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ABSTRACT

Ultrasound imaging remains one of the widespread diagnostic imaging tools. The commer-
cial coupling gel for ultrasound imaging is quite expensive and not readily available in de-
veloping countries. However, shea butter, which is abundant locally and affordable, has
suitable acoustic properties that makes it worthwhile for consideration as a coupling agent.
Thus, shea butter was investigated alternate coupling medium for ultrasound imaging. In
the study, ultrasound images were acquired using commercially available gel and shea but-
ter. The image quality assessment of the images obtained using the gel (reference sample)
and shea butter (reference sample) were performed using mean pixel intensity, mean square
error (MSE), peak signal to noise ratio (PSNR) and structural similarity index matrix
(SSIM) as image quality metrics. The resulting computed values of the MSE, PSNR and
SSIM were respectively 40.1283 + 20.4941, 32.7450 + 2.5722 and 0.5934 + 0.1035 (mean +
standard deviation). The ranges of these metrics indicate that the images captured using gel
and shea butter as couplants were comparable and supported the hypothesis that shea butter
could be used as an ultrasound couplant. Using the Mann Whitney U test as a test of sig-
nificance with a-value set at 0.05, there was no significant difference in the mean pixel in-
tensities between the two set of images. This inference further buttressed the proposition
that shea butter could be used as an alternate coupling medium for ultrasound imaging.

1. INTRODUCTION

Medical ultrasound imaging remains invariably one of the commonest diagnostic imaging technique
in hospitals and clinics [1]. The ubiquitous nature of ultrasound imaging has been attributed to its safety,
good visualization and flexibility. It has been applied in obstetrics, breasts, genitourinary, musculoskeletal,
pelvic and abdominal examinations [2, 3]. This imaging modality uses high-frequency sound waves and
the acoustic properties of body tissues to visualize internal structures of the human body [4]. Due to the
fact that ultrasound images can be captured in real-time, the versatility of the imaging method is extended
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to capture both stationary and dynamic images of body organs [5].

During ultrasound imaging, a pulse of ultrasound is transmitted from an ultrasound transducer
transverses body tissues of different acoustic properties, with a fraction of the ultrasound reflected as an
echo. Ultrasound images are then generated from the acquisition and subsequent manipulation of the
echoes over time. Image quality is dependent on the acoustic properties of tissues and intensity of ultra-
sound energy transmitted through the tissues. As ultrasound moves from one medium to another, there is
maximum transmission of ultrasound energy if the media have approximately equal acoustic impedances
[6]. On the contrary, a greater disparity in the impedance at the boundary between two media causes a
tremendous reflection of ultrasound and consequently reducing the intensity of the ultrasound transmit-
ted. The existence of an air layer between an ultrasound probe and skin creates an impedance mismatch at
the skin-probe interface [7]. This mismatch can result in more than 99% reflection of ultrasound by air
[8]. The fraction of transmitted ultrasound energy therefore is incapable of generating images of targeted
organs. To minimize the mismatch and consequently enhance the transmission of ultrasound, a suitable
coupling medium such as gel is applied on the skin prior to imaging to eliminate the air layer and improve
impedance synergy. The exclusion of air by the coupling medium ensures maximum transmission of ul-
trasonic energy from transducers to test specimens and subsequently improve the quality of ultrasound
images. A suitable coupling medium must be moderately viscous stay in place between the skin and probe.
Additionally, the acoustic impedance of the coupling agent must match that of the interface tissue to per-
mit maximum transmission of ultrasound energy, with negligible attenuation [7].

Commercially available ultrasound gel is the most commonly used coupling medium [9]. However, in
Ghana and other parts of Africa, this gel is imported. Thus, the cost and availability of ultrasound gel in
rural and deprived communities imposes significant constraints on the number and quality of scans avail-
able to clinicians even in settings with reliable working ultrasound scanners. More so, most medical scans
and examinations are delayed due to the unavailability of ultrasound gel as a result of constant importa-
tion of the gel in most developing countries. The cost of Aquasonic commercial gel is about $50 per bottle
of 5 litres (Bio-Medical Instruments Inc, USA). The gel is even sold at higher prices locally due to the in-
clusion of import duties and profits of local vendors. Though this amount can be considered low in the
developed countries, it is relatively expensive in many developing countries, where many live below the
poverty line. This cost is invariably transferred to patients patronizing health facilities. Furthermore, some
medical establishments tend to manage their scarcely available coupling media by utilizing them in inade-
quately small amounts and thus compromising quality scans for gel conservation. This development is
alarming due to the high morbidity and mortality in obstetric and trauma cases reported in deprived
communities, where ultrasound imaging has been extremely useful in-patient treatment and management
[10, 11].

Some researchers have explored the possibility of making coupling agents from local materials or as-
sessed different local materials for their suitability as coupling media [10, 12]. Honey and shea butter were
studied to evaluate their appropriateness for therapeutic ultrasound [13]. The transmissivity data for shea
butter was promising.

Shea butter is derived from the processing nuts of shea trees ( Vitellaria paradoxa) and has a myriad of
applications including food, medicine and cosmetics [14, 15]. It has been used as edible oil and as a sub-
stitute of cocoa butter in chocolate products [16]. Further, shea butter, which has both anti-tumor and
anti-inflammatory effects [17], presents itself as a potent moisturizer for patients suffering from atopic
dermatitis [18].

Shea butter, which is abundant in West Africa [19], is biocompatible, viscous at normal body tem-
perature and has acoustic impedance closer to that of skin [14, 15, 20]. These attributes, among others,
make shea butter a viable candidate as a couplant for ultrasound imaging. The acoustic impedance of shea
butter, Z,.,, calculated by the product of the density of shea butter (=910 kg/m’) and speed of sound in
shea butter (=1450 m/s) [21] which gives 1.32 x 10° rayl. Given the acoustic impedance of the skin, Z, is
1.99 x 10° rayl, the reflection coefficient, R, can be derived from Equation (1) [2].
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Equation (1) yields a reflection coefficient of 0.04. This implies that shea butter will allow up to 96%
of ultrasonic energy to be transmitted into the body, which is sufficiently high to generate quality images
for diagnosis.

In the attempt to find locally accessible alternative to the commercial gels, we investigated shea butter
as an alternative coupling medium. We explored the properties of shea butter as a coupling medium,
acoustic properties of shea butter and investigated its applicability as an alternate coupling agent based on
image quality assessment indices. Images acquired using shea butter and commercial gel as couplants were
compared using statistical measures.

2. METHODOLOGY
2.1. Procedure

Nine male students volunteered to participate in the study as subjects. Their ages were in the range 21 -
25 years (mean of 23). The purpose of the study and all research-related information were duly explained
to the participants and their signed informed consent were obtained. The study was also given approval by
the Ethics Review Committee of the Kwame Nkrumah University of Science and Technology, Ghana.
With the help of qualified sonographers at the University Hospital, Kwame Nkrumah University of Sci-
ence and Technology (Kumasi, Ghana) ultrasound images of the spleen, kidney, thyroid and gall bladder
of participants were captured using hypoallergenic ultrasound gel (Microtech Medical, UK) and shea but-
ter (from the local market, Kumasi, Ghana) as coupling media under the same room conditions. Only one
couplant was used at a time. The sonographers were careful to ensure that the same organ was imaged
twice with ultrasound gel and shea butter, respectively, while the subject laid in supine position on an ul-
trasound examination table. The ultrasound probe and area of contact of the couplant with the skin were
thoroughly cleaned after each scan. The ultrasound machine, Philips ClearVue 350, was employed in the
acquisition of the images for the study. For each participant, four (4) or five (5) pairs of images were cap-
tured. In all, a total of forty pairs of images were acquired for further analysis.

2.2. Treatment of Data

Soft copies of the ultrasound images acquired using commercial gel and shea butter by the ultrasound
machine were retrieved and processed in MATLAB (MathWorks Inc., United States) to compute mean
pixel intensity, mean square error (MSE), peak signal to noise ratio (PSNR) and structural similarity index
matrix (SSIM). These metrics served as the indices for the comparison of the two types of images and were
calculated according to Equations (2) to (5) [22, 23].

Mean pixel intensity =

gMﬁ

() @
MSE = —— fﬁ(x( 7)=y(i.)) (3)
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where,
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M = number of pixels in the horizontal direction
N=number of pixels in the vertical direction
x(i,j) =reference image
yli,j) =testimage

MaxI® = maximum pixel value

The calculated measures served as indices for an objective assessment of image quality acquired using
the different couplants. Other statistical information and graphs were derived using Excel (Microsoft) data
analysis toolbox and Origin 8 (OriginLab Corporation, United States). A Mann-Whitney U (calculated
using Equation (6)) test was also used to determine whether the mean image pixel intensities vary signifi-
cantly between the sample pairs, with alpha (a) set at 0.05.

U =min(U,,U, ) (6)
where
1
U, =nn, -k@—RI
1
U, =nn, —k@—R2

R, =sum of rank for gel
R, =sum of rank for shea butter
n, =n, =number of samples = 40

3. RESULTS AND DISCUSSION

Quality medical images are important for diagnosis, treatment, management and monitoring of dis-
eases and trauma. However, images acquired through medical imaging techniques prone to distortion
from artifacts that can mask significant features in images. Artifacts may arise from the real source and
processing steps [24]. There exist numerous algorithms to remove or minimize artifacts in the processing
stages [25-27]. Therefore, in order to capture quality images for medical analysis, the real source must be
thoroughly prepared prior to image acquisition. Application of a couplant preceding ultrasound imaging is
thus an important stage.

In this study, images acquired were evaluated by objective assessment of image quality. We analysed
the mathematical deviations between the referenced images (with ultrasound gel) and the test images (with
shea butter) by calculating the mean pixel intensities, MSE, PSNR and SSIM between images using gel and
shea butter as couplants respectively. MSE, PSNR and SSIM are widely used statistical measures in image
quality evaluation describe the level of similarity between images [22, 23, 28].

The ultrasound images of various organs (gall bladder, kidney, thyroid, spleen and liver) taken using
gel and shea butter are displayed in Figure 1.

The mean pixel intensity represents the contribution of all the pixels in an image. A higher value in-
dicates a better image contrast [22]. As evident from Figure 2, there exists some level of variation in the
mean pixel intensities between the images captured using gel and shea butter as computed and obtained
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from MATLAB. Clearly, the images acquired shea butter had greater mean pixel intensities compared to
that of obtained with ultrasound gel. Whether these differences are significant or not, requires a test of
significance to determine.

Figure 1. Images taken using gel (left) and shea butter (right): (a) gall bladder taken
with gel, (b) gall bladder taken with shea butter, (c) kidneys (left and right sides)
taken with gel, (d) kidneys (left and right sides) taken with shea butter (e) thyroid
taken with gel, (f) thyroid taken with shea butter, (g) liver taken with gel, (h) liver
taken with shea butter, i) spleen taken with gel, (j) spleen taken with shea butter.
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Figure 2. Mean pixel intensities of images.

Mean square error (MSE) and peak signal to noise ratio (PSNR) are considered excellent measures in
optimization applications in image quality evaluation when comparing images [23, 29]. MSE is a disper-
sion metric that measures the difference between a reference image (with gel) and a test image (with shea
butter). However, these metrics do not sufficiently predict how well the distortion between the two images
can be seen especially images with large luminance variations [30]. This limitation was catered for by the
introduction of structural similarity index metric (SSIM). SSIM provides a better approximation of per-
ceived image distortion and can be applied to assess the quality of any image [22].

The statistics obtained from the mean pixel intensities (PI), MSE, PSNR and SSIM values from the ul-
trasound images have been tabulated in Table 1. An MSE score lies in the interval of 0 to °°. If the calcu-
lated MSE index approaches <o, the difference between the images is considered huge. When the MSE
score is low, it depicts a small difference between the images compared and a high visual quality [31]. The
mean MSE was found to be 40.1283 and was subsequently considered low enough to represent a high level
of similarity between the images acquired using the commercial gel and shea butter respectively. A PSNR
value, which reveals the distortion present between the sample images, derives from the MSE (Equation
(4)). The PSNR values computed were in the standard range of 30 - 40 dB [22]. The PSNR value of 32.7450
* 2.5722, lies in the standard PSNR range and signifies less distortion between image samples. However,
the greater the value of PSNR in the standard range (30 - 40 dB), the better the image quality [22]. For
better clinical diagnosis, PSNR index of 35 dB is recommended [32].

SSIM sheds lights on how well the perceived structural information can be obtained from an image.
The SSIM values lies in the interval of -1 to 1, with the best value being 1 [33]. With a mean SSIM value of
0.59305, higher than the average, corroborates that the perceived structural information can be obtained
from the image samples.

The difference between averaged mean pixel intensities for ultrasound gel and shea butter was 4.0557
(Table 1). However, the absolute value of this difference is not enough to sufficiently conclude whether
the two sets of images differ significantly. Moreover, the differences may be due to factors other than the
couplants, such as bowel movements and cleaning of probe. Therefore, we employed the Mann-Whitney
U'test as a test of significance to verify if the difference deduced was significant or not. The Mann-Whitney
U test, a nonparametric equivalent of student’s t-test, allows two populations to be compared without
making the assumption that the values obtained are normally distributed [34]. The mean pixel intensities
obtained for the images using ultrasound gel and shea butter represent the Utest datafor comparison.
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Table 1. Statistical measures.

Statistic Mean PI (Gel) Mean PI (Shea butter) MSE PSNR (dB) SSIM
Mean 41.9783 46.0340 40.1283 32.7450 0.5934
Standard Error 2.2023 2.9341 3.2404 0.4067 0.0164
Standard Deviation 13.9285 18.5560 20.4941 2.5722 0.1035
Sample Variance 194.0043 344.3234 420.0082 6.6162 0.0107

The null hypothesis is that there is no significant difference between the mean pixel intensities of the
images acquired using gel and shea butter as coupling agents. The alternative hypothesis stipulates that
mean pixel intensities for the images obtained using gel differs significantly from the mean pixel intensity
distribution for images acquired using shea butter as couplant. For the computed Mann-Whitney U of
696, a z-score of —0.99593 corresponding to a p-value of 0.31732 was obtained. Since, the p-value was
greater than the set a-value of 0.05, the null hypothesis cannot be rejected with a significance level of 0.95.
This clearly indicates that there is no significant difference between the two mean pixel intensities with a
95% confidence level. Thus, shea butter, which is readily available and cost effective could be used as an
alternate coupling medium for ultrasound imaging.

It is worth noting that none of the subjects complained of any allergic reaction to any other couplants
during the study.

4. CONCLUSION

In this study, we set out to investigate the suitability of shea butter as a coupling medium for ultra-
sound imaging due to the fact that conventional gel is quite expensive and not readily available locally. The
low cost, abundance and physico-chemical properties of shea butter make it adaptable for high transitivity
of ultrasound emission to internal organs to be imaged. Subsequently, ultrasound images of internal or-
gans were captured using shea butter as an alternative to the commercial gel. Comparing the quality of the
set of ultrasound images obtained using gel (reference) and shea butter as coupling agents, the MSE, PSNR
and SSIM scores proved that the quality of shea butter images was of acceptable quality. More so, the
Mann Whitney U test proved that there is no significant difference between the mean pixel intensities of
the set of images acquired using gel and shea butter. Thus, shea butter could be employed as a substitute to
commercial gel for ultrasound imaging though further research is required to assess the optimal condi-
tions for the application of shea butter as a couplant.
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