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Abstract: Objective To compare the analgesic effects and safety of ultrasound thoracic paravertebral block (TPVB) and intercostal

nerve block (INB) in patients with unilateral multiple rib fractures. Methods Patients with unilateral multiple rib fractures treated by

surgery at The Fifth Affiliated Hospital of Xinjiang Medical University from January 2022 to June 2023 were selected. A total of 82

patients who met the inclusion and exclusion criteria were included, and divided into the TPVB group (20 mL of ropivacaine 0.33%

for TPVB after general anesthesia) and INB group (5mL of ropivacaine 0.33% for INB after general anesthesia) by random number

table method, with 41 patients in each group. The visual analog score (VAS) was used to assess patient’s pain, and the time and dosage

of analgesics were recorded. The pulmonary and non-pulmonary complications within 72 hours after operation were observed. Results

Kaplan-Meier curves showed that there was a statistically significant difference in first use time of analgesics between the two groups

(χ2=6.125, P=0.013). The proportion of patients with analgesia demand in the TPVB group was significantly lower than that in the

INB group within 24 hours after operation (19.51% vs 36.59% , χ2=4.895, P=0.027) and 48 hours after operation（41.46%vs 63.41%,

χ2=3.961, P=0.047), and the total dose of analgesics used in the TPVB group 25-48 hours after operation was significantly lower than

that in the INB group [(13.78±9.48) mg vs (26.20±12.31)mg, t=3.527, P＜0.01]. VAS scores at rest and during coughing at all time

points after surgery significantly decreased in both groups（P<0.01）. At 6 and 18 hours postoperatively, the VAS score at rest in the

TPVB group was lower than that in the INB group, and at 1, 6, and 18 hours postoperatively, the VAS score when coughing in the

TPVB group was lower than that in the INB group, with statistically significant differences(P<0.05). There was no statistically

significant difference in the incidence of pulmonary and non-pulmonary complications between the two groups (P＞0.05). Conclusion

Ultrasound-guided TPVB can effectively alleviate pain and reduce opioid consumption in patients with unilateral multiple rib fractures

compared with INB.
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The most common cause of rib fractures is blunt chest trauma, with an incidence up to 12% of all trauma patients
[1]. Rib fractures and their associated morbidity, disability and mortality constitute a significant healthcare burden [2-3].
It's estimated that one-third of traumatic rib fracture patients experienced a mortality rate as high as 65% due to
secondary pulmonary complications [4-6]. Patients with single rib fractures have a low complication rate, which can be
managed with oral analgesics [7-9]. In the case of multiple rib fractures, pain is usually more severe and often alters
respiratory dynamics. Severe pain during respiration results in shallow breathing and ineffective cough, making
inadequate clearance of airway secretions and sputum retention, which can lead to complications [10-11]. Thus, adequate
analgesia is essential for the prevention of complications such as atelectasis and pneumonia. In recent years, regional
anesthesia techniques have played an increasingly important role due to their ability to reduce postoperative pain and
related postoperative complications. Regional anesthesia used for treating rib fractures include thoracic paravertebral
nerve block (TPVB) [12] and intercostal nerve block (INB), and there is still controversy about which of these two
anesthesia techniques is more effective in terms of analgesia and safety [13]. The aim of this study was to compare the
analgesic effect and safety of TPVB and ICB in patients with multiple rib fractures.
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1 Materials and methods

1.1 General data
This study was approved by the Ethics Committee of the hospital (approval number:XYDWFYLSH-2023-113).

Patients with unilateral multiple rib fractures who admitted to The Fifth Affiliated Hospital of Xinjiang Medical
University from January 2022 to June 2023 were selected.
Inclusion criteria:
(1) patients with unilateral multiple rib fractures;
(2) patients with preoperative visual analogue score (VAS) score ≥7;
(3) patients' informed consent.
Exclusion criteria:
(1) patients with bilateral rib fractures, sternal fractures, or severe trauma outside the chest wall;
(2) patients with pre-existing severe vertebral deformities, local infections at the site of injection, and coagulation
disorders;
(3) patients known to be allergic to local anesthetics used in the study;
(4) patients admitted to the ICU after the operation;
(5) Patients unable to communicate effectively.

After applying the inclusion and exclusion criteria, a total of 82 patients were included, with a mean age of (36.24 ±
9.68) years, 55 males and 27 females. The most common cause of fracture among the included patients was traffic
accidents, accounting for 70.73% (58/82) of the patients, followed by fall from height (14.63%), direct blow (10.98%)
and others (3.66%). The patients were divided into TPVB and INB groups using random number table method, with 41
patients in each group.

There was no statistically significant difference between the two groups in terms of age, gender, body mass index
(BMI), number of rib fractures, fracture site and cause of fracture (P>0.05). [Table 1]

Tab.1 Comparison of general characteristics between TPVB group and INB group

Indicators TPVB group
（n=41）

INB group
（n=41） t/2 value P value

Age (years，��±s) 36.39±10.07 36.06±9.41 0.136 0.892

Gender [Male，case (%)] 26（63.41） 29（70.73） 0.497 0.481

BMI（kg/m2, ��±s） 25.24±2.01 24.56±1.32 1.811 0.074

Number of rib fractures（��±s） 4.85±1.06 4.56±0.95 1.315 0.192

Fracture site [case (%)]

0.205 0.651Left side 24（58.54） 26（63.41）

Right side 17（41.46） 15（36.59）

Cause of fracture [case (%)]

Traffic accidents 28（68.29） 30（73.17）

0.847 0.838
Fall from height 7（17.07） 5（12.20）

Direct blow 4（9.76） 5（12.20）

Others 2（4.88） 1（2.40）

1.2 Anaesthesia protocol

TBVP group: The patient was placed in the lateral
position after general anesthesia, and TPVB was
performed at the level of the vertebrae between above and
below the fractured ribs or two segments below the
highest fractured ribs. An ultrasound probe (Fujifilm
Sonosite, USA) was used to identify the spinous process,

transverse process, pleura, transverse costal ligament, and
the paravertebral space at the level of the target vertebrae.
After infiltrating the skin and subcutaneous tissues with
2-3 mL of 2% lidocaine, the puncture needle was
punctured into the paravertebral space under ultrasound
guidance, and after suctioning without regurgitation, 20
mL of 0.33% ropivacaine was injected.
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INB group: The patient was placed in the lateral

position after general anesthesia, and the procedure was
performed in the intercostal space between above and
below the fractured rib. An ultrasound probe (Fujifilm
Sonosite, USA) was used to visualize the ribs, intercostal
muscles and pleura. After infiltrating the skin and
subcutaneous tissues with 2-3 mL of 2% lidocaine, a
puncture needle was targeted to the lower edge of the rib
under ultrasound guidance, and after aspiration without
regurgitation, 5 mL of 0.33% ropivacaine was injected
into the intercostal space.

1.3 Observing indicators

(1) The VAS was used to assess pain of patients (range
0-10, with larger scores indicating more severe pain) as
baseline, 1, 6, 18, and 36 hours postoperatively, including
at rest and when coughing.
(2) If the patient's VAS score was >3 at rest or if the
patient requested it, analgesia was given, and the time and
dose of opioids were recorded, and the opioid dosage was
calculated using converted morphine equivalents.
(3) Pulmonary-related complications such as pulmonary
atelectasis, pulmonary infection, pneumothorax, and other
non-pulmonary-related complications such as nausea and
vomiting, cardiac arrhythmia, drowsiness, and
hemorrhage at the puncture site, were observed in the
patient within 72 hours after the operation.
These observational indicators were assessed and data
were collected by a physician unaware of the blockade
technique performed.

1.4 Statistical methods

Data processing was performed using SPSS 26.0.
Measurement data were expressed as ��± s, and t-test was
used for comparison between groups. Count data were
expressed as cases and percentages, and chi-square test
was used for comparison between groups. Time to first
analgesic medication was described by Kaplan-Meier
survival analysis, and the mean time to first analgesic
medication was compared between the two groups using
log-rank test. VAS pain scores at baseline, 1, 6, 18, and
36 hours were compared using repeated measures
analysis of variance and LSD-t test. P<0.05 was
considered statistically significant difference.

2 Results
2.1 Time and dosage of postoperative analgesics in
the two groups

Comparison of the analgesic effects of the two
blocking regimens according to the time of the patient's
first postoperative application of analgesics.
Kaplan-Meier curve analysis showed a statistically
significant difference between the two groups in the time
of first use of analgesics (χ2 = 6.125, P = 0.013). [Figure
1] The proportion of patients requiring postoperative
analgesia was significantly lower in the TPVB group than
in the INB group for both 24 and 48 hours (P < 0.05).
The total dose of analgesics used in the TPVB group was
significantly lower than that used in the INB group from
25 to 48 hour (P < 0.01), whereas the difference in the
total dose of analgesics used in the two groups was not
statistically significant from 0 to 24 hour (P >0.05).
[Table 2]

Fig.1 Kaplan-Meier curve of time for the first administration of analgesics
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Tab. 2 Comparison of the proportion and dosage of analgesics between two groups of patients 24 to 48 hours after operation （n=41）

Group Analgesia within 24 h
[case(%)]

Total dosage of analgesics
in 0-24 h (mg，��±s)

Analgesia within 48 h [case
(%)]

Total dosage of analgesics
in 25-48 h (mg，��±s)

TPVB group 7（19.51） 26.24±15.83 17（41.46） 13.78±9.48

INB group 16（36.59） 30.73±16.84 26（63.41） 26.20±12.31

χ2/t value 4.895 0.598 3.961 3.527

P value 0.027 0.556 0.047 0.001

2.2 VAS scores at rest and when coughing
(1) At rest: there was no statistically significant

difference in baseline VAS scores at rest between the two
groups (P >0.05), and the VAS scores at rest decreased
significantly at all time points after drug administration
(P<0.01). The VAS scores at rest in the TPVB group
were lower than those in the INB group at 6 h and 18 h
postoperatively (P<0.05), whereas the difference between
the two groups at 1 h and 36 h postoperatively were not
statistically significant (P >0.05). [Table 3]

(2) When coughing: there was no statistically
significant difference in baseline VAS scores at coughing
between the two groups (P>0.05), and the VAS scores at
coughing decreased significantly at all time points after
drug administration (P<0.01). The VAS scores at
coughing in the TPVB group were lower than those in the
INB group at 1, 6, and 18 h postoperatively (P<0.05),
whereas the difference between the two groups at 36 hour
postoperatively was not statistically significant (P>0.05).
[Table 4]

Tab. 3 Comparison of VAS scores at rest between TPVB group and INB group（n=41，��±s）

Group Baseline 1 h postoperatively 6 h postoperatively 18 h postoperatively 36 h postoperatively

TPVB group 8.15±1.33 0.71±0.75a 2.39±0.83a 2.24±0.77a 1.17±0.44b

INB group 8.32±1.31 1.05±0.95 a 3.24±1.34ab 2.78±1.01ab 1.32±0.52b

F / Pgroup value 5.312/0.024

F/ Ptime value 10.351/<0.001

F / Pinteraction value 12.776/<0.001

Note: Compared with baseline, aP<0.05; compared with TPVB group at the same time point, bP<0.05.

Tab. 4 Comparison of VAS scores when coughing between TPVB group and INB group（n=41，��±s）

Group Baseline 1 h postoperatively 6 h postoperatively 18 h postoperatively 36 h postoperatively

TPVB group 9.12±0.68 1.63±0.58a 3.07±0.72a 2.37±0.54a 1.51±0.51a

INB group 9.22±0.76 1.98±0.72ab 3.59±0.63 ab 2.85±0.65 ab 1.68±0.61a

F / Pgroup value 23.075/<0.001

F/ Ptime value 33.551/<0.001

F / Pinteraction value 25.418/<0.001

Note: Compared with baseline, aP<0.05; compared with TPVB group at the same time point, bP<0.05.

2.3 Incidence of pulmonary complications in the two
groups

Four cases of pulmonary atelectasis and one case of
pulmonary infection occurred in the TPVB group; five
cases of pulmonary atelectasis, three cases of pulmonary
infection, and one case of pneumothorax occurred in the
INB group. There was no statistically significant
difference in the incidence of pulmonary complications

between the two groups (12.20% vs 19.51%, χ2=0.599,
P=0.439).

2.4 Incidence of other complications in the two
groups

Four cases of nausea and vomiting, one case of
cardiac arrhythmia, one case of drowsiness and one case
of hemorrhage at the puncture site were observed in the
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TPVB group, and six cases of malignant vomiting, one
case of cardiac arrhythmia and one case of drowsiness
were observed in the patients in the INB group. There
was no statistically significant difference in the total
incidence of other complications between the two groups
(17.07% vs 19.51%, χ2=0.061, P=0.812).

3 Discussion

Pain in traumatic multiple rib fractures is usually
severe and difficult to control, leading to altered
respiratory dynamics and potential limitations in mobility
[10]. Appropriate analgesia can prevent serious
complications such as pulmonary atelectasis and
pneumonia. In young patients with one or two rib
fractures, nonsteroidal anti-inflammatory drugs (NSAIDs)
are usually sufficient. However, for elderly patients, those
with multiple rib fractures, severe pain, or impaired lung
function, regional anesthesia techniques are the preferred
choice for relieving rib fracture pain [9].

This study observed the efficacy of TPVB and INB
by assessing the time to first use of analgesics and total
analgesic consumption at 0-24 h and 25-48 h post-block.
The results showed that when local anesthetics were
injected into the paravertebral spaces, the analgesic effect
was better than that when local anesthetics were injected
into the intercostal spaces, and the proportions of patients
requiring postoperative analgesia were significantly lower
in the TPVB group than that in the INB group for both 24
h and 48 h. The proportion of patients requiring
postoperative analgesic was significantly lower in the
TPVB group than in the INB group in both 24 h and 48 h.
The total dosage of pulmonary used in the TPVB group
was significantly lower than that of patients in the INB
group in the 25-48 h period. Moreover, both TPVB and
INB were effective in decreasing the pain scores of the
patients with multiple rib fractures, with the VAS scores
lower than that of the INB group in the TPVB group than
the INB group at rest in the 6 h and 18 h periods after the
operation, and also lower than the INB group during the
coughing period in the 1 h, 6 h and 18 h after the
operation. Therefore, for the choice of analgesia for
unilateral multiple rib fractures, TPVB may be more
recommended compared to INB.

There are fewer studies comparing the analgesic
effect and safety of TPVB and INB in patients with
unilateral multiple rib fractures, and most of the studies
mainly focus on the application of the two in
thoracoscopy and do not obtain uniform results. Some
studies found that TPVB had a better analgesic effect

[12,14], while others indicated a comparable effect
between TPVB and INB [13]. Wang et al. [15] concluded
that VAS scores and opioid dosage were lower in TPVB
patients than in INB patients during the 25-48 h
postoperatively. One study confirmed that
ultrasound-guided TPVB was superior to INB by
comparing postoperative morphine dosage, and VAS
scores at rest and when coughing [16]. Although the
population selected for this study was different from the
above studies, the final results were consistent.

In addition, this study also observed the incidence of
pulmonary and non-pulmonary complications in the two
groups within 72 hours. The results showed that there
were four cases of pulmonary atelectasis and one case of
pulmonary infection in the TPVB group, and five cases of
pulmonary atelectasis, three cases of pulmonary infection
and one case of pneumothorax in the INB group; there
were four cases of nausea and vomiting, one case of
arrhythmia, one case of drowsiness and one case of
hematoma at the puncture site in the TPVB group, six
cases of nausea and vomiting, one case of arrhythmia and
one case of drowsiness in the INB group; the difference
between the incidence of pulmonary and non-pulmonary
complications between the two groups was not
statistically significant. In the INB group, the incidence of
pulmonary and non-pulmonary complications was 1 case
of arrhythmia and 1 case of drowsiness. The difference
between the incidence of pulmonary and non-pulmonary
complications of the two groups was not statistically
significant. The above results were similar to the studies
of Guo et al. [14] and Wang et al. [17]. However, Zhang
et al. [18] concluded that there was a reduction in opioid
dosage and a lower rate of postoperative complications
after TPVB compared to INB.

This study has some limitations. Firstly, the
analgesic effect of intravenous opioids was not compared
with that of INB. Secondly, the operations were
performed after the patients were under general
anesthesia in order to reduce the patients' intraoperative
discomfort, so the level of block and the time of block
onset were not measured. Finally, follow-up was not
prolonged, and efficacy was not evaluated regarding
length of hospital stay, intensive care unit stay, and
long-term complications.

In conclusion, compared with INB,
ultrasound-guided TPVB can effectively reduce pain,
prolong the duration of analgesia, and reduce opioid
consumption in patients with unilateral multiple rib
fractures.
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