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Relationship between arteriosclerotic indicators and range of
motion of foot joints in diabetic patients

Nobumasa Matsui , Kei Washida* , Morio Shoji* , Shigeru Terada* , Hiroichi Miaki**"

Abstract

Foot ulcers cause gait disturbances, decreased quality of life, and high rates of mortality in
diabetic patients. High plantar pressure and failure of peripheral circulation dynamics have
been mentioned as risk factors for diabetic foot ulcers. It has been reported that plantar
pressure is affected by the limited joint mobility (LJM) of foot joints. Therefore, preventing
LJM of foot joints is important for prevention of diabetic foot ulcers. Failure of peripheral
circulation dynamics can be evaluated by measuring brachial-ankle pulse wave velocity
(baPWYV) . The LJM of foot joints and arteriosclerosis are involved in the etiology of diabetic
foot ulcers, but there have been no studies regarding the relationship between these two
factors. We investigated the relationship between the range of motion (ROM) of foot joints
and baPWYV in diabetic patients.

The study population consisted of 48 diabetic patients admitted to hospital for glycemic
control and diabetes education. The LJM parameters measured were passive ROM
of plantar flexion and dorsiflexion of the ankle joint, flexion and extension of the first
metatarsophalangeal joint, and pronation and supination of the subtalar joint. baPWV
was measured using an automated device. Pearson’s and partial correlation coefficients of
patients’ baPWV and ROM values were calculated. The control conditions were age, gender,
diabetes condition (diabetes duration, HbAlc levels, and diabetic polyneuropathy) , and
arteriosclerosis status (systolic and diastolic blood pressure) .

The mean age of the subjects was 57.4=+11.8 years. ROM values for ankle, first
metatarsophalangeal, and subtalar joints were 569° +88° , 89.7° =118° , and 270° +71° ,
respectively. Partial correlation analysis revealed a negative correlation between baPWV
and ankle ROM (r=-0.35, p=0.03) after controlling for age, sex, systolic and diastolic
blood pressure, diabetes duration, HbAlc level, and diabetic polyneuropathy. No significant
associations of these outcomes were found in other joints.

In diabetic patients, baPWV and ankle ROM were significantly negatively correlated when
controlling for factors such as age, systolic and diastolic blood pressure, diabetes duration,
HbAlc level, and diabetic polyneuropathy. However, additional studies are needed to draw
clinical conclusions.
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Introduction in diabetic patients, the prevention of diabetic ulcers is
Since diabetic foot ulcers cause gait disturbances, very important1'3>. To date, in addition to poor peripheral
decrease the quality of life, and lead to high mortality circulation dynamics and decreased defense sensation,
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high plantar pressure has also been mentioned as a
risk factor for diabetic foot ulcers”. Plantar pressure is
considered to be affected by limited joint mobility (LJM)
of the foot joints. It has been revealed that a decrease
in the dorsiflexion range of motion (ROM) of the ankle
joint and extension ROM of the first metatarsophalangeal
joint causes an increase in plantar pressure of the forefoot

during walking®*®

' This LJM occurs frequently not only in
patients who have experienced foot injuries, such as ankle
sprains, but also in those with diabetes””. For diabetic
patients who are prone to foot ulcers triggered by poor
peripheral circulation dynamics and reduced defense
sensation, LJM in the foot additively increases the risk of
foot ulceration through an increase in plantar pressure*'?.
Thus, preventing LJM of foot joints is important in the
prevention of diabetic foot ulcers. The causes of LJM
in diabetic patients include the influence of advanced
glycated end-products (AGEs) and a sedentary lifestyle”.
In particular, AGEs promote the formation of collagen
crosslinks and decrease soft tissue flexibility™ .

On the other hand, the failure of peripheral circulation
dynamics is also an important risk factor for diabetic
foot ulcers, and accurate assessment of arteriosclerosis
is necessary for their prevention. Among several
arteriosclerotic indices, brachial-ankle pulse wave velocity
(baPWYV) reflects the hardness of the peripheral and
" The hardness of the arterial wall is

affected by deposition of the extracellular matrix including

central arterial walls

collagen and elastin, calcification of vascular smooth
muscle, and deterioration of endothelial cell function™. An
increase in collagen crosslinking and destruction of elastin
are associated with arteriosclerosis in the extracellular
matrix deposition“”. Carotid-femoral pulse wave velocity
showed a positive correlation with relative contents of
collagen, and a negative correlation with relative contents

7 Age-related changes of the arterial wall is

accelerated by glycation stress'?.
As described above, LJM of foot joints and

arteriosclerosis are individually involved in the formation

of elastin

of diabetic foot ulcers; however, no studies on the
relationship between the two have been found. Collagen
crosslinking is a histologic common factor causing L]JM
or arteriosclerosis. In the current study, we hypothesized
that there is a relationship between LJM of foot joints and
arteriosclerosis in diabetic patients. To test this hypothesis,
we investigated the relationship between the baPWV and

ROM of foot joints in diabetic patients.

Method

Subjects consisted of 48 diabetic patients admitted to
Japanese Red Cross Kanazawa Hospital for glycemic
control and diabetes education between March 2016 and
June 2017. All patients were able to walk without an
assistive device. No patients had a history of diabetic foot
ulcers and arteriosclerosis obliterans. Moreover, ankle
brachial index were 1.13 = 0.07. Therefore, we considered
that patients have no gait disturbances caused by poor
peripheral hemodynamics. Exclusion criteria for the
present study were severe orthopedic and central or
peripheral nervous system disease affecting gait pattern.
Patient characteristics are shown in Table 1. Information
on diabetes status (ie. duration of diabetes, status of
diabetic polyneuropathy, and HbAlc levels at admission)
and lipid status (ie, HDL-cholesterol, LDL-cholesterol, and
triacylglycerol) were collected. Diabetic polyneuropathy
was defined as an abnormality in nerve condition velocity
or attenuation of protective sensation determined by
Semmes-Weinstein 4.56 monofilament test. Examinations
were performed according to the Declaration of Helsinki.
All patients provided informed consent for participation in
the present study.

The LJM measurement was made using the right
foot. Measured parameters were passive ROM of
plantar flexion and dorsiflexion of the ankle joint, flexion
and extension of the first metatarsophalangeal joint,
and pronation and supination of the subtalar joint. All
ROMSs were measured using established methods 19720,
Measurements of the ankle and first metatarsophalangeal
joints were performed with patients in the supine position,
with a roll placed under the knee to position the knee
in slight flexion. The subtalar joint was maintained in
an anatomical position. The stationary arm was the
longitudinal axis of the fibula, and the movable arm was
the sole of the heel. The ankle and toes were maintained
in the neutral position. The axis was placed over the
dorsum of the first metatarsophalangeal joint of the toe
being measured. The stationary arm was the longitudinal
axis of the metatarsal, and the movable arm was the
longitudinal axis of the proximal phalanx. Measurements
of the subtalar joint were performed with patients in the
prone position, with the foot protruding from the bed.
The ankle and first metatarsophalangeal joints were
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maintained in an anatomical position. The stationary arm
was the center line on the back of the lower leg, and the
movable arm was the longitudinal axis of the calcaneus.
All measurements were performed by a physiotherapist,
who was not a primary investigator on this research
project, using a double-armed digital goniometer (GM-
180, nihon-ikakikaiseisakusyo, Japan) calibrated in
1-degree increments. The maximum ROM of each joint
was measured three times and the average value was
calculated.

baPWYV was measured using an automatic device (form
PWV/AVI, Omron Colin, Japan) . After 1 min of rest,
the spine, brachial, and ankle arterial pressure waveforms
were recorded by wrapping the cuff connected to the
plethysmograph and the oscillometric sensor around the
upper arm and ankle. baPWV was calculated by dividing
the difference in distance between the two sensors by the
transit time. In the present study, the baPWV value on
the right side was analyzed as the measurement value.
Systolic and diastolic blood pressure and ankle-brachial
index were recorded at the same time.

Correlation analysis was carried out between each
ROM and age, gender, diabetes condition (diabetes
duration, HbAlc levels, and diabetic polyneuropathy) ,
and arteriosclerosis status (systolic and diastolic blood
pressure) . The correlation ratio was calculated for
variables on the nominal scale. Pearson's correlation
coefficient was calculated f for variables normally
distributed, and Spearman's correlation coefficient was
calculated for variables non-normally distributed. Pearson’
s and partial correlation coefficients of baPWV and ROM
values were calculated per patient. The control conditions
were age, gender, diabetes condition, and arteriosclerosis
status. The significance level was set at p < 0.05. Statistical
analyses were performed using SPSS for Windows (SPSS,
Inc., Chicago, IL, USA) .

Results

Patient characteristics, diabetes status, lipid status,
baPWV, and ROM of foot joints are shown in Table 1.
Mean subject age was 57.4+11.8 years. ROM values for
the ankle, first metatarsophalangeal, and subtalar joints
were 56988, 89.7+11.8°, and 270+ 7.1°, respectively.
The correlation coefficients between each ROM and age,
gender, diabetes condition, and arteriosclerosis status are

shown in Table 2. Partial correlation analysis revealed a

Table 1. Patient characteristics (n=48)

Age (years) 57.4+11.8
Gender (male/female) 34/14
Body weight (kg) 70.3£15.0
Body mass index (kg/m?) 25.5+4.5
Diabetes duration (months) 8.1+£8.3
HbA1c level (%) 9.7+1.6
Diabetic polyneuropathy 11/37
Systolic blood pressure (mmHg) 131.8+20.7
Diastolic blood pressure (mmHg) 81.3+14.1
Pulse rate (beat/minutes) 77.3+13.5
Triacylglycerol (mg/dl) 207.4+185.2
HDL-cholesterol (mg/dl) 50.0+11.3
LDL- cholesterol (mg/dl) 116.3+43.0

baPWV (cm/sec) 1620.9+310.8

Ankle joint ROM (°) 56.94+8.8
First metatarsophalangeal joint ROM (°)  89.7+11.8

Subtalar joint ROM (°) 27.0+7.1

ROM: range of motion

negative correlation between baPWV and ankle ROM (r
= — 035 p = 003) after controlling for age, sex, systolic
blood pressure, diastolic blood pressure, diabetes duration,
HbAlc levels, and diabetic polyneuropathy (Table 3) .
No significant relationship in these outcomes was found in
other joints.

Discussion

The primary finding of this study was that haPWV
and ankle ROM were significantly associated after
adjusting for arteriosclerosis risk factors such as
age, systolic blood pressure, diastolic blood pressure,
and indices of short- and long-term glycosylation
stress (diabetes duration, HbAlc levels, and diabetic
polyneuropathy) . In the present study, the mean
ankle ROM of subjects was 56.9 * 88°, which was
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Table 2. Correlation coefficients between each ROM and age, gender, diabetes condition, and

arteriosclerosis status

Ankle joint First Subtalar
metatarsophalangeal joint
joint
Age (years) 0.06 -0.07 0.12
Gender (male/female) 0.12 0.33 0.35
Diabetes duration (months) -0.17 0.03 -0.09
HbAlc level (%) 0.02 0.10 0.12
Diabetic polyneuropathy 0.04 0.28 0.06
Systolic blood pressure (mmHg) 0.11 0.02 0.20
Diastolic blood pressure (mmHg) 0.07 0.29* -0.04
*p<0.05

Table 3. Single and partial correlation coefficient of brachial-ankle pulse wave velocity and each

range of motion of foot joints

Single correlation

Partial correlation

coefficient coefficient
Ankle joint r -0.16 -0.35*
First metatarsophalangeal
o r 0.03 0.013
jont
Subtalar joint r 0.04 -0.077

The partial correlation coefficient was controlled by sex, age, systolic blood pressure, diastolic
blood pressure, HbA1c levels, diabetes duration, and diabetic polyneuropathy.

*p<0.05

lower than the mean ankle joint angle (72.6° for males,
88.1° for females) found in a previous study in healthy
Japanese subjects?”’. A number of previous studies have
addressed LJM of the ankle joint in diabetic patients,
and the results of the current study support the findings

5).10),
U0 Several factors have been shown

of these studies
as causes of ROM limitations in diabetic patients. A
lengthened duration of diabetes, an accumulation of AGEs
in collagen tissues, and decreased physical activity levels
have previously been mentioned as contributing factors’ .
Collagen denaturation is greatly affected in tissues with
low turnover, such as joint capsule, and in tendon tissue in

particular®®. Histologically, abnormal crosslinking between

collagen fibers reduces the viscoelasticity of the tissue® .

Thus, LJM of the ankle joint in diabetic patients has a
great influence on the degeneration of collagen tissue
exposed to glycation stress.

Incidentally, in recent years, correlations between trunk
flexibility and baPWYV have been observed in healthy
subjects®. According to previous research, scores on the
sit and reach test as an indicator of trunk flexibility were
negatively correlated with baPWV in middle-aged and
elderly subjects. This was believed to be caused by the
degeneration of collagen tissue in the arterial wall and
the hypertonic tone of the vascular smooth muscle. In

fact, the deterioration of baPWV represents the stiffness
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of the peripheral artery and the central artery from the
brachial to the ankle joint. Furthermore, histologically,
the influence of the extracellular matrix deposition of the
arterial wall, such as collagen and elastin, has been pointed

h'®'® Based on these factors,

out in previous researc
we controlled for systolic and diastolic blood pressure
in our analysis, as these are factors affecting aspects
of arteriosclerosis such as hypertonic vascular smooth
muscle and collagen degeneration.

Results of this study suggest that the ankle ROM
decreased when baPWV was high. From a clinical
standpoint, in order to prevent diabetic foot ulcers, it is
necessary to carefully observe, over time, the state of the
ankle ROM and plantar skin of diabetic patients whose
baPWYV is becoming high. Histologically, correlations
between baPWV and ROM were found even when
controlling for factors influencing atherosclerosis and LJM
of the foot joint. Thus, it is possible that the degeneration
of collagen tissues is a commonality between the two
variables. The cross-sectional design was a limitation of

this study, and as such, we could not draw conclusions

regarding the mechanism of association between the
deterioration of baPWV and ROM of foot joints. Since the
baPWV and ROM values collected herein are the results
of a noninvasive examination, in the future it will be
necessary to conduct histological and longitudinal studies
examining the relevance of the periarticular soft tissue

and the collagenous tissue of the arterial wall.

Conclusion

In a sample of diabetic patients in Japan, baPWV and
ankle ROM were significantly negatively correlated after
controlling for factors such as age, systolic blood and
diastolic blood pressure, diabetes duration, HbAlc levels,
and diabetic polyneuropathy. However, additional studies
are needed to draw clinical conclusions regarding the
influence of baPWV and ROM on diabetic foot ulcers.
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K ORERMIME) & L7z,

MR OVIGHEERIE 574 = 118 THh o 720 RBEI 55 1 L BEEik BIE, HiE T B
OB I, ENEN 569 = 887, 89.7 £ 11.8°, 270 = 7.1° TH o 7= WA,
AR, PR ORI B & VYRR, PRI HbAlc i3 X ORHEIR W12 3¢
AR O A I THIE L 722, baPWV & B O BIEIT B & ORIZH OB 2R L
7z (r=-035.p = 003), MO TITHBELEAIIED DN d o7z,

BRI B TIEL AR, DGR B & CHRRITIE ., BEPRS IR, HbAlc fifids & OVBEIR
itk 2 FEVE AN AR I E O 1Tl LT H . baPWV I X OV BY S 0 BY S v B3 A B ISR
OHBBERZ ROz, LA LAA0, BRI mZ T S HT7201233 5% 080 %E
Thkbo

- 111 —





