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ABSTRACT

Introduction: Chronic hyperglycemia can increase
extracellular matrix (ECM) accumulation that leads to
tendon fibrosis and subsequent contracture. Considering the
reversibility of fibrosis, it is important to identify factors that
are associated with it. The purpose of this study was to
determine whether elevated HbAlc levels are associated
with the development of Achilles tendon contracture in
diabetes mellitus patients.

Materials and methods: We reviewed 206 patients with
diabetic foot problems between January 2015-December
2019. Demographic data, the presence of Achilles tendon
contracture, and laboratory results were documented and
statistically analysed between patients with contracture and
without contracture.

Results: Patients’ mean age was 58.46 + 6.67 years old.
Contracture was found in 84 out of 206 patients (40.78%)
patients, with female predominance (45/84 patients; 53%).
While contracture was found significantly associated with
sex difference (0.035) and age groups (p=0.006), there was
no meaningful association with HbAlc level groups
(p=0.324).

Conclusion: Findings do not support the use of HbAlc level
as a sole determinant of Achilles tendon contracture.
Seemingly, there are other confounding factors affecting the
Achilles tendon contracture development in diabetes
mellitus patients. It should be emphasised that albeit the
association between chronic hyperglycemia and contracture
development, the low HbAlc should not be overlooked as
having no risk of Achilles tendon contracture and vice versa.
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INTRODUCTION

Diabetic foot pathologies are common in diabetics and pose
serious health problems for developing countries. It is

estimated that the annual population-based incidence of
diabetic foot ulcer ranges from 1.0% to 4.1%'. Restricted
ankle joint dorsiflexion during gait has been associated with
an increased risk of diabetic foot ulceration. Other than
ulceration, the development of Charcot neuroarthropathy
have been linked to tightness or shortening of the Achilles
tendon. In the presence of peripheral neuropathy, increased
plantarflexion caused by equinus deformity can affect joint
forces and gait patterns leading to joint changes. There is
increasing evidence that static stiffness of the Achilles
tendon may be, in part, responsible for the increased forefoot
loading that might initiate the pathologic process™.

One of the origins of limited ankle joint mobility (Fig. 1) is
Achilles tendon contracture due to fibrosis. Fibrosis is
characterised by extracellular matrix accumulation (ECM)
and often by a change in the quality of the ECM. It is a
common pathological response to tissue insults including
hyperglycemia. Experimental data had been supported
causative roles for hyperglycemia and the related
biochemical pathways in causing alterations in ECM turn-
over’.

Equinus, resulting from limited ankle dorsiflexion, is known
to be more prevalent in diabetic patients than nondiabetic
patients. There was a threefold risk of equinus in the diabetic
population®. To the best of our knowledge, there is no prior
studies on the association of diabetes chronicity and Achilles
tendon contracture or fibrosis.

Glycated haemoglobin (HbAlc) reflects glycemic control
over a period of time. HbA lc is a readily available laboratory
test that measures the proportion of glycosylated
haemoglobin in the blood and reflects the average blood
glucose level over the preceding two or three months. The
endocrinology literature has demonstrated that patients with
higher HbAlc levels are at increased risk for the systemic
complications of diabetes mellitus’®. Prior studies had
revealed that there was a link between HbAlc level and the
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Table I: Patients characteristics and statistical analysis result

With Contracture (N=84) Without contracture (N=122) p value
Sex (n [%])
Male 39 (47%) 67 (55%) p=0.035
Female 45 (53%) 55 (45%)
Age (means * SD) 59.20 + 6.52 58.61 + 6.77
Age groups
<40 years old 0 0 p=0.006
40-49 years old 2 14
50-59 years old 44 72
60-69 years old 32 30
> 70 years old 6 6
HbA1c (%) (median + SD) 7.80 = 1.67
HbA1c 8.24 + 1.67 7.66 = 1.87 P=0.324

future development of tissue fibrosis, such as in cystic
fibrosis and stenosing flexor tenosynovitis of the hand*".

There was evidence that mild to moderate fibrosis is
reversible. In liver fibrosis patients, those who are
successfully treated for HCV infection and test HCV RNA-
negative showed no evidence of the fibrosis upon repeat
biopsy". Strict glycemic control and maintenance of normal
HbAlc levels can minimise retinopathy, neuropathy, and
nephropathy®. The similar interconnection between glycemic
control and tendon fibrosis reversibility remains unclear.
Considering the reversible nature of fibrosis in numerous
organs, this study is conceivably to be a premise in further
studies concerning the treatment strategy to reduce the
tendon fibrosis in diabetic patients.

The aim of this study was to compare HbAlc result and
Achilles tendon contracture in diabetic patients. Thus, this
study can describe the glycemic control influence on the
pathogenesis of tendon contracture. The possibility of
whether HbAlc assessment could be adjunctive tools in the
early diagnosis and future management of diabetic ulcer
resulting from Achilles tendon contracture could be
explored.

MATERIALS AND METHODS

We retrospectively reviewed the hospital database to identify
diabetic foot patients, who had come to the Orthopaedic Foot
and Ankle Clinics, Hasan Sadikin Hospital, a regional
referral hospital in Bandung, Indonesia between January
2015 and December 2019. This study was approved by
Research Ethics Committees of Hasan Sadikin Hospital
before commenced.

The patients’ chart with International Classification of
Disease-10 (ICD-10) codes El1.5, E11.61, and E11.621
(type 2 diabetes mellitus with circulatory complications, type
2 diabetes mellitus with diabetic arthropathy, and type 2
diabetes mellitus with foot ulcer, respectively) were
reviewed in detail. We documented patients’ age, sex,

presence of Achilles tendon contracture, and HbAlc levels.
Achilles tendon contracture was diagnosed by measuring a
limited ankle range of motion of less than 10° in knee 90°
flexed using a goniometer (Fig. 2)"”. In this study we
excluded patients who had other aetiology for equinus such
as bony deformity, posttraumatic scarring, prolonged
immobilisation, or congenital problems. Rather than
analysing HbA lc as grouped data, the actual HbAlc levels
were used. We used the HbAlc value closest to the date of
diagnosis, not longer than three months prior to the
examination. This time frame was selected because HbAlc
reflects diabetic control over the preceding three months.

We performed comparison testing using Pearson chi-square
analysis and Fisher exact test to determine significance.
Mann Whitney test was used for analysis which the data
were grouped or did not meet the chi-square requirement.
Significance level was set at p=0.05. Statistical analysis was
reviewed by an independent statistician.

RESULTS

Out of all the patients, 206 patients were included to the
study. The unused patients were because of incomplete or
inaccessible data. There were also duplicated patient entries
due to multiple follow-up attendance. We picked their latest
follow-up data to be included to this study.

We found significantly more women in the contracture group
than in the non-contracture group (53% vs 45%; p=0.035).
The average age in patients with contracture was 59.20 +
5.62 years, compared with 58.61 £+ 6.77 years in the non-
contracture group (p=0.006). Table I shows a statistically
insignificant difference in the distribution of patient by
HbAIc range (p=0.324).

DISCUSSION

Previous studies have found that equinus due to Achilles
tendon contracture and concomitant increased plantar
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Fig. 1: Clinical picture and radiograph of a diabetic Charcot arthropathy patient with limited ankle dorsiflexion due to Achilles tendon

contracture.

Fig. 2: Ankle joint range of motion examination using goniometer, with 90° knee flexion.

forefoot pressures is more prevalent in diabetic patients.
These high plantar pressures are significantly associated with
elevated risks of plantar ulcerations in the presence of
neuropathy®. Because of the potential risk that equinus
deformity poses to diabetic patients, there has been increased
interest in determining an association between glycemic
control and the development of contracture due to fibrosis
formation®*".

HbAlc is now formally endorsed in many countries as a
diagnostic test for type 2 diabetes as well as for monitoring.
HbAlc gives an indication of chronic hyperglycemia rather
than being a test of glycemia at a single point in time. It gives
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an integrated index of glycemia over the entire 120-day
lifespan of the red blood cell. It therefore seems logical that
such a test would be appropriate in diagnosing a disease
characterised by chronic hyperglycemia and a gradual
progression to complications. However, there are several
disadvantages of using HbAlc, as for example it may vary
with age and between different ethnic groups, more
expensive, and being unaffordable in many low-income
country situations. The results can also be affected by
haemolysis and other conditions with increased red cell
turnover or conditions with reduced red cell turnover e.g.
iron deficiency or in any other chronic disease state'.



Hyperglycemia in diabetic patients is responsible for the
presence of high levels of nonenzymatically produced
advanced glycation end-products (AGEs). AGEs play
important role in cell signaling by interacting with specific
receptors that link to the activation of adhesion molecules,
proinflammatory cytokines and growth factors, thus
contributing to the pathogenesis of diabetic complications®.
AGEs are able to stimulate directly the production of
extracellular matrix (ECM)"”. However, why contractures are
not commonly found in all diabetic patients is not yet fully
understood. Other than hyperglycemia, factors that regulate
ECM formation include multiple forms of growth factors.
The important role of growth factors in the pathogenesis of
diabetic long-term complications was suggested by their
increased concentrations in target tissues. An excess of
growth factor is implicated in tissues where fibrosis
predominates, whereas a lack of growth factors occurs in
diabetic neuropathy and wound healing’. Cigarette smoking
also has deleterious effects on the musculoskeletal system. In
addition to the highly toxic direct effects of nicotine, indirect
effects on blood vessels and the oxygen supply have been
believed to be responsible for several adverse reactions in
tendon healing. Thickness and strain ratio measurements of
tendons were reduced (thinner and harder) in smokers,
resulting in many clinical implications of these morphologic
and elastographic changes'.

Equinus is the primary mechanical common denominator
that leads to the majority of acquired non-traumatic foot and
ankle problems by indirect leveraged means as well as direct
forces along the posterior/plantar chain'. Reduced
dorsiflexion of the ankle requires compensation within the
foot, which requires subtalar joint pronation to allow the
midtarsal joint to pronate and dorsiflex the foot. With fully
compensated ankle equinus, the foot becomes abnormally
unstable, and hypermobility results when the foot is
weightbearing. Muscular imbalance of the foot causes the
extensor muscles to compete against the deforming force of
the tight Achilles tendon, creating hammertoe contracture
that are predisposed to ulcer formation. Hypermobility can
also cause abnormal movement of the metatarsal heads on
the plantar soft tissues that are fixed by friction between the
skin and the ground. This shearing about the metatarsal
heads results in increased forefoot tissue trauma and thick
callus build-up which lead to ulcerations”.

This study found no significant association between HbAlc
ranges group and equinus contracture. The finding was
counterintuitive because the group C would be expected to
exhibit the highest risk of developing complications.
Nevertheless, this finding was not entirely on the contrary
with prior studies, e.g. by Frykberg et al, stating an
association between diabetic population and equinus
development. Predominantly, diabetes is still considered as
etiological factor of Achilles equinus contracture. However,
chronic hyperglycemia and subsequent.

HbA1c Level and Achilles Contracture

AGEs accumulation seems not to be the sole source of
fibrosis of the affected tendons. As mentioned above, there
are numerous pathways of soft tissue fibrosis that need to be
investigated with a view to clarify the equinus pathogenesis.
We found there were more women in the contracture group
than in non-contracture group. According to Wenzel et al,
women had a significant decrease in ankle joint dorsiflexion
with the knee extended compared with men'. Vance et al
have also reported that there were women in stenosing flexor
tenosyvitis group compared with those who were not, in
diabetic populations, albeit the pathomechanism remained
unclear. The average age in patients with contracture was
59.20 £ 6.52 years, compared with 58.61 £ 6.77 years in the
non-contracture group. This is attributable to decreased
length of the calf muscle-tendon unit, defined as the decrease
in dorsiflexion range of motion (ROM) with the knee
extended, which is associated with normal aging in both men
and women. The common use of the terms “decrease
flexibility” or “increased stiffness” in association with the
decrease in maximal passive dorsiflexion ROM implies that
shortened calf muscle-tendon unit may become stiffer with
aging, even in active adults without related pathologies”.

To the best of our knowledge, this study is the first in
published literature evaluating the influence of diabetes
chronicity or glycemic control to the development of fibrosis
resulting in equinus contracture of Achilles tendon.

Previous studies had mentioned the tendency of equinus
among diabetic patients compared with non-diabetic
populations, but lacked a comparison among diabetic patient
population itself.

This study has limitations. We identified our patients based
on ICD-10 coding, and thus we cannot account for patients
with disease who had not presented for evaluation. The
confounding factors such as daily habit, comorbidities, and
duration of the disease were not analysed in details.
Nonetheless, we believe that our data confirm that albeit the
equinus contracture is more prevalent in diabetic patients in
comparison to non-diabetic populations, HbAlc levels is not
the sole determinant of Achilles contracture development.
HbAlc itself can be interfered by many factors, including
anemia or haemoglobin disease. Severe nephropathy can
reduce insulin excretion and paradoxically lead to lower
HbAlc levels as well.

Further studies should have to discover the confounding
variables and the efforts to address those problems. In
conjunction with previous and future research, this
knowledge may provide the framework to define the
treatment algorithm, to potentially reduce the incidence of
diabetic foot ulceration and subsequent life-altering
amputations.
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CONCLUSION

Based on prior studies, glycemic control may influence the
pathogenesis of Achilles tendon contracture so that the
treatment algorithm could be defined using patients’ HbAlc
results. However, in this study there were no significant
association between both variables. While there were reports
on increased risk of equinus in diabetic populations, this
study showed that it was not associated with the elevated
HbA ¢ levels alone among the diabetes patients. This study
emphasised that the low HbAlc levels should not be
overlooked as having no risk of Achilles tendon contracture,
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and vice versa. Considering this study as a basis in
explaining the pathogenesis of diabetic ulcer, the further
studies should be able to describe the other factors or
allegedly relevant determinants that may affect the Achilles
tendon fibrosis in diabetic patients, with or without any
correlation with hyperglycemia itself.
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