assessment was performed using the NRS (Numeric Rating
Scale) at baseline, 30 minutes after intervention, and at regular intervals up to 18 hours, both
at rest and during coughing. Patients were also monitored for complications such as nausea,
vomiting, respiratory depression, and block-related complications, and the length of hospital
stay was recorded. Respiratory physiotherapy and early mobilization were encouraged once
adequate pain control was achieved.

Statistical Analysis

All collected data were entered into Microsoft Excel and analyzed using SPSS version 22 and
Epi Info software. Categorical variables such as sex and complications were expressed as
frequencies and percentages and analyzed using the chi-square test or Fisher’s exact test
where appropriate. Continuous variables, including age, pain scores, number of fractured ribs,
and length of hospital stay, were expressed as mean + standard deviation or median with
interquartile range depending on data distribution. The normality of continuous data was
assessed using the Kolmogorov-Smirnov or Shapiro-Wilk test. An independent t-test was
used for comparison of normally distributed continuous variables between groups, while the
Mann-Whitney U test was applied for non-normally distributed data. Pain scores measured at
different time intervals were compared using repeated measures analysis. A p-value of less
than 0.05 was considered statistically significant.

RESULTS
Gender | Group A (IV Analgesia) | % |Group S (SAPB)| % | Total | p-value
Male 53 100 49 92.45 | 102
Female 0 0 4 7.55 4
Total 53 100 53 100 | 106 | 0.041*

Table 1: Distribution of Patients According to Gender

Table 1 illustrates the gender distribution of patients in both groups. The majority of
patients were males in both groups, reflecting the higher incidence of traumatic rib fractures
among males. The difference between groups was statistically significant (p<0.05).

Age Group Group A % Group S % Total
<30 years 10 18.87 9 16.98 19
31-40 years 16 30.19 15 28.30 31
41-50 years 13 24.53 14 26.42 27
51-60 years 9 16.98 5 9.43 14
>61 years 5 9.43 10 18.87 15
Total 53 100 53 100 106
Table 2: Distribution of Patients According to Age Group
Mean Age: Group A =43.06 £13.14, Group S =45.13 £15.54

Table 2 shows the age distribution of patients. Most patients belonged to the 31-40-
year-old age group in both groups. The mean age was comparable between groups with no
significant difference, indicating demographic similarity.

Side Group A % Group S % Total p-value
Right 28 52.83 23 43.40 51
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Left 20 37.74 28 52.83 48
Bilateral 5 9.43 2 3.77 7
Total 53 100 53 100 106 0.211

Table 3: Distribution According to Side of Rib Fracture
Table 3 observes the side of rib fractures among the study population. Right-sided
fractures were slightly more common in Group A, whereas left-sided fractures were more
common in Group S. However, the difference was not statistically significant.

Mode of Injury Group A % Group S % Total
Blunt Trauma 38 71.70 35 66.04 73
RTA 14 26.42 15 28.30 29
Fall from Height 1 1.89 0 0 1
Bull Gore 0 0 2 3.77 2
Penetrating Injury 0 0 1 1.89 1
Total 53 100 53 100 106

Table 4. Mode of Injury

Table 4 illustrates the mechanism of injury leading to rib fractures. Blunt trauma and
road traffic accidents were the most common causes in both groups, with similar distribution
between groups.

Additional Analgesia Group A % Group S % | Total | p-value
No 28 52.83 42 79.25 | 70
Yes 25 47.17 11 20.75 | 36
Total 53 100 53 100 | 106 | 0.004*

Table 5: Need for Additional Analgesia

Table 5 demonstrates the requirement of additional analgesia. A significantly higher
proportion of patients in Group A required supplementary analgesia, whereas most patients in
Group S did not require additional analgesia, indicating better pain control with the serratus
anterior plane block.

Parameter Group A Group S
Mean Pain Score 7.15+0.74 5.43+0.75

p-value
0.0001*

Table 6: Pain Score Comparison between Groups

Table 6 compares the mean pain scores between the two groups. Patients receiving a
serratus anterior plane block experienced significantly lower pain scores compared to those
receiving intravenous analgesia.

Parameter Group A Group S p-value
Mean Hospital Stay (days) 8.11+2.74 7.72 +3.25 0.499
Oxygen Requirement (%) 50.94 4151 0.330
Breakthrough Analgesia (%) 39.62 20.75 0.040*

Table 7: Comparison of Clinical Outcomes

Table 7 observes the clinical outcomes between the two groups. Patients in the
serratus block group showed a lower requirement for breakthrough analgesia and oxygen
therapy, although the length of hospital stay was similar between the two groups.
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DISCUSSION

Effective pain management in patients with rib fractures is essential to prevent respiratory
complications and improve clinical outcomes. Severe chest wall pain leads to shallow
breathing, ineffective coughing, and decreased lung expansion, predisposing patients to
atelectasis, pneumonia, and respiratory failure. Several analgesic techniques have been
described for rib fracture management, including thoracic epidural analgesia, thoracic
paravertebral block, intercostal nerve blocks, and more recently, fascial plane blocks such as
the SAPB. The present study compared ultrasound-guided SAPB with conventional
intravenous analgesia in patients with rib fractures and demonstrated significant advantages
of the regional anaesthesia technique.

A total of 106 patients were included in the present study, with 53 patients in each
group. The demographic characteristics of both groups were comparable. The mean age was
43.06 years in the conventional analgesia group and 45.13 years in the SAPB group. The
majority of injuries occurred due to blunt trauma and road traffic accidents, which is
consistent with the trauma patterns reported in previous studies. Similar epidemiological
trends of rib fractures due to blunt trauma and vehicular accidents have been described in
studies by Sadauskas et al. and Diwan and Nair.[*%12

The present study demonstrated significantly better pain control in patients receiving
SAPB compared with those receiving conventional intravenous analgesia. Baseline pain
scores at rest and during coughing were comparable between the two groups, confirming
similar pain severity at presentation. Following intervention, patients in the SAPB group
showed a significantly greater reduction in pain scores. Pain reduction at rest was 2.36 points
in the SAPB group compared with 0.98 points in the intravenous analgesia group. Similarly,
pain reduction during coughing was 3.28 points in the SAPB group compared with 1.08
points in the conventional analgesia group. The overall mean pain score was also
significantly lower in the SAPB group, demonstrating superior analgesic efficacy of SAPB.

These findings are consistent with those reported by Diwan and Nair, who conducted
a retrospective cohort study comparing SAPB with intravenous fentanyl infusion in patients
with multiple rib fractures.'? Their study demonstrated significantly lower opioid
requirements and improved pain control in patients receiving SAPB. Similarly, Sadauskas et
al. reported a significantly greater reduction in pain scores in patients treated with SAPB
compared with multimodal systemic analgesia.[*!

Another important finding of the present study was the opioid-sparing effect of
SAPB. A significantly lower proportion of patients in the SAPB group required additional
analgesic patches or patient-controlled analgesia compared with the intravenous analgesia
group. Furthermore, the need for breakthrough tramadol analgesia was also significantly
lower in the SAPB group. These results are comparable to the findings of Diwan and Nair,
who reported an 87% reduction in opioid consumption in patients receiving SAPB compared
with systemic analgesia. Likewise, Sadauskas et al. observed that none of the patients
receiving SAPB required additional opioid analgesia during the observation period.[**12

In addition to improved pain control, the present study also demonstrated significant
improvements in respiratory parameters among patients receiving SAPB. Oxygen saturation
improved significantly more in the SAPB group compared with the intravenous analgesia
group, and respiratory rate decreased more effectively following SAPB. Improved respiratory
mechanics following SAPB have also been reported in previous studies. Sadauskas et al.
observed improved incentive spirometry volumes in patients treated with SAPB, indicating
enhanced respiratory effort and lung expansion.!*! Similarly, Zengin et al. reported improved
oxygen saturation levels in patients receiving SAPB compared with other regional
techniques.[*®
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Another important advantage of SAPB is its favourable safety profile. In the present
study, no procedure-related complications were observed. This finding is consistent with
previous reports. Studies by Sadauskas et al., Diwan and Nair., Zengin et al., Paul et al.,
Bhalla et al., and have also reported excellent safety outcomes with SAPB without major
complications such as pneumothorax, vascular injury, or local anaesthetic systemic
toxicity.l***% The safety of SAPB is largely attributed to its superficial anatomical location
and the use of ultrasound guidance, which allows accurate visualization of anatomical
structures and safe needle placement.

Compared with other regional anaesthesia techniques, SAPB also offers several
practical advantages. Traditional neuraxial techniques such as thoracic epidural analgesia and
paravertebral blocks require technically demanding procedures and specific patient
positioning. In contrast, SAPB can be performed easily in the supine position, which is
particularly advantageous in trauma patients who may have spinal injuries or hemodynamic
instability. Bhalla et al. reported that SAPB provided analgesic efficacy comparable to
epidural or paravertebral techniques while being technically easier and safer to perform.[*°!

Furthermore, Zengin et al. compared SAPB with intercostal nerve blocks and
observed that although intercostal nerve blocks may provide slightly better early analgesia for
lower rib fractures, SAPB provided longer-lasting and more sustained analgesia with fewer
requirements for rescue analgesics.™*!

Despite the significant improvements in pain control and respiratory parameters
observed in the present study, there was no statistically significant difference in hospital
length of stay between the two groups. The mean hospital stay was 8.11 days in the
intravenous analgesia group and 7.72 days in the SAPB group. Similar findings have been
reported in some previous studies, suggesting that hospital stay may be influenced by
multiple factors such as severity of associated injuries, presence of pneumothorax or
hemothorax, need for intercostal drainage, and overall clinical recovery rather than pain
control alone.

As an observational study conducted at a single tertiary care center, the findings may
not be generalizable to all settings. The study was not randomized, which may introduce
potential selection bias. Additionally, long-term outcomes such as chronic pain, functional
recovery, and quality of life were not evaluated. Future multicenter randomized controlled
trials with larger sample sizes may provide more definitive evidence regarding the role of
SAPB in rib fracture management.

The present study provides important clinical evidence supporting the use of
ultrasound-guided SAPB for rib fracture pain management. The technique demonstrated
superior analgesic efficacy, reduced opioid requirements, improved respiratory function, and
an excellent safety profile. These findings support the incorporation of SAPB into
multimodal analgesia protocols for patients with rib fractures.

Limitations

Despite the encouraging findings, this study has certain limitations. The dermatomal spread
of the SAPB may vary, suggesting reduced effectiveness for lower rib fractures (10th-11th
ribs). Additionally, previous studies on SAPB have varied in design, patient population, and
outcome measures, which may limit direct comparison of results. Most studies, including the
present one, involve relatively small sample sizes and focus primarily on short-term pain
outcomes within 24-48 hours, without evaluating long-term outcomes such as chronic pain.
Furthermore, the optimal SAPB technique-whether single-shot injection or continuous
catheter infusion-remains unclear and requires further investigation through larger
randomized controlled trials.
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CONCLUSION

This study demonstrates that ultrasound-guided SAPB provides significantly superior
analgesia compared with conventional intravenous analgesia in patients with rib fractures.
SAPB resulted in greater pain reduction, improved respiratory parameters, and a significant
reduction in additional analgesic and opioid requirements, thereby enhancing patient comfort
and facilitating respiratory physiotherapy. The technique also showed an excellent safety
profile with no procedure-related complications. Although no significant difference in
hospital length of stay was observed, the improved pain control and respiratory function
highlight the clinical value of SAPB. These findings support the incorporation of SAPB into
multimodal analgesia protocols for rib fracture management, while further large randomized
studies are recommended to strengthen the evidence.
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