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Artificial-coloring in ultrasound-guided regional anesthesia
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Summary

Objectives: Ultrasonography (US) is an important visualization technique in regional anesthesia. Increasing in quality of im-
ages may lead to better conclusions. Our aim in this study was to evaluate the effect of artificial-coloring on image quality and 
practitioner’s preferences.
Methods: Ultrasound images of five block regions, interscalene, supraclavicular, infraclavicular, femoral, and popliteal were 
taken on a volunteer using gray scale. Then, the images were colored in seven different color scales using artificial-coloring 
technique. All participants were asked to fill in the structured questionnaire.
Results: All created images were assessed by three specialist and 14 resident anesthesiologists. The highest scores about 
nerve recognition, distinguishing nerve from surrounding tissues, and visual clarity of fascicles were obtained with blue scale 
images; however, these findings were not significant compared to gray scale (p>0.05). Blue scale was chosen as a favorite scale 
by 53% of participants.
Conclusion: Increasing the image quality and resolution while performing regional anesthesia under ultrasound guidance 
increases success and reduces complications. Artificial-coloring is one of the adjustments that can improve image quality. In 
our study, the results of coloring with blue were remarkable. However, more importantly than the color chosen, we believe 
that routine adjustments such as gain, depth, and focusing will bring important advantages.
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Özet

Amaç: Ultrasonografi bölgesel anestezi sırasında kullanılan önemli bir görüntüleme tekniğidir. Görüntü kalitesinin artması 
sonuçları iyileştirir. Bu çalışmanın amacı, yapay renklendirmenin görüntü kalitesine ve uygulayıcı seçimlerine etkisini değer-
lendirmektir.
Gereç ve Yöntem: İnterskalen, supraklaviküler, infraklaviküler, femoral ve popliteal bölge olmak üzere beş blok bölgesine ait 
ultrasonografi görüntüleri gri skalada alındı. Takiben görüntüler yapay renklendirme kullanılarak yedi farklı renge çevrilerek 
katılımcılar tarafından yapılandırılmış anket kullanılarak değerlendirildi.
Bulgular: Görüntüler üç uzman ve 14 araştırma görevlisi tarafından değerlendirildi. Sinirin tanınması, çevre dokudan ayırt 
edilebilmesi ve fasiküllerin görülmesinin netliği hakkında en yüksek skor mavi skalayla oldu. Ancak bulgular gri skaladan ista-
tistiksel olarak farklı değildi (p>0,05). Mavi skala katılımcıların %53’ü tarafından favori renk olarak tercih edildi.
Sonuç: Ultrason eşliğinde bölgesel anestezi yapılırken görüntü kalitesi ve çözünürlüğün artması başarıyı artırır, komplikas-
yonları azaltır. Yapay renklendirme görüntü kalitesini artırabilecek ayarlamalardan biridir. Çalışmamızda mavi renk ile renk-
lendirmenin sonuçları dikkat çekiciydi. Ancak, seçilen renkten daha önemlisi bu ayarın kazanç, derinlik ve odaklama gibi rutin 
yapılmasının önemli avantajları da beraberinde getireceği kanaatindeyiz.

Anahtar sözcükler: Yapay renklendirme; bölgesel anestezi; ultrasonografi.

Introduction
Real-time ultrasonography (US) has become an 
important and an essential part of regional anes-
thesia and increasingly of pain management prac-
tice.[1] Limited interventional block procedures 

previously performed using blind techniques and 
anatomical landmarks, rapidly progressed, and be-
came widespread and diversified after the use of 
US due to increased success rate of blocks with de-
creased rate of complication all of which resulted 
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in increased satisfaction of patients and surgeons.
[2] The basis of these important benefits of US lies 
in the dynamic visibility of anatomy of target tis-
sue and surrounding structures and also real-time 
visibility of needle movements and injected sub-
stance distribution.[1–4]

Continuing research still increases the advantages 
of US and has clearer and better definable images. 
The use of 3D and 4D US techniques in regional 
anesthesia has been reported in recent studies.[5–7] 
However, these modalities are technically hard to 
apply and costly, besides the need of a high level 
of expertise. Artificial-coloring is one of these tech-
niques and is considered to be filtering the color 
of ultrasound image. The resolution of the human 
eye in color vision is higher than in black and white. 
Therefore, it may make sense to view ultrasono-
graphic images in different colors. However, this is 
highly dependent on the practitioner’s adaptation 
to a color scheme.[8] Ault et al.[9] stated that expe-
rienced ultrasound users who already get used to 
black and white images preferred gray scale, while 
less experienced practitioners rather had a tenden-
cy toward color images.

The aim of this study was to evaluate the effect of 
artificial-coloring technique on image quality during 
US-guided peripheral nerve blocking and practitio-
ner’s preferences.

Material and Methods

This study was planned as a small group study follow-
ing Institutional Review Board and Ethics Committee 
approval of Baskent University Faculty of Medicine 
(project no: KA16/289). Initially, five most commonly 
performed peripheral nerve blocks in the clinic were 
determined as interscalene, supraclavicular, infracla-
vicular, femoral, and popliteal blocks. US images of 
these five regions were taken on a volunteer using 
gray scale. The same device was used to obtain all 
the images (Esaote MyLabTM30, Genoa, Italy). Suit-

Figure 1.	Artificial-color scales used in presentation (Examples illustrate interscalene region and arrows presents interscalene groove).

Table 1.	 Questions asked of participants about the 
images

1.	 I clearly recognized the nerve
2.	 I was able to clearly distinguish nerves from 
	 surrounding tissues
3.	 I was able to separate the fascicles clearly
4.	 Image is more descriptive than gray scale
5.	 I prefer this color when blocking

Table 2.	 Likert’s scale

1.	 Strongly disagree
2.	 Disagree
3.	 Neither agree nor disagree
4.	 Agree
5.	 Strongly agree
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ability of the images was verified by three special-
ists’ who have experienced in US-guided regional 
anesthesia (UGRA). Then, the images were colored in 
seven different color scales using artificial-coloring 
technique as gray, orange, indigo, magenta, blue, 
yellow, and Red-Green-Blue (RGB) (Fig. 1).

A brief information about the method was given to 
all the participants and they evaluated the images 
in the same order. Anatomical structures for each 
block were explained to the participants on the gray 
scale images that they were familiar with. Partici-

pants were, then, shown color images and asked five 
questions about anatomical structures for each of 
the seven different color images, including the gray 
scale (Table 1).

Seven different colors were assessed for each block. 
Responses were categorized according to the five 
point Likert’s scale (Table 2). There was no time re-
striction for the evaluation of the participants. Par-
ticipants were released to change the images as they 
wish forward or backward. Finally, favorite colors in 
the study were asked to each participant.

Table 3.	 Answers of each questions for each block and different colors (Mean±SD)

		  Gray	 Blue	 Indigo	 Magenta	 Orange	 Yellow	 RGB

Question 1
	 Interscalene	 4.3±0.8	 4.5±0.5	 2.6±1.2	 3.4±0.7	 3.9±1.0	 4.0±0.6	 1.9±0.8
	 Supraclavicular	 4.5±0.8	 4.4±0.5	 2.9±0.9	 3.4±0.9	 4.2±0.6	 4.1±0.7	 2.2±1.0
	 Infraclavicular	 4.2±0.9	 4.5±0.5	 2.9±1.0	 3.5±0.6	 3.9±0.9	 4.0±0.7	 1.8±1.0
	 Femoral	 4.2±0.7	 4.4±0.6	 2.9±1.1	 3.2±0.8	 3.9±0.8	 3.8±0.8	 1.9±0.9
	 Popliteal	 4.1±0.9	 4.2±0.7	 2.7±0.9	 3.1±0.9	 3.7±0.8	 4.1±0.7	 2.1±1.0
Question 2
	 Interscalene	 4.0±0.9	 4.3±0.7	 2.2±0.9	 2.9±0.7	 3.3±1.3	 3.7±0.8	 1.6±0.6
	 Supraclavicular	 4.1±0.8	 3.9±0.9	 2.4±0.8	 2.9±1.0	 3.6±0.8	 3.6±0.9	 1.8±0.7
	 Infraclavicular	 3.9±1.0	 4.2±0.7	 2.5±0.8	 3.1±0.7	 3.5±1.2	 3.5±0.9	 1.6±0.9
	 Femoral	 3.9±0.9	 4.2±0.7	 2.5±0.9	 2.9±0.8	 3.9±1.0	 3.5±0.9	 1.6±0.7
	 Popliteal	 3.9±0.9	 3.9±0.8	 2.4±0.8	 2.6±0.9	 3.4±1.0	 3.5±0.7	 1.6±0.7
Question 3
	 Interscalene	 3.4±1.1	 3.6±1.1	 2.1±1.1	 2.6±0.9	 3.0±1.5	 3.2±1.0	 1.6±0.6
	 Supraclavicular	 3.9±1.0	 3.9±0.9	 2.5±1.1	 2.8±1.0	 3.6±0.8	 3.7±0.9	 1.8±0.8
	 Infraclavicular	 3.3±1.1	 3.8±1.0	 2.1±0.7	 2.8±0.7	 3.2±1.2	 3.2±0.8	 1.5±0.8
	 Femoral	 3.8±1.0	 3.9±0.8	 2.1±0.7	 2.8±0.8	 3.5±1.1	 3.4±0.9	 1.6±0.7
	 Popliteal	 3.9±1.1	 3.9±1.0	 2.3±0.9	 2.7±0.9	 3.3±0.8	 3.6±0.9	 1.5±0.5
Question 4
	 Interscalene	 –	 3.4±0.8	 1.5±0.6	 2.0±0.8	 2.6±1.0	 3.1±0.8	 1.4±0.5
	 Supraclavicular	 –	 3.8±0.8	 1.9±1.0	 2.3±1.0	 3.2±1.0	 3.1±0.9	 1.4±0.7
	 Infraclavicular	 –	 3.7±0.7	 1.7±0.7	 2.2±0.9	 2.8±1.2	 2.9±0.9	 1.3±0.6
	 Femoral	 –	 3.9±0.7	 1.9±0.7	 2.3±1.0	 3.1±1.1	 3.1±0.9	 1.6±0.8
	 Popliteal	 –	 3.8±1.0	 1.9±1.0	 2.2±1.0	 2.9±0.9	 2.9±0.9	 1.3±0.5
Question 5
	 Interscalene	 4.1±0.9	 3.7±0.9	 1.5±0.7	 1.9±1.0	 2.6±1.4	 3.1±1.0	 1.3±0.5
	 Supraclavicular	 4.4±0.7	 3.9±0.6	 2.1±1.1	 2.2±1.0	 3.3±1.0	 3.1±1.1	 1.5±0.8
	 Infraclavicular	 4.0±0.9	 3.7±0.7	 1.7±0.7	 2.3±0.8	 3.1±1.3	 3.1±1.0	 1.4±0.8
	 Femoral	 4.1±0.7	 4.1±0.7	 2.0±1.0	 2.5±1.1	 3.1±1.1	 3.3±0.9	 1.5±0.7
	 Popliteal	 4.1±0.9	 3.8±1.0	 1.9±0.9	 2.3±1.0	 3.0±0.9	 3.2±1.0	 1.5±0.8

SD: Standard deviation; RGB: Red-Green-Blue.
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The presence of color blindness and lack of experi-
ence on UGRA was accepted as exclusion criteria 
from the study.

Statistical Analysis
SPSS for Windows 17.0 (SPSS Inc, Chicago, Ill) was 
used for statistical analysis. Intergroup comparison 
of data was done using paired t-test. Values are pre-
sented as mean±SD. p<0.05 was considered statisti-
cally significant.

Results
The resulting images were presented to three special-
ist and 14 resident anesthesiologists who had expe-
rience in UGRA. The average age of the participants 
was 31.5±4.4 years (25–44 years) and duration of ex-
perience in anesthesia was 5.1±4.9 years (2–20 years).

Averages and standard deviations of responses to 
each question, for each block and for each color, are 
presented in Table 3. Higher scores compared to gray 
scale were observed for all images only in blue scale.

The highest scores about nerve recognition, distin-
guishing nerve from surrounding tissues, and visual 
clarity of fascicles were obtained with blue scale im-
ages except for nerve recognition and separation of 
nerve from surrounding tissues for supraclavicular 
block image. However, these were not statistically 
significant (p>0.05). When generalized to all blocks 
for the first three questions, the highest scores were 
observed in the Blue scale, these differences were not 
significant compared to gray scale (p>0.05, Table 4).

By the fourth question, it was asked whether the im-
ages were clearer compared to gray scale. Although 
positive answers were seen to this question in Blue 
scale, responses for other color images were ambiva-
lent or negative.

In the fifth question, the participants were asked 
which color they would prefer while making blocks. 
Interestingly, unlike the scores for images, the high-
est preference was determined to be gray scale. In 
fact, these participants pointed blue in the first three 
questions and also in their last election.

Finally, at the end of the study, after the presenta-
tion, the participants were asked about the color 
scale they liked most and least on seven scales. Of 
the 17 participants, 9 (53%) indicated the Blue scale 
as their favorite scale, and all (100%) stated the RGB 
scale as the worst scale.

Discussion

US has rapidly entered the medical field and has 
been widely used, thanks to its features such as be-
ing easily accessible, dynamically imaging soft tis-
sues, and having no known side effects. Despite its 
increasing use, especially in interventional proce-
dures, the desired level has not been reached yet. To-
day, US has been used with increasing momentum 
in all medical branches. It has a wide area of use in 
all interventional and diagnostic procedures, espe-
cially in vascular interventions and nerve blockades 
in anesthesiology and its sub-branches. In intensive 
care units, it can be used to evaluate the heart walls 
and great vessels, lung and other thoracic structures, 
airway, gastric volume and other abdominal struc-
tures by echocardiography, or it can guide central or 
peripheral vascular interventions. It can be used as a 
primary or supportive imaging method in the treat-
ment of pain and performing many blocks.[10,11]

In addition to the increasing number of applications 
performed with US, research on improving image 
quality is also increasing rapidly. Immediately after 
the development of new and modern equipment 

Table 4.	 Answers of each questions for different colors (Blocks are generalized) (Mean±SD)

	 Gray	 Orange	 Indigo	 Magenta	 Blue	 Yellow	 RGB

Question 1	 4.2±0.7	 3.9±0.7	 2.8±0.8	 3.3±0.7	 4.4±0.5	 4.0±0.6	 2.0±0.7
Question 2	 4.0±0.8	 3.5±0.8	 2.4±0.7	 2.9±0.7	 4.1±0.6	 3.6±0.7	 1.7±0.5
Question 3	 3.7±0.9	 3.3±0.9	 2.2±0.7	 2.8±0.7	 3.9±0.8	 3.4±0.8	 1.6±0.5
Question 4	 –	 2.9±0.8	 1.8±0.6	 2.2±0.8	 3.7±0.6	 3.0±0.6	 1.4±0.4
Question 5	 4.1±0.7	 3.0±0.9	 1.9±0.7	 2.2±0.8	 3.8±0.6	 3.1±0.8	 1.4±0.5

SD: Standard deviation; RGB: Red-Green-Blue.
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such as 3D, 4D, or high-resolution 3D devices, re-
searches on the use of these devices in regional anes-
thesia procedures have emerged and positive results 
have been reported. On the other hand, it seems that 
it will take some time for these techniques to be used 
routinely due to the high cost of these devices.[1,3,5–7] 
However, the higher resolution of the human eye in 
color vision has led researchers to seek new ways 
to obtain better images in many imaging methods. 
Coloring in imaging processes is done for reasons 
such as improving image quality, clearly defining the 
boundaries of the targeted tissue, or determining 
functional properties. Narrow-band imaging dur-
ing gastrointestinal endoscopy, elastography dur-
ing USG examination, and diffusion mapping during 
magnetic resonance can be examples of these.[12–14]

While performing US, the image should be optimized 
by making some changes on the device depending 
on the characteristics of the tissue to be examined. In 
this way, diagnosis or intervention can be performed 
more successfully. Depth, focus, gain, and color are 
some of these parameters that need to be adjusted.
[8] While the first three of the aforementioned are fre-
quently adjusted during initiation of the US-guided 
procedures, color adjustment is often overlooked. In 
fact, for image optimization, it is important to make 
all settings sequentially depending on the character-
istics of the devices. However, in daily practice, some 
potentially useful settings are overlooked due to the 
inability to abandon routine habits and the ease of 
use provided by preset presets. In this study, we in-
vestigated the effect of coloring ultrasound images 
of different nerve blocks with color scales on practi-
tioner preferences. The results showed that images 
colored with blue were mostly preferred by all par-
ticipants of this study for all blocks in our study.

For high success rates, low complication rates, and 
low local anesthetic consumption, it is very impor-
tant to see the nerve clearly and to separate the nerve 
from the surrounding tissue easily when performing 
UGRA.[1–4] To achieve the best image optimization in 
US, it is essential to make some dynamic changes to 
the settings and appropriate changes can only be 
achieved with experience. Artificial-coloring is one of 
the modalities of US to be used for better images. Al-
though a lot of research has been done to get a bet-
ter image during UGRA, as far as we know, there are 

no studies on artificial-coloring. In our study, two of 
the seven colors, gray and especially blue, were the 
most preferred. It was determined that the most clear 
identification of the nerve tissue and its separation 
from the surrounding structures can be achieved, es-
pecially with blue coloring. As mentioned earlier, pref-
erence for gray scale may be related to habits, more 
preference for a new color should increase awareness 
for these adjustments. Blue color may have come to 
the fore in this study, but it should be kept in mind 
that there may be individual differences. Therefore, 
these settings need to be made individually.

We asked the participants what color scale they liked 
the most among the images shown. While more 
than half of the participants (n=9, 53%) preferred the 
blue scale, only four participants (24%) preferred the 
gray color they routinely use. Unlike the scoring, the 
participants answered being asked the scale they 
preferred chose gray scale. We think that this dif-
ference may be due to two main reasons. First, the 
gray scale is the most known and used scale in daily 
practice, and therefore, it is the most preferred, and 
second, because the first demo was shown in gray 
scale, it may have provided familiarity with those 
images. Both of these explain the habitual behavior 
mentioned before. However, an overall assessment 
indicates that blue scale images have better visual 
clarity both during the initial assessment and at the 
end of the process in our study.

There are some limitations in our study. The images 
were prepared by the designers of the study, be-
cause the participants could not adjust the device 
settings according to their own preferences, their 
eye familiarity may have changed. Since the images 
are only shown as images, dynamic evaluation could 
not be made. This may have affected the individual 
concentrations of the participants. We did not evalu-
ate individuals’ visual impairments other than color 
blindness, but we allowed people to wear the glass-
es they wear in daily life. Moreover, we only used the 
five most commonly used blocks.

Artificial-coloring is one of the important part of ul-
trasound settings to adjust. Artificial-coloring with 
different colors may improve or worsen the image op-
timization of nerves and surrounding structures dur-
ing ultrasound-guided regional anesthesia. We think 
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that, clearer images can be obtained if it becomes 
part of the routine setting when using ultrasound, 
such as gain, depth or focus. This can help increase 
the security and quality of the blocks. However, this 
analysis should be done separately for each brand, as 
the coloring features may vary for each device.
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