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Abstract

Background: Peripheral nerve blocks in regional anesthesia are operator skill dependent and are not
always successful, which leads to patient discomfort and post-operative pain. The methods of
determining a failed nerve block are based on subjective feelings of the patient - loss of sensation and
motor functions, which take time to set in and can be often misleading. This study examines
thermography, an objective, quantitative method for determining the success of a nerve block and
extrapolates the practical meaning of our findings for clinical practice. Methods: In this study, done
in Hospital of Traumatology and Orthopedics in Riga, 55 patients undergoing N.Ischiadicus block
with different local anesthetics in equipotent doses were enrolled. Three different local anesthetics
for nerve blocks were used - lidocaine, bupivacaine and ropivacaine, all in equipotent doses. After
the nerve block, the region anesthetized was pictured with a thermography camera for 45 minutes
for detection of temperature changes. Results: After analyzing the data, we concluded, that there is
no practical significant difference between various local anesthetics and time for skin temperature
changes, at least 15 minutes must pass before judging the success of a nerve block, this method is less
reliable in acute bone fractures, the lower the initial temperature, the faster observable temperature
increase.

Keywords: regional anesthesia; peripheral nerve blocks; thermography; skin temperature changes;
local anesthetics

1. Introduction

Despite continuous developments in regional anesthesia, with new types and approaches to
nerve blocks described in literature and conferences almost daily, the way in which we, as practicing
anesthesiologists, can determine whether the nerve block has been successful, has not changed
significantly in the last 100 years. It is still based on subjective observations — the patient's own
reported sensations, the onset of motor blockade, and the disappearance of sensation in the
anesthetized regions. Often, it can take a long time for these changes to occur, and the patient is not
always able to adequately assess their feelings or inform the anesthesiologist about them, which
results in the patient suffering pain during or after surgery in the event of an undiagnosed,
unsuccessful nerve block.

N. Ischiadicus block, performed through both proximal and distal accesses, has long proven
itself to be an invaluable, effective pain relief option for moderately and severely painful surgeries of
the lower leg distal portions. It effectively reduces pain and opiate consumption to a minimum,
especially when using a perineural catheter [1], and can be combined with femoral or saphenous
nerve blocks for complete anesthesia of the distal part of the lower leg [2]. Compared to the alternative
- ankle blocks - it can reduce pain levels by an average of 1.5 points more and lasts longer (up to 20
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hours compared to 14.5 hours) [3]. An experienced operator using ultrasound guidance achieves
success in 90%-95% of cases with the supra-popliteal approach [4]. However, this also means that up
to 10% of patients experience block failure, consistent with Barrington et al.'s large retrospective
study showing that approximately 10% of general PNBs fail [5].

But the problem lies not in the fact how we perform regional anesthesia, but rather that there is
no objective, quantitative method for timely detection of failed nerve blocks (FNB).

One method that could be used to address this problem is thermography. It is a non-invasive,
quantitative method based on the objective analysis of thermographic images, which, when viewed,
would lead any two or more independent observers to the same conclusion.

Our options to diagnose failed PNB in clinical practice are limited, subjective and often
inaccurate [6]. Their effectiveness is influenced by the operator's understanding of skin innervation
areas, each patient's individual sensations and anatomy, and, often in clinical practice, the limited
turn-over time between surgeries.

Thermography is not new and has already proven itself in regional anesthesia [7]. However, its
wider application in clinical practice is currently limited by many unanswered practical questions. In
our study, conducted at the Hospital of Traumatology and Orthopedics, we attempted to answer
some of these questions. The aim of the study was to determine how different local anesthetics affect
the rate of skin temperature changes after the popliteal sciatic nerve block, observing these changes
with a thermographic camera.The primary research objective of the study was to explore how
different local anesthetics will affect the speed of onset for thermographic skin changes. The
secondary objectives were to analyze obtained data, extrapolate our findings for clinical practice and
evaluate the thermography method feasibility for detecting PNB failures in acute bone fractures.

2. Materials and Methods
2.1. Study Design

From November 30, 2024, to April 30, 2025, a prospective, randomized study was conducted at
the Traumatology and Orthopedics Hospital in Riga. The study was conducted in accordance with
the permission of the Ethics Committee of the Hospital of Traumatology and Orthopedic, application
No. 49/2024/1 and follows the Declaration of Helsinki guidelines.

Both acute and elective surgical patients were enrolled. All the patients had surgery on the distal
portion of the lower extremity scheduled and according to both international and Hospital of
Traumatology and Orthopaedics guides of best practices, had indications for N. Ischiadicus blocks to
ensure postoperative analgesia. Additional inclusion and exclusion criteria can be found here
(Appendix Al).

All the patients were divided into three groups depending on local anesthetic used (Group B,
Group R, Group L). Each group consisted of 20 patients. Randomization was done by using a free
online randomizing tool. In group B - 20 ml of 0.25% bupivacaine anesthetic was used; Group R -
20 ml of 0.375% ropivacaine anesthetic; Group L - 20 ml of 1% lidocaine anesthetic.

The fixed doses and concentrations of local anesthetics were specifically selected based on
information available in the literature on the potency of each local anesthetic with the aim of ensuring
their equal equipotency [8] when performing nerve blocks.

Patients who met the study criteria received full information and signed a consent form, which
explained the study and its objectives. In addition, all patients signed the standard form of the
Hospital of Traumatology and Orthopedics, consenting to anesthesia and surgical manipulation.
Prior to arriving at the pre - operative room, each patient received premedication - Tab. Eterocoxibum
90 mg p/o and Tab. Midazolamum 7.5 or 3.75 mg (based on age and comorbidities) p/o for
anxiolysis. Each patient was assigned a number from 1 to 60 and included in one of the three
randomized groups.
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2.2. Procedure

After arrival, all patients had the surgical site exposed up to the knee level for 15 minutes to
ensure temperature equilibrium with the environment, as recommended by international medical
thermography guidelines [9]. The ambient temperature in the preoperative preparation room
remained constant at 22 degrees Celsius throughout the study. After 15 minutes, the first image was
taken with a thermography camera (HICKMICRO SP60), after which a N. Ischiadicus block in the
suprapopliteal approach was performed. Both ultrasound guidance and nerve stimulator were used
during the procedure. Each patient received a fixed dose of 20 ml of the local anesthetic prescribed
for the respective group. Immediately after the block was performed and every minute thereafter, up
to and including 45 minutes, thermographic images were taken of the anesthetized patient's
extremity. In total, there were 47 thermographic images for each patient (Figures 1-6 shows
thermographic pictures obtained for single patient in an elective group, when bupivacaine was used).

In addition, a skin thermometer was attached to the anesthetized extremities toe, which ensured
continuous temperature measurement, and every 3 minutes a sensation test was performed on the
dorsal part of the foot with ice until the sensation of cold completely disappeared. All this data were
recorded and used as additional confirmation of the success of the block (the main criteria for the

success of the nerve block remains visible local anaesthetic spread around the nerve in Vloka fascial
sheath).

2.3. Statistical Analysis and Data Storage

The images obtained were stored on a camera and then uploaded to Google Drive, from where
they were analyzed using the official HICKMICRO free thermography image analysis application
HICKMICRO ANALYZER V1.7.1. The data was recorded in MS Office Excel (Microsoft 365) format.
Statistical analysis was performed in IBM SPSS 29.0 by employees of the Statistics Laboratory at the
University of Latvia.

Wilcoxon range tests, Spearman rank correlations were used to compare quantitative variable
data. Linear regression methods were used for scalar reactions and variable correlations. A p-value <
0.05 was considered statistically significant.

Figure 1. Before peripheral nerve block .

2, HIKMICRO

Figure 2. 1st minute after nerve block.
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Max 31.8
Min 19.1
Avg 234

Figure 3. 13th minute after nerve block.

0001

18:56
= HIKMICRO

Figure 5. 30th minute after nerve block.

Min 20.5
Avg 268

Figure 6. 45th minute after nerve block. Almost maximal temperature changes. End of study.

3. Results
3.1. Total Population

During the study period, 55 of 60 planned patients were enrolled; 7 were later excluded due to
inconclusive nerve blocks or poor-quality thermography images. In total, 48 patients were
analyzed.

During data analysis, we further divided those 48 patients in 2 large groups: patients with acute
bone fractures (N=13) and patients undergoing elective surgery without acute bone fractures (N=35).
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For elective patients, three sub-groups (Group L, Group B, Group R) were retained for data
analysis. For acute fracture patients, due to the relatively small total number, all three groups were
combined and analyzed as one group.

Flowchart of patient population.

Total of 60 patients planned

7 patients excluded
a) inconclusive nerve block
(N=4)
b) inadequate quality of
thermographic pictures (N=3)

( In the allocated time frame 55 patients are enrolled

( Acute bone fracture group N=13 ) ( Elective patients N=35 )

(leocaine group N= 12) CBupivacame group N= 10) Ropivacaine group N=13)

3.2. Primary Outcome

To determine if there is a difference between the three LAs and the rate of skin temperature
increase, we used linear regression. In statistics, linear regression is a model that estimates the
relationship between a scalar response and one or more explanatory variables. In this study, linear
regression was used to show correlation between time and temperature increase. The higher the slope
value, the steeper the curve, i.e., the faster the temperature increase in the respective time unit.

The coefficient of determination (r squared) of the obtained linear regressions in our study was
very high in all cases, especially when looking at the results up to the 25th minute, when the
temperature increase is the fastest, which indicates that the models obtained in all groups will be able
to predict the temperature increase with very high accuracy (Appendix A2). The data obtained shows
that when observing values up to 45 minutes, the average skin temperature increase is relatively
similar in all groups. Higher slope coefficient can be observed in the ropivacaine group (slope
coefficient -SC- 0.194), followed by the lidocaine group (SC 0.178) and the bupivacaine group (SC
0.162). When observing the results only up to the 25th minute, a greater difference appears; in this
case, the slope coefficient of ropivacaine is significantly higher than the rate of increase of the other
two local anesthetics (SC 0.315) compared to bupivacaine (SC 0.234) and lidocaine (SC 0.246). These
results are also shown in a graph in Appendix A3 and Appendix A4.

3.3. Secondary Outcomes

One of the most important questions for clinical usage of thermographyis - how long it takes
for statistically significant changes in skin temperature to occur when using a thermographic camera?
To answer this question, we used Wilcoxon-signed range tests. Taking a significance level of a=0.05
or less, the shortest time when the first statistically significant changes appear in the lidocaine group
is 15 minutes, in the bupivacaine group - 15 minutes, and in the ropivacaine group - 10 minutes. It is
worth noting that in the lidocaine group, the a value was already very close to 0.05 (0.057) at 10
minutes (Appendix A5). This is consistent with the previously observed results for linear regressions,
where the average temperature increase in the ropivacaine group was the most rapid, followed by
the lidocaine and bupivacaine groups. If we use these obtained time points for statistically significant
temperature changes, we can estimate the degree of temperature increase that will be observed at
these cut-off times. For example, for ropivacaine, the total temperature increase at 10 minutes will be
3.709C compared to the pre-block temperature, for lidocaine, the increase at 10 minutes will be
3.392C, while bupivacaine will have the smallest increase, only 2.28°C at 10 minutes (Appendix A6).
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Another important question for clinical practice is - how does the initial skin temperature
influence the rate of increase for the skin temperature? An empirical hypothesis was put forward that
the lower the outgoing skin temperature, the faster the observed temperature increase after nerve
block. Spearman's rank correlation test was used to prove the hypothesis. It showed that there is a
statistically significant and strong negative correlation between pre-block temperature and the
average rate of temperature change (0=—0.855, P<.001), i.e., the lower the skin temperature in the area
of interest before regional anesthesia, the faster the temperature changes will be observed (Appendix
A8).

As for the feasibility of using a thermography method for detecting PNB failure in acute bone
fracture - we also chose the Wilcoxon range tests. Due to the small total number of patients in this
group (N=13) separate subgroups were not identified. An attempt was made to answer only one main
question: will a statistically significant change in temperature be observed in cases of acute bone
fractures? All patients in this group had an initial skin temperature higher than 32°C in the regions
of interest. Taking a significance level of a=0.05 or less, the shortest time when the first statistically
significant changes appear is 25 minutes. This confirms that statistically significant temperature
changes will also be observed in acute bone fractures after peripheral nerve block (PNB) using the
thermography method (Appendix A7).

4. Discussion

Thermography is an appealing possible alternative to commonly used tests. It has already been
studied in various peripheral and centroaxial blocks before.

For our study, after literature review and based on the specifics of our hospital workflow, we
chose the N.Ischaidicus block in the supra-popliteal approach as the nerve block of choice, as the
thermography method has already proven itself in this type of blocks [10,11].

It is known that each local anesthetic has its own onset speed and duration. The literature
describes that lidocaine has the fastest onset, followed by ropivacaine and bupivacaine. This is based
on the pharmacodynamic parameters of the substances - pKa, lipophilicity, molecular size. However,
both the onset speed and duration of action are also influenced by other factors - mainly LA
concentration and total volume around the nerve [12]. To obtain accurate data on how different local
anesthetics affect the rate of change in skin temperature, these two additional factors were eliminated
in this study by using a fixed volume and equipotent LA concentrations.

The author's study analyzed and included only patients in whom nerve block was considered
successful. This was determined by the following parameters: convincing local anesthetic distribution
around the nerve under ultrasound control, positive sensory block with ice (loss of temperature
sensation), temperature increase around the toe, measured continuously with a non-invasive skin
thermometer.

Based on a review of the available literature, it was expected that lidocaine would have the
fastest onset of action and, consequently, the fastest temperature increase [13], followed by
ropivacaine and bupivacaine [14].

Using linear regression, in our study, we found that the fastest temperature increase up to 45
minutes was in the ropivacaine group (slope coefficient -SK- 0.194), followed by the lidocaine group
(5K 0.178) and the bupivacaine group (SC 0.162).

When observing the results only up to 25 minutes, a greater difference appears; in this case, the
slope coefficient of ropivacaine is significantly higher than the rate of increase of the other two local
anesthetics (SC 0.315) compared to bupivacaine (SC 0.234) and lidocaine (SC 0.246). In this case, it
could be explained that the true equipotent concentration of ropivacaine would be 0.33%, not 0.375%,
which we used in the study. However, the fact that the slope coefficients in the lidocaine and
bupivacaine groups were so similar would suggest that the rate of temperature change is influenced
directly by concentration and volume (or "strength"), rather than pKa or other pharmacodynamic
parameters.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Spearman's rank correlation revealed a statistically significant and strong negative correlation
between pre-block temperature and mean rate of temperature change (0=—0.855, P<.001). The finding
of a negative correlation is consistent with the findings of other authors that effective temperature
increase after nerve block requires initial vasoconstriction in the region under study [2].

A clinically very important question is how much time must pass after a nerve block is
performed for a statistically significant change in temperature to be observed?

It would be more meaningful to also view these changes in comparison with the previous
different author study findings of the onset of sensory changes following the nerve block. Kim H]J et
al. in their study using 0.375% ropivacaine and 0.25% levobupivacaine in infraclavicular blocks found
that sensory block with ropivacaine occurs on average in 15-22.5 minutes, while levobupivacaine
takes 17.5-35 minutes [15].

Cuvillon et al. used various combinations of LA, as well as ropivacaine and bupivacaine
separately, in their study on N.Ischiadicus blocks [16]. The study found that sensory-motor block
occurred in 23 +/- 12 minutes in the ropivacaine group and in 28 +/- 12 minutes in the bupivacaine
group. It should be noted that this study used much higher doses of LA than ours - ropivacaine for
the N. Ischiadicus block 150 mg (authors 75 mg), bupivacaine 100 mg (authors 50 mg).

Less is known about the speed of action of lidocaine in PNB. It is usually used either in distal
infiltration blocks (fingers, ankles) or in combination with various other LAs to determine whether it
accelerates the speed of action. Almasti et al. compared the onset speed of lidocaine and bupivacaine
at different concentrations in axillary and supraclavicular nerve plexus blocks in their study. Using a
fixed amount of 0.4 ml/kg, it was found that 0.66% lidocaine, without combining it with other LAs,
has a speed of onset of 13.0 + 1.02 minutes [17].

Gamal M et al, using a 1:1 mixture of 0.5% bupivacaine and 2% lidocaine in supraclavicular
nerve blocks and measuring changes with a thermographic camera in the relevant areas of the hand,
found that a significant increase in temperature was observed in virtually all nerves after 15 minutes
meaning that in all cases, a successful nerve block could be assessed after 15 minutes. In contrast,
sensory-motor blocks often occurred only around the 30-minute mark [18]. Asghar S. et al studied
thermographic changes after infraclavicular axillary nerve block and found that if the temperature
between the 2nd and 5th fingers of the hand was < 30°C 30 minutes after the block, this meant a failed
block in 100% of cases [19].

In our study we used Wilcoxon rank tests to determine at which point in time we could observe
statistically significant temperature changes. Choosing a significance level of a=0.05 or less, the
shortest time when the first statistically significant temperature changes appear is 15 minutes in the
lidocaine group, 15 minutes in the bupivacaine group, and 10 minutes in the ropivacaine group. It is
worth noting that in the lidocaine group, the a value was already very close to 0.05 (0.057) at 10
minutes. In terms of absolute temperature increase figures, the total temperature increase for
ropivacaine at 10 minutes will be 3.709°C compared to the pre-block temperature, for lidocaine at 10
minutes it will be 3.392°C, while bupivacaine will have the smallest increase, only 2.28°C at 10
minutes (3.72°C at 15 minutes). In short, our results correlate with those obtained by Gamal M et al.

In the acute fracture group, using Wilcoxon rank tests, assuming a significance level of a=0.05
or less, the shortest time when the first statistically significant changes appeared, was 25 minutes.
This is consistent with previous studies - the lower the initial temperature, the slower the temperature
increase, and in all cases of acute fractures, the initial temperature was 32°C or higher. Der Strasse et
al.,, using a thermographic camera for diagnosing acute bone fractures in a hospital emergency
department, found that in acute, combined lower leg fractures, the temperature difference between
the two legs can be as high as 4.5°C, which corresponds to the high skin temperature observed in our
study[20]. Since some starting temperatures were nearly 34°C or higher, the overall increase was
minimal and inconclusive, as the maximum temperature cannot surpass a human's core temperature
of 36.6°C.

To authors knowledge, this is the first study that explores how different local anesthetics affect
skin temperature changes and onset times in PNB when using the same nerve block, equipotent LA
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concentrations and evaluates the methods feasibility for detecting the PNB failure in acute bone
fractures. If this method will ever be adopted for regular clinical use, these are some of the most
important questions that need to answer beforehand.

5. Conclusions

The study found no clinically significant differences between skin temperature increases using
thermography and 3 different equipotent doses of LA.The rate of temperature increases when using
equipotent doses of local anesthetic is primarily determined by the initial temperature in the
anesthetized skin area (Due to this reason, for practical purposes, using this method for diagnosing
failed nerve blocks in acute bone fractures is not recommended as in this the initial vasodilation at
fracture sites is high leading to high starting temperature, therefore any increase in temperature is
comparatively small if any. Finally, after a nerve block at least 15 minutes should pass before
assessment of the block failure can be made using the local anesthetic concentrations used in our
study.
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The following abbreviations are used in this manuscript:

SC Slope coefficent

PNB peripheral nerve block
LA local anesthetic

RA regional anesthesia
P/o per os
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Appendix A

Appendix A.1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion criteria

Surgery for the distal part of the lower leg Patients refusal

Age 18-65 Repeated surgery on lower extremity
Body Mass Index 23-38 Nerve damage (trauma or other)

Decompensated diabetes (HbA1C > 8.5%)

Peripheral artery disease (Fontaine 2 or above)

Local infection in the region of surgery

Patients with sepsis

Bodyweight under 50 kilograms

Chronic kidney insufficiency 3B or higher degree

Appendix A2. Table Shows Linear Regression Models for all 3 of the Local Anesthetics Groups

Free member Slope coefficent R2
Lidocaine  28.46"* 0.178* 0.94***
Bupivacine =~ 28.74™* 0.162*** 0.926*
Ropivacaine ~ 28.53" 0.194"* 0.879"
Lidocaine, till 25th minute ~ 27-73"" 0.246" 0.968™**
Bupivacine, till 25th minute ~ 27.94™* 0.234* 0.986"*
Ropivacine, till 25th minute  27.24*** 0.315™ 0.967

This table shows R squared values and slope coefficients for all elective patient cohort. Additionally, on
the lower part results only till the 25th minute were analyzed and showed much steeper slope coefficients with
higher R squared values.
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Appendix A3. Linear Regression Models for Different Local Anesthetics up till 45 Minutes
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Appendix A4. Linear Regression Models for Different Local Anesthetics up till the 25th Minute
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Appendix A5. Wilxocon Range for Test Elective Patient Cohort
Grupa 0 5 10 15 20 25 30 35 40 45
L 0419 0198 0057 0013 0003  0.001 0000 0000 0000 0000
B 0650 0570 0200 0026 0003 0002 0.001 0.001 0.001 0.001
R 0939  035% 0010 0002 0001 0.000 0000 0000 0000 0000

Group : L - lidocaine, B- bupivacaine, R - Ropivacaine.

The upper line represents time in minutes after nerve block, where 0 is the first minute right after and 45
- 46th minute after nerve block. The rest of numbers represent a values.

Taking a significance level of a=0.05 or less, the shortest time when the first statistically
significant changes appear in  the lidocaine group is 15 minutes, in the bupivacaine group - 15
minutes, and in the ropivacaine group - 10 minutes.

Appendix A6. Temperature Changes in Absolute Numbers Over Time

Grupa 0 5 10 15 20 25 30 3 40 45
L 0.825 1.267 1.300 1.833 0.475 0.858 0.800 0.550 0.275 0.217
B 0.380 1.040 0.860 1.440 1.460 0.730 0.480 0.310 0.240 0.160
R -0.177 1.369 2523 1.577 0.931 1.000 0.538 0.354 0.038 0.200

Group : L - lidocaine, B- bupivacaine, R - Ropivacaine. The upper line represents time in minutes after nerve
block, where 0 is the first minute right after and 45 - 46th minute after nerve block. The rest of numbers
represent absolute temperature increase in degrees.

This table shows absolute increase in temperature every 5 minutes, starting from 0 as the first
minute after nerve block. Le. in Lidocaine group at 0 (first minute) skin temperature increased by

0.825°C, at 5(6minutes) - for additional 1.267°C, in total summary increase during this time is
2.092°C.

Appendix A7. Wilcoxon Range Tests for Acute Bone Fracture Group

0 5 10 15 20 25 30 35 40 45

1 0.426 0.1 0.09 0.058 0.024 0.016 0.012 0.009 0.008

The upper line represents time in minutes after nerve block, where 0 is the first minute right after and 45
- 46th minute after nerve block.
Statistically significant changes ( «=0.05 or less) can be seen after 25th minute.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Appendix A8. Rate of Skin Temperature Changes, Based on the Initial Temperature
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Skin temperature before nerve block °C

This graph shows how initial skin temperature influences the speed of subsequent temperature
increase after nerve block. Each black dot represents a single case from our study.
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