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Abstract  

Background:  Foot ulcer is a serious complication of  
diabetes which can cause patient disability. High plantar  
pressure is one of the risk factors for ulcer formation. Pedal  

Soft Tissue (PST) thickness is essential in keeping its cush-
ioning effect. Atrophy of PST leads to increase in the plantar  

pressure, which subsequently leads to ischemia and ulceration.  

Aim of Study:  To compare the PST thickness opposite the  
Metatarsal Heads (MTHs) in diabetic patients with and without  
peripheral neuropathy using Ultrasound (US) as an easy,  

available, and non-invasive tool.  

Material and Methods:  We examined the feet (n=96) of  
48 diabetic patients using high-frequency US imaging (10- 
13MHz). We divided the patients into 2 groups. The first  

group included 24 diabetic patients with peripheral neuropathy  

(mean age 56 ±6 years), and the second group included 24  
diabetic patients without peripheral neuropathy (mean age  

57±5 years). We measured and compared the vertical thickness  

of PST superficial to flexor tendons opposite all MTHs in  

between the 2 groups using independent-sample- t-test.  

Results:  There was statistically significant difference in  

mean PST thickness under all left MTHs (first 5 vs. 6.4;  

second 6.1 vs. 7.8; third 6.2 vs. 7.4; fourth 5.6 vs. 6.9; fifth  
4 vs. 5.7mm; p<0.05), and the first, second, third and fifth  
right MTHs (first 5.1 vs. 6.3; second 6.1 vs. 7.5; third 5.8 vs.  
7.3; fifth 4.4 vs. 5.9mm; p<0.05) between the first and second  
groups, respectively. Age, Body Mass Index (BMI) and sex  
had no significant effect on PST thickness in both groups.  

Conclusion:  Our study confirmed that US is effective,  

easy, available, harmless, low cost, non-invasive imaging tool  
that detects more PST atrophy in diabetic patients with pe-
ripheral neuropathy than that occurs in diabetic patients  

without peripheral neuropathy.  
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Introduction  

DIABETES  is considered a widespread public  
health problem. According to the International  
Diabetes Federation estimation, there were 451  

million diabetic patients (age range 18-99 years)  

worldwide in 2017 [1,2] . Diabetic Peripheral Neu-
ropathy (DPN) is the commonest cause of neurop-
athy all over the world. About half of diabetic  

patients are estimated to have DPN, and about  
10%-20% have severe symptoms that warrant  
treatment [3-6] .  

Understanding and early controlling the risk  
factors for neuropathy development is essential  
for successful treatment of diabetes and preventing  

DPN-related serious complications (ulcer, gangrene,  

and amputation) as well as social disease burden  

[7-10] . There is no specific treatment for DPN at  
present, therefore early prediction of its complica-
tions is of great significance. According to previous  

literature, ulcers can be reduced by 60% and am-
putations by about 85% with appropriate interven-
tions in high risk diabetic neuropathy patients [11- 
14] .  

High plantar pressure is one of the risk factors  
for foot ulcer formation which is a disabling con-
sequence of diabetes [15] . Pedal Soft Tissue (PST)  
thickness plays an important role in reduction of  

the plantar pressure by its cushioning effect, its  

atrophy results in high plantar pressure that causes  

ischemia with subsequent ulceration [16] . Aging  
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process and diabetes are the most common causes  

of PST atrophy in patients with diabetic foot ulcer-
ation. Several studies have demonstrated the de-
crease in PST thickness among diabetic patients  

by using pedobarography and F-scan mat systems  

[17-20] .  

Many researchers tried to reach effective meth-
ods that can compensate the PST atrophy, such as  

fat grafting and silicone injection. However, up  
till now there are no standards defining PST atrophy  
or guidelines for the required PST thickness using  

supplementation that can treat or prevent the de-
velopment of diabetic foot ulcers [17] .  

Ultrasound (US) has many advantages. US is  

widely available, quick, of low cost, lack ionizing  
radiation, better tolerated by the patient and can  
be performed when there is contraindication to  

Magnetic Resonance Imaging (MRI) in patients  
with metallic devices. In addition, US can be used  
to guide therapeutic interventions. Foot US is  

usually performed with a 13-17MHz linear array  
transducer. The major barrier for the use of US in  

assessment of the foot is due to limited experience  

with this technique and its normal anatomic sono-
graphic appearance [21,22] .  

On the other hand, MRI is not easily available  
and of high cost despite its good soft tissue char-
acterization. There are also limitations of MRI  
examination in patients with claustrophobia, me-
tallic device, un co-operative patients in addition  
to long examination time [21,22] .  

In the current study, high-frequency US imaging  
was used to measure the difference of PST thickness  

below the Metatarsal Heads (MTHs) between dia-
betic patients with and without peripheral neurop-
athy.  

Patients and Methods  

Approval of institutional board for the study  

and written informed consent from all participants  

were obtained. Our study was a prospective study  
conducted at Radiology Department-Mansoura  
University Hospitals. In the period from September  

2019 to March 2020, we assessed 48 diabetic  
patients (96 feet) referred from diabetic outpatient  

clinic, they were subdivided into 2 groups. Group  
I included 24 patients with DPN, and group II  

included 24 patients without peripheral neuropathy.  
Neuropathy was diagnosed on the basis of Vibration  
Perception Threshold (VPT) >25 volts on the tip  

of the hallux of both feet, using a neurothesiometer  

and loss of protective sensation on 10 grams mono-
filament test.  

Inclusion criteria:  

Patients aged >40 years, with ankle brachial  
index >0.9 were included in this study.  

Exclusion criteria:  

All diseases and variables other than diabetes  
which could affect PST thickness were excluded  

from the study. So, we excluded patients having  

osteomyelitis, soft tissue swelling and infections,  
callus formation, foot deformity, rheumatoid ar-
thritis, peripheral arterial disease and those with  

previous diabetic foot ulcers.  

Measurement of pedal soft tissue thickness:  

All patients' feet were examined with high  

frequency US linear probe (10-13MHz) using Logic  
P5 GE device (made in China). The patient lie  

supine with the plantar aspect of the foot facing  

examiner. The probe is placed longitudinally over  

the MTH which is known by its rounded echogenic  

cortex. The overlying flexor tendon is identified  

by its fibrillar echotexture. For accurate tendon  

delineation, the US beam should be perpendicular  

to its fibers with the probe positioned along the  

long axis of its fibers. Normal tendons appear as  

compact linear bands of echogenic tissue which  
contains fine mixed internal hyperechoic and hyp-
oechoic fibrillar echotexture. Then the vertical  

thickness of PST superficial to the tendons is  

measured opposite each MTH.  

Statistical analysis:  

Data were analyzed by IBM SPSS Statistics  
for Windows, Version 22.0. IBM Corp. Released  
2013. Armonk, NY: IBM Corp. Qualitative data  
were expressed as count and percent. Quantitative  

data were tested for normality using Shapiro-Wilk's  
test with data being normally distributed if p>0.050.  
Quantitative data were expressed as mean ±  Stand-
ard Deviation (SD) if normally distributed or me-
dian and Interquartile Range (IQR) if not. We used  

Fisher's exact test for comparison of qualitative  

data. We used independent Samples t-test for com-
parison of quantitative data between two groups  

when data were normally distributed in both groups.  

The non-parametric alternative Mann-Whitney U-
test was used if not. To determine the strength and  

direction of a linear relationship between two  

variables, we used Pearson's correlation (continuous  
normally distributed) and Spearman's correlation  

(continuous non-normally distributed or ordinal).  

For these tests, p-value is considered statistically  
significant when ≤0.05.  
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Results  

Forty-eight diabetic patients (96 feet) were  

included in this study and were classified into 2  
groups. Group I included 24 diabetic patients with  
DPN (12 males [50%] and 12 females [50%]) and  

group II included 24 diabetic patients without  
peripheral neuropathy (10 males [42%] and 14  

females [58%]). For group I, the mean age was  

56±6 years, and for group II was 57 ±5 years (p=  
0.74). The average Body Mass Index (BMI) for  

group I was 36.1 ±7kg/m2 , and for group II was  
36.4±8.4kg/m2  (p=0.9). There was no statistically  
significant difference as regard these parameters  

between the 2 groups. All the patients had type 2  

diabetes with average disease duration 16 ±6 years  
for group I and 6.6±8.5 years for group II (p=  
0.003).  

We compared the PST thickness under all MTHs  
between the 2 groups using independent- sample-
t-test. There was statistically significant difference  
in mean PST thickness under all left MTHs (first  

5 vs. 6.4; second 6.1 vs. 7.8; third 6.2 vs. 7.4;  

fourth 5.6 vs. 6.9; fifth 4 vs. 5.7mm; p<0.05), and  
the first, second, third and fifth right MTHs (first  

5.1 vs. 6.3; second 6.1 vs. 7.5; third 5.8 vs. 7.3;  
fifth 4.4 vs. 5.9mm;  p<0.05) between the first and  
second groups respectively (Table 1), Figs. (1,2).  

To determine the relationship between the PST  

thickness and age, we used Pearson's correlation  

which shows no significant correlation in-between  

at all MTHs of the right and left feet ( p>0.05)  
except at left 3 rd  and 4th  MTHs (p=0.02, 0.04  
respectively). Pearson's correlation also shows no  
relationship between BMI or gender and PST thick-
ness (p>0.05). Finally, Spearman's correlation  

shows no relationship between duration of diabetes  

and PST thickness (p>0.05).  

Receiver Operating Characteristic (ROC) curve  
analysis showed that PST thickness at all MTHs  
except right 4 th  MTH is a good discriminator  
between diabetic patients with and without DPN  

Fig. (3).  

(A) (B)  
Fig. (1): Superficial US examination of Pedal Soft Tissue (PST) in longitudinal plane showing pedal soft tissue thickness (yellow  

line) superficial to flexor tendon (T: Yellow arrowhead) opposite right 1 st  Metatarsal Head (MTH) its cortex is identified  
as curved echogenic line (white arrowhead) in 2 diabetic patients A) With peripheral neuropathy measuring 5.9mm  

and B) Without peripheral neuropathy measuring 7.2mm, denoting that greater pedal soft tissue atrophy occurs in  

diabetic patients with peripheral neuropathy.  

Fig. (2): Superficial US examination of Pedal Soft Tissue (PST) in longitudinal plane showing pedal soft tissue thickness (yellow  

line) superficial to flexor tendon (T: Yellow arrowhead) opposite left 1 st  metatarsal head (white arrowhead) in 2 diabetic  

patients A) With peripheral neuropathy measuring 5.6mm and B) Without peripheral neuropathy measuring 6.8mm.  
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Fig. (3): Area under the ROC curve for pedal soft tissue  

thickness under the metatarsal heads.  

Table (1): Differences in pedal soft tissue thickness under the  

metatarsal heads between the two groups.  

Pedal soft tissue thickness (mm)  

Metatarsal  
head  

Group I  
(with peripheral  

neuropathy)  

Group II  
(no peripheral  
neuropathy)  

p - 
value*  

R1  5.1±0.9  6.3± 1.4  .02  
R2  6.1± 1  7.5± 1.1  .004  
R3  5.8± 1.2  7.3± 1.2  .009  
R4  6± 1  6.9± 1.6  .11  
R5  4.4± 1.2  5.9± 1.7  .02  
L1  5± 1.1  6.4±0.9  .002  
L2  6.1± 1  7.8±0.9  .004  
L3  6.2±0.9  7.4± 1  .03  
L4  5.6± 1.2  6.9± 1.1  .009  
L5  4± 1.1  5.7±0.8  .001  

R1: Right 1st metatarsal head.  
R2: Right 2nd metatarsal head.  
R3: Right 3rd metatarsal head.  
R4: Right 4th metatarsal head.  
R5: Right 5th metatarsal head.  
L1: Left 1st metatarsal head.  

Discussion  

The foot plays an important role in standing  

and movement as well as supporting the body  
weight and keeping its balance. Difficulty in walk-
ing or standing has adverse effect on the quality  

of life. Cases with diabetic foot ulceration may  
require amputation with subsequent loss of the  

foot function. Also, wounds in diabetic patients  

are difficult to heal with progression to infection  

and necrosis of the soft tissue with serious compli-
cations. Thus, management and protection against  

diabetic foot ulcers are very important to maintain  

the patients' good quality of life [15] .  

Management and prevention of diabetic foot  
ulcers include external support and internal support.  
External support is done by using foot pads, total  
contact casts, and customized shoes. Internal sup-
port includes surgical intervention, such as filler  

injection, silicone injection, decompression, and  
soft tissue grafting [23-25] . Methods of external  
support could provide variable results depending  

on the patient compliance. Despite their invasive  

nature, methods of internal support may provide  
more favorable results especially fat or filler injec-
tion. However, due to lack of information about  
the normal soft tissue thickness in diabetic patients  

and healthy individuals, there are no available  
standards about the amount of fat or filler that  
should be injected with subsequent difficult deci-
sion for the use of such techniques [26] .  

US examination with high resolution linear  
array probe has increasingly become important in  

assessment of soft tissue, ligaments and tendons  
of the foot being of low cost, widely available,  

fast and lack ionizing radiation. In addition, it  
allows performance of dynamic examination and  

guide therapeutic interventions. However, its main  
limitation is that it is operator dependent. Several  

studies found comparable high accuracy and sen-
sitivity between US and MRI in assessment of soft  
tissue, tendons and ligaments of the foot. US is  

excellent for imaging soft tissue abnormalities and  

used as primary tool of investigation [27] .  

In this study, we used US to compare the thick-
ness of PST between diabetic patients with and  

without peripheral neuropathy. We found that there  

was statistically significant difference in PST  

thickness under all left MTHs, and the first, second,  

third and fifth right MTHs between the first and  
second groups respectively. After review of litera-
ture, there was lack of researches assessing and  
comparing PST thickness. Our study comes in  

agreement with the study done by Oh et al., (2018)  

which compared the PST thickness between dia-
betic patients and non-diabetic subjects using MRI  
scanner, and found that atrophy of PST occurred  
in diabetic group [28] . Also, our study is supported  
by Perry et al., (1995) who evaluated the plantar  
pressure in different foot regions during walking  

using platform pedobarography, and they found  
that the area under the MTHs experienced higher  

plantar pressure than other regions, in addition to  
being thinner in diabetic patients compared to non- 

L2: Left 2nd metatarsal head.  
L3: Left 3rd metatarsal head.  
L4: Left 4th metatarsal head.  
L5: Left 5th metatarsal head.  
Data presented as mean ±  SD.  
*: Independent 2-sample t-test.  
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diabetics [29] . In their study, Abouaesha et al.,  
(2001) measured plantar foot pressure and PST  

thickness opposite each MTH in 157 patients with  
diabetic neuropathy by using optical pedobarograph  

and US scanning platform, and they found a sig-
nificant inverse correlation between dynamic  

plantar pressure and plantar soft tissue thickness.  

This finding led them to think about supplementa-
tion techniques, such as fat grafts or silicone injec-
tion below the MTHs with soft tissue atrophy that  
can lead to good results as regard management and  

protection against diabetic foot ulcers [30] .  

Another study by Gusenoff et al., (2016) found  
that supplementation techniques results in reduction  

of the plantar pressure and improvement of the  
pain. However, the amount of supplementation  
cannot be accurately detected due to the lack of  

standard definition of soft tissue atrophy. Therefore,  

they used to use fat in amount sufficient to protect  
against development of tenderness or skin blanching  

in the donor site. The difference in soft tissue  

thickness between diabetics with and without pe-
ripheral neuropathy and between diabetic and non-
diabetic subjects might provide foot careers with  
more accurate standard information for using dif-
ferent PST supplementation techniques [31] .  

We expected that age related soft tissue atrophy  

could also occur in the feet. However, no statisti-
cally significant difference in the PST thickness  

was noted in this study among the patients with  
different age groups, likely attributed to the small  
number of patients in each group. However, our  
results come in agreement with Oh et al., (2018)  
who also found no statistically significant difference  

in the PST thickness in patients with different age  

groups [28] .  

Also, we found no significant relationship be-
tween BMI or gender and PST thickness. Finally,  

there was no significant relationship between du-
ration of diabetes and PST thickness.  

The limitation of the present study was the  

small sample size of each group. Further studies  
with large-scale trials on a large number of non-
diabetic and diabetic patients with and without  

peripheral neuropathy should be conducted.  

Conclusion :  

We concluded that US is a good imaging tool  
for assessment of PST thickness and we found that  

greater atrophy of PST under the MTHs occurs in  
diabetic patients with peripheral neuropathy than  

those without peripheral neuropathy. A study on a  

large scale is needed to detect the quantitative  

difference in PST thickness among diabetic patients  

with and without peripheral neuropathy, which can  

help in standardization of definition of PST atrophy  
with subsequent standardization of the amount of  

fat graft or silicone injection needed for protection  

against and management of diabetic foot ulcers.  
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