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Introduction
Pain is an unpleasant experience that occurs due to 
potential tissue damage. Since the goal of medical science 
is to maintain and improve health and reduce suffering, 
effective pain relief is a matter of fundamental importance 
(1). A nerve block refers to the induction of any deliberate 
interruption in the traveling of the signal throughout the 
nerve, usually performed with the aim of reducing pain. 
Nerve block is a short-term process that usually lasts 
from several hours to days, during which local anesthetic, 

corticosteroid, and other substances are injected into or 
near the nerve (2). This medical intervention has many 
applications in the emergency department and outpatient 
procedures, such as temporary pain relief (3). According 
to the literature, the landmark-based nerve block not 
only has a high probability of block failure, but also is 
associated with more complications (4). The peripheral 
nerve localization methods (e.g., nerve locator and nerve 
stimulator) and injection techniques are very helpful in 
the localization of the nerve. However, they do not display 
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Abstract
Objective: The purpose of the current study was to assess the success rate of posterior 
tibial nerve block in the ankle with and without ultrasound guidance for pain management 
in emergency departments. 
Methods: This clinical trial was conducted on 80 individuals who needed posterior tibial 
nerve block in the ankle at the emergency department of Hashemi Nejad hospital and 
Edalatian emergency center in Mashhad, Iran. The eligible individuals were randomly 
assigned to one of two groups, designated the control (landmark-based nerve block) and 
the case group (ultrasound-guided nerve block). The two groups were compared in terms 
of the main measurable outcomes. The data were analyzed using SPSS software (version 
20) by nonparametric tests.
 Results: According to the findings, the mean and median of nerve block success in the 
landmark-based and ultrasound-guided methods were significantly different between 
the two groups, both 15 (P = 0.02) and 30 (P = 0.001) min post-intervention. In this regard, 
nerve block with ultrasound guidance had a higher success rate compared to the landmark 
method. However, no significant difference between the two interventions was found in 
terms of the mean and median of the procedure duration (P = 0.8) and injection frequency 
(P = 0.4). On the other hand, the two groups were significantly different regarding the 
median and mean of patient satisfaction (P = 0.00), duration of analgesia (P = 0.004), and 
nerve block-related complications (P = 0.03). 
Conclusion: The findings revealed that the relatively new technique of nerve block 
by ultrasound-guide resulted in better outcomes than the landmark-based method. 
Consequently, this method could be adopted to control acute pain in the emergency 
departments and improve patient care. 
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the needle path upon entering the skin until reaching the 
nerve and result in repeated attempts to find the nerve. 
This not only leads to a considerable loss of time, but 
also causes pain and possible complications in patients 
(5) and cannot reliably prevent intraneural injection (6). 
Moreover, blocking through these methods will be much 
more difficult in cases with disturbed local anatomy 
(e.g., history of surgery, radiotherapy, mass, obesity, and 
muscle hypertrophy) (7). When using these methods, it 
is not reliable to depend on clinical signs, such as severe 
pain upon local anesthetic injection. Accordingly, there 
are several pieces of evidence reporting a lack of pain 
during injection, followed by nerve injury events (8-11). 
Although the use of injection pressure monitoring is very 
useful, it cannot preclude the occurrence of intraneural 
injection (12). Ultrasound-guided nerve block has been 
commonly employed worldwide for several years. Several 
articles have been published in this regard in anesthetic 
journals (4,13-15). This method has been reported to have 
higher effectiveness than the previous landmark-based 
blocking methods (16-17). Currently, ultrasonography 
is available in the majority of hospitals; therefore, it can 
be commonly used for nerve blocking. However, little 
is known about the superiority of this method over the 
previous traditional techniques. In a study conducted by 
Perlas et al, the use of ultrasound-guided sciatic nerve 
block was demonstrated to result in greater success, faster 
onset of the effect, and better enhancement of sensory 
motor block without prolonging the implementation time 
or any complications (18). In another study carried out by 
Kapral et al, arm nerve block with ultrasound guidance led 
to a greater degree of block success, compared to the nerve 
stimulation method (19). However, in a systematic review 
performed by Liu et al, although the use of ultrasound 
reduced the duration and frequency of analgesia, it showed 
no significant difference with the traditional methods 
(20). Given the fact that all investigations reviewed in the 
mentioned study had a small sample size and were in the 
form of case reports, the authors recommended to perform 
further research, especially randomized controlled trials, 
to obtain more accurate findings. Bearing this in mind, 
the present study was conducted to compare the success 
rate of posterior tibial block in the ankle with and 
without ultrasound guidance for pain management in the 
emergency departments.

Methods
 This clinical trial was conducted on 80 patients referring 
to the emergency department of Hashemi Nejad hospital 
and Edalatian Emergency Center in Mashhad, Iran from 
2014 to 2015.
The inclusion criteria were: 1) isolated trauma in the 
posterior tibial nerve in the foot and toes, 2) age over 18 
years and 3) no previous deformities in the ankle. On the 
other hand, the patients with multiple traumas and injury 
to the ankle and those receiving analgesics for any cause in 

advance were excluded from the research.
After obtaining informed consent from the eligible 
individuals, they were divided into two groups of control 
(i.e., landmark-based nerve block) and intervention (i.e., 
ultrasound-guided nerve block) using closed envelopes, 
randomly. Then, the two groups were compared in terms 
of the main measurable outcomes. Given that the patients 
were in a prone position, they were not aware of the type 
of intervention. All patients were subjected to ultrasound 
using the Honda 2000 ultrasound device with a 7.5 
MHZ linear probe. 
The time required to perform nerve blocking was 
considered from the onset of finding the correct point 
for the needle insertion until the needle removal after 
ensuring the nerve block. The rate of blocking success 
was estimated 15 and 30 minutes after the onset of the 
procedure. This rate was determined based on the number 
of changes in the needle position for blocking, quality 
of the block (based on patient rating), duration of post-
blocking analgesia (using visual analogue scale [VAS] as 
having a score of <3 showing the lowest analgesia), patient 
satisfaction (using VAS with one and 10 showing the 
lowest and highest amount of satisfaction, respectively), 
unwanted complications (e.g., hematoma, injection site 
pain, paresthesia, and dystocia), and frequency of attempts 
to create local anesthesia.
To examine the sensory block, after the end of the 
nerve block, the patients were positioned in supine and 
monitored for 60 minutes by an emergency medicine 
resident blinded to the study. The resident checked the 
loss of sensation every 5 minutes upon the injection. In 
this regard, they examined five specified areas using 
pinprick and cold test. Lack of stimulation was considered 
as a complete sensory block. To examine the motor block, 
after the end of the nerve block, the patient was placed in 
a supine position and monitored every 5 minutes upon 
injection for 60 minutes in terms of motor block by an 
emergency medicine resident blinded to the study. After 
the completion of the motor and sensory block, the 
following two questions were asked from each patient: 1) 
raise the foot in which you feel more numbness and 2) 
express your satisfaction with this procedure on a range of 
1-10 based on VAS.
The obtained information was recorded in a form by 
a resident blinded to the study using codes, and then 
delivered to a statistical specialist for analysis. All nerve 
blocks were performed by a radiologist. The patients 
received no intravenous or oral sedation during the 
interventions. They were asked about the emergence of 
complications within 48 h post-intervention. 
The data were entered in SPSS software (version 20) and 
analyzed. Descriptive statistics (e.g., frequency) were 
used to show the results. Nonparametric tests like Mann-
Whitney U, and Kruskal-Wallis were used to compare 
continuous variables between groups; considering P value 
less than 0.05, as statistically significant.
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Results 
Out of the 80 patients, 59 (73.7%) cases were males. The 
mean age of the patients was 34.48 ± 10.51 years (Age 
range: above 18 years). Most of the patients were within 
the age range of 26-34 (32.5%), and the lowest age group 
was over 50 years (7.5%). The control group subjected to 
landmark-based nerve block consisted of 30 males and 40 
females. The results of the statistical test demonstrated 
no significant difference between the males and females 
in the control group in terms of the mean of blocking 
success (P = 0.2). The case group undergoing nerve block 
through ultrasound guidance included 29 males and 11 
females. Similarly, blocking success showed no significant 
difference between the males and females in this group 
(P = 0.1). 
As shown in Table 1, comparison of blocking success 
between the patients subjected to landmark-based and 
ultrasound-guided nerve block methods 15 minutes post-
intervention showed a significant difference between the 
two groups in this regard (P = 0.02). Accordingly, the case 
group had a lower mean value of an unsuccessful nerve 
block, compared to the control group.
As shown in Table 2, the results also revealed that in the case 
of the nerve blocking success 30 min post-intervention, 
the mean of unsuccessful nerve block occurrence was 
significantly lower in the ultrasound-guided group in 
comparison to the landmark group (P = 0.001).
Comparison of the procedure duration between the 
landmark-based and ultrasound-guided nerve block 
methods indicated no significant difference (P = 0.8). 
Likewise, no statistically significant difference was 
observed between the two groups in terms of injection 
frequency (P = 0.4). Additionally, we observed a substantial 
difference in average patient satisfaction between the 
control and the case group (3.67 ± 0.87 vs. 3.54 ± 0.98; 
P = 0.02). The ultrasound-guided nerve block resulted 
in a higher level of patient satisfaction compared to the 
landmark-based method. 
Based on the results, the length of the analgesia was 
significantly different with patients undergoing landmark-

based technique (2.00 ± 0.00) and those undergoing the 
ultrasound-guided method (2.66 ± 1.15) (P = 0.004). 
In this respect, in the case group the mean length of 
the analgesia was considerably higher than the control 
group (P = 0.004). As depicted in Table 3, there was a 
significant difference between the two groups in terms 
of complications. In this regard, the patients in the case 
group had a lower complication rate as compared to the 
control group (P < 0.05).

Discussion
A successful nerve block requires the exact localization of 
the nerve, proper needle guidance, and suitable amount 
of local anesthetic application. The conventional methods 
(e.g., landmark-based technique) are performed blindly 
and therefore cause discomfort and complications. 
The use of ultrasound guidance in nerve blocking can 
increase the efficiency of this intervention and reduce the 
complications (21). A successful and safe implementation 
of the peripheral nerve block under ultrasound guidance 
requires the adoption of an appropriate imaging technique 
for the detection of the desired nerve, skillful guidance of 
the needle in a coordinated manner, and evaluation of the 
drug diffusion in the appropriate site. Our results revealed 
a significant difference between the patients undergoing 
ultrasound-guided never block and those subjected to 
the landmark-based method in terms of blocking success 
both 15 and 30 minutes post-intervention. The rate of the 
unsuccessful nerve block was lower in the ultrasound-
guided group compared to the landmark groups. One of 
the benefits of ultrasound is the reduction of the chance 
of failure and minimal effective dose (22-24). The drug 
diffusion site in an intratissue injection is well visualized 
in a hypo echoic image. This facilitates the accurate 
injection of the drug in the desired location. Moreover, 
this technique prevents intravascular injections, thereby 
reducing the likelihood of systemic toxicity with 
anesthetic drugs. Since the introduction of ultrasound as 
a technology for local anesthesia, the use of this method 
has gained great popularity due to its simplicity and 

Table 1. Comparison of nerve blocking success between the patients undergoing landmark-based and ultrasound-guided methods 15 minutes 
post-intervention

Landmark (Control) Ultrasound (Case) P value

Successful sensory block 1.81 ± 0.66 2.00 ± 0.85 0.02

Successful sensory and motor block 1.25 ± 0.46 1.47 ± 0.79 0.001

Unsuccessful block 1.30 ± 0.48 1.00 ± 00 0.01

Table 2. Comparison of nerve blocking success between the patients undergoing landmark-based and ultrasound-guided methods 30 minutes 
post-intervention

Landmark (Control) Ultrasound (Case) P value

Successful sensory block 2.05 ± 0.40 2.17± 0.52 0.01

Successful sensory and motor block 1.07 ± 0.27 1.42 ± 0.81 0.001

Unsuccessful block 1.50 ± 0.53 1.00 ± 0.00 0.001
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precision (3,18,25). Ultrasonography is currently available 
in many hospitals; as a result, it can be commonly used 
for nerve blocking. Comparison of complications between 
the landmark-based and ultrasound-guided methods 
revealed a significant difference. In this regard, the mean 
of the non-complicated nerve block was lower in the 
ultrasound-guided group than in the landmark group 
(P = 0.02). One of the most important merits of ultrasound 
guidance is the reduction of block-related complications. 
There are various reports regarding these complications 
(26). For instance, Bigeleisen reported a nerve damage 
probability of 0.002% in patients subjected to ultrasound-
guided block (27). Furthermore, Chan et al observed 
an increase in nerve diameter following intraneural 
injection. They reported that stopping injection in both 
of the investigated cases prevented the incidence of 
neurologic complications (13). Certain findings of this 
study revealed that the length of analgesia between the 
case and the control groups was significantly different. 
In this respect, the patients undergoing nerve block with 
ultrasound guidance had a longer duration of analgesia. 
In line with our findings, Hadzic et al concluded that 
ultrasound-guided nerve block triggered early analgesia 
and increased its duration. Despite the disparity between 
nerve blocks anatomy and physiology, they reported that 
ultrasound resulted in a 29% decrease in the block onset 
time and a 25% increase in the duration of analgesia (28). 
According to Marhofer and Chan, the nerve block under 
ultrasound guidance requires a lower anesthetic volume 
and provides sufficient safety for regional anesthesia, 
compared to nerve stimulation (13,23). Moreover, 
Wegener et al reported that the localization of the nerve 
was 10% more accurate by ultrasound compared to a 
nerve stimulator (6). van Geffen et al also indicated 
that the patients receiving peripheral nerve block had 
lower resting and moving pain scores, compared to 
those undergoing peripheral nerve block (7). Mariano 
et al showed that the ultrasound-guided nerve block 
resulted in a higher rate of pain relief and lower vascular 
damage in comparison to nerve stimulation method (8). 
In line with these results, our findings indicated that 
nerve block with ultrasound guidance led to longer pain 
relief than the landmarked-based method. Finally, the 
comparison of patients’ satisfaction with landmark-based 
and ultrasound-guided methods showed a significant 
difference between the two groups. In this regard, the 
patients undergoing nerve block with ultrasound guidance 

Table 3. Comparison of complication rates between landmark-based and 
ultrasound-guided nerve block methods

Landmark 
(Control)

Ultrasound 
(Case)

P value

Hematoma 4.00±0.00 3.33 ± 1.15 0.001

Paresthesia 1.00±0.00 4.00 ± 0.00 0.003

Pain 4.00±0.00 2.00 ± 0.00

No complications 3.67±0.87 3.54±0.98 0.02

reported a higher level of satisfaction than those subjected 
to the landmark-based method (P=0.000). In general, 
the benefits of ultrasound-guided peripheral nerve block 
method include better nerve localization that reduces the 
time to perform blocking, less local anesthetic volume, 
better visualization of anesthetic drug diffusion, lower risk 
of drug toxicity, faster block onset, more complete nerve 
block, more prolonged sensory and motor nerve block, 
fewer complications, and higher patient satisfaction (29).

Limitations of the study
Taking into account that all blocking procedures were 
performed by a radiology specialist, the skill level of the 
radiologist may have partly affected the results of the 
research. A further limitation of this research was the 
inability of some patients to comply which were omitted 
from our study. 

Conclusion
As the results of this study have demonstrated, ultrasound-
guided nerve block, as a relatively new method, improved 
the quality of nerve blocking. Consequently, this 
technique can be employed to control the acute pain in 
the emergency department and improve patient care.
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