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ABSTRACT

- Background: The purpose of our study was to compare ankle
range of motion and stiffness in-individuals with and without
diabetes mellitus using a reliable and valid technique and to
document the effect of knee flexion and severity of pathology
on ankle range of miotion and stiffness. Methods: Twenty-five
" individuals with diabetes mellitus and 64 nondiabetic individ-
‘wals, similar in age and gender profile, paftiéipated in this
study. Results: Results revealed that individuals with diabetes
mellitus had both significantly lower peak dorsiflexion range
of motion (5.1 and 11.5 degrees, p < 0.001) and higher passive
ankle stiffness (0.016 and 0.008 Nm/kg/degree, p < 0.01) than
non-diabetic individuals. In individuals with diabetes mellitus,

a positive relationship between glycemic control and duration

of diabetes mellitus and ankle stiffness ((r* = 0.48 and 0.24
‘respectively, p < 0.01 for both) was found. Conclusion: While
decreased range of motion and increased stiffness-in the diabetes
mellitus population seem clinically intuitive, as far as we know
this is the first study to confirm the concurrent existence of both

these findings in the plantarflexors in individuals with diabetes

mellitus. We applied a reliable and valid technique, one that
allowed control of confounding factors such as knee flexion posi-
tion and differences in determination of end range of motion,
- and documented a mean 41% loss in dorsiflexion excursion.
. Changes in the muscle, stemming from underlying pathology,
are hypothesized to account for a-significant part of the lost
range of motion. Changes in ankle range of motion and stiff-
ness may have important implications in plantar loading and
. ulcer formation. ‘ ’ ' :
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. INTRODUCTION

Jﬁst over 6% (18.2 million) of people in the United Stétes
are affected by diabetes mellitus.!® The disease impacts many

‘organ systems and often has dire consequences associated

with substantial morbidity and mortality.!” Involvement of
the lower extremity typlcally starts in the plantar sole of the
foot where ulcers develop in an estimated 15% of patients.”
The inability to effectively treat foot ulcers contributes
substantially to the high rate of amputations seen in this
population. ' :

Foot ulcers have been hypothesized to result from repet-
itive mechanical stress imposed on insensitive and often
morphologically changed feet. Repetitive, abnormally high
loading may overwhelm the ability of the soft tissue to
respond and may culminate in ulceration. 2,20 Understandmc
factors contributing to excessive loads on the plantar aspect
of the foot is therefore of considerable interest.

Loss of dorsiflexion range of motion at the ankle and
increased stiffness in the triceps surae musculature have
been implicated as potential factors contributing to increased ..
loading of the forefoot.> According to this theory, changes
in muscle characteristics limit forward progression of .the
tibia over the fixed foot during the stance phase of gait,
resulting in early heel rise and increased loading on the
metatarsal heads.?® Attempts to document changes in soft

‘tissue associated with diabetes mellitus have had mixed

results. Limitations in dorsiflexion range of motion®® and
increased ankle stiffness?® have been reported in individuals
with diabetes mellitus. However, technical differences in the
methods used to quantify stiffness, differences in criteria
for determining passive end range of motion, and natural
variations in the extent of pathology in individuals with
diabetes mellitus may account for dlfferences in the reported
results. 2> %

An additional confounding factor ‘that likely influences
ankle range of motion and stiffness is knee:position at the
time of measurement. Salsich et al.?> measured ankle char-
acteristics with the knee in 10 degrees of flexion while






