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ABSTRACT

Tendinopathy is a common disease that is difficult to manage due to its recurrent nature. It is associated with increased
healthcare costs and significantly impacts quality of life of patients. Also, according to recent studies patients with high
cholesterol and diabetes are at a higher risk of developing tendinopathy. There has been rise in the incidence of
tendinopathies due to increase in sport activities, life expectancy and some other factors (environment, diet and some
drug therapies). Approximately 30% of visits for musculoskeletal pain in general practice are related to tendon injury.
Non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids remain the mainstay of treatment. Despite the use
of current therapies, there is need of a supportive therapy that can help in the healing process towards development of
physiologically normal tendons. Nutraceuticals have been used as supportive therapy for management of
tendinopathies. This review focuses on the management of tendinopathy with special attention on role of nutraceuticals
such as type I collagen, mucopolysaccharides and vitamin C in the management of tendinopathy. Clinical data suggests
that this combination (type | collagen, mucopolysaccharides and vitamin C) promotes the endogenous synthesis of
collagen type I, avoiding the accumulation of collagen type 111 and aggrecan, thus interfering with the degeneration of
tendon tissue. Based on the available clinical data, combination of type | collagen, mucopolysaccharides and vitamin C
not only reduce the clinical symptoms but also improve structural evolution of different types of tendinopathies as well
as plantar fascitis.
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INTRODUCTION

In general practice, tendinopathy is a commonly
encountered clinical problem which is not only associated
with significant health care costs, but also adversely
affects the quality of life of patients.! There is minimal data
on the incidence and prevalence of tendon injuries in India,
however it has been reported that approximately 30% of
patient visits due to musculoskeletal pain are related to

tendon injury.? Three most commonly effected tendons are
the Achilles, patellar and rotator cuff tendons. Out of these
three, rotator cuff tendons are the most commonly affected
followed by Achilles and patellar tendon.® Other
frequently injured tendons are around the elbow (golfer's
and tennis elbow) and around the wrist. In recent years,
increase in sport activities, life expectancy and factors
such as environment, diet, systemic diseases and certain
drug therapies have led to an exponential increase in the
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incidence of tendinopathies. Moreover, a study by Tilly et
al highlighted the role of increased serum cholesterol and
diabetes in predisposing the patients towards significantly
higher risk of developing tendinopathy.*

The main treatment of tendinopathy includes eccentric
exercises, pain management and recurrence prevention.
Analgesic and anti-inflammatory drugs like non-steroidal
anti-inflammatory drugs (NSAIDs) and corticosteroid
injections are the gold standard tendinopathy management
option. Other widely used therapies in the management of
tendinopathy include injections of platelet-rich plasma
(PRP) or autologous blood. Surgical intervention is usually
recommended if the results of medical management are
unsatisfactory. Despite the use of currently available
treatment options, tendon structure and mechanical
properties after injury usually do not resemble to that of
healthy tendons. This can result in disability that lasts for
several months and ultimately lead to weaker tendon that
is susceptible to further injury.5 Consequently, there
remains a need for therapeutics that can direct the healing
process toward the development of physiologically normal
tendons.

The primary purpose of this review is to summarize the
treatment options available for the management of
tendinopathy and the role of nutraceuticals like type |
collagen, mucopolysaccharides and vitamin C in the
management of tendinopathy.

Normal tendon

Healthy tendons are brilliant white in colour and have a
fibroelastic nature. The normal function of tendon consists
of transmitting force from muscle to bone and act as a
buffer by absorbing external forces to limit muscle
damage.® They also show high mechanical strength, good
flexibility and an optimal level of elasticity.” The structure
of tendon can be divided in two parts: a cellular part, and
an extracellular matrix. The cellular part consists of
tenoblasts, tenocytes, chondrocytes, synovial cells (outer
sheath), capillary endothelial cells and arteriolar smooth
muscle cells. Tenoblasts and tenocytes constitute 90% of
the cells of tendon. Tenoblasts are immature tendon cells
which on maturation, take on a more elongated shape and
become tenocytes.® Their main function is to produce
extracellular matrix (ECM) such as collagen, fibronectin
and proteoglycans, to maintain tendon homeostasis and
repair injured tendons.

PATHOPHYSIOLOGY OF TENDON INJURY AND
HEALING

While, tendonitis is characterized by inflammation,
tendinosis involves the degenerative changes in the tendon
structure particularly the collagen. Tendon healing is
generally a very slow and incomplete process and with
advancing age, the metabolic pathways within tendons
tend to shift from aerobic to anaerobic energy production.®
11 As compared to the skeletal muscles, the tendons and

ligaments have 7.5 times lower oxygen consumption,
which leads to lower metabolic rate and subsequent slow
healing after tendon injury.*? Tendinosis occurs due to
failure of the cell matrix to adapt to a variety of stress and
trauma as a result of the imbalance between matrix
degeneration and synthesis.** Strenuous physical exercise
can lead to excessive tendon loading and therefore, is
considered as the main pathological stimulus for
degeneration.®®

Excessive microstrain or ‘overuse’ on the tenocytes has
been shown to induce the expression of several
inflammatory mediators and matrix metalloproteinases
(MMPs), which might trigger increased proteolytic
activity in the tendon.’* However, the exact pathogenesis
of tendinopathy is still not known. The current theory for
tendinopathy is the continuum model, as presented by
Cook and Purdam.’® Under the continuum model,
tendinopathy is viewed as a spectrum ranging from normal
tendon to pathologic tendon. The three stages included in
the continuum model are: reactive tendinopathy, tendon
dysrepair and degenerative tendinopathy.

In reactive tendinopathy, there is a proliferative cell
response in the cell and tendon matrix which is non-
inflammatory in nature. This can occur after a sudden
increase in stress or direct impact to the tendon. Due to the
changes in proteoglycans, the tendon, on imaging, appear
to be thickened and swollen. However, this phase is
reversible and can be achieved with reduced tendon
loading or sufficient rest. The tendon disrepair is next
progressive stage where there is an attempt at tendon
healing similar to reactive tendinopathy but with greater
matrix involvement and breakdown. Some reversibility is
possible with load management. Degenerative
tendinopathy is the final stage of the continuum and is
characterized by neovascularization, cell death, apoptosis
and extensive matrix breakdown due to chronic
overloading. The changes at this stage lead to poor tendon
prognosis and have little to no capacity to revert to normal
tendon.*®

CURRENT  TREATMENT
TENDINOPATHY

OPTIONS FOR

Various management options are available which include
rest, ice, eccentric exercise, nutraceuticals, ultrasound
therapy, sclerosing injections, extracorporeal shockwave
therapy, splinting, taping, cryotherapy, electrotherapy,
glyceryl trinitrate patches, NSAIDs as well as
peritendinous injections. Surgery is often considered a last
option in the treatment of tendinopathy that persists after
exhausting all non-operative  options. However,
conservative measures remain the mainstay of treatment
for most tendinopathies.®

Eccentric exercise

This form of exercise involves lengthening of muscle and
tendon under tension. Its mechanism is not completely
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understood at the molecular level; however, it results in the
production of new type | collagen and increase the density
of collagen fibrils.'® They also promote collagen fibre
cross-link formation within the tendon and facilitate
tendon remodelling.'’

NSAIDs

Prostaglandins are chemical molecules derived from
arachidonic acid playing an important role in the
development of acute inflammation. Both the oral and
topical delivery of NSAIDs is effective as short-term
analgesics for this painful condition.*®

Corticosteroids

These are potent anti-inflammatory molecules. Despite the
fact of little to no role of inflammatory process in the
pathogenesis of tendinopathy, numerous studies have
demonstrated  corticosteroid  therapy  significantly
improving the patient outcome in the short term by
providing pain relief and enhancing function.*®

Platelet-rich plasma (PRP)

Platelets play an important role in the healing of various
injuries, as they are enriched with multiple growth factors
and cytokines, including transforming growth factor beta
(TGF-B), interleukins (ILs), fibroblast growth factors

(FGFs), platelet-derived growth factors (PDGFs), vascular
endothelial growth factors (VEGFS), connective tissue
growth factor (CTGF) and others. Various clinical studies
have demonstrated mixed results regarding the
effectiveness of PRP in treating patients with
tendinopathy.?

NUTRACEUTICALS

The management of tendon injuries with oral nutritional
supplements is relatively new. Numerous pre-clinical and
clinical studies have been conducted to assess the
effectiveness of oral supplements for the management of
tendinopathies. The management of tendinopathies with
oral supplements such as glucosamine and chondroitin
sulfate, vitamin C, hydrolyzed type 1 collagen, curcumin,
boswellic acid and methylsulfonylmethane have potential
role in tendon healing (Table 1). Current clinical studies
often test combination of substances and compare the
results of medication to physical activity interventions or
other treatments.As many nutrients are required for the
normal tendon health, nutritional supplements involving
multiple nutrients would be more effective than the ones
containing single ingredient. One dietary supplement
composed of mucopolysaccharides, type 1 collagen, and
vitamin C has been tested to manage different
tendinopathies (Achilles, patellar and common extensor
tendons). The overall results suggest improvement of
symptoms and healing of injured tendons.

Table 1: Effects of nutritional supplement on the tendon.

Nutritional supplement

Effect on the tendon

- Has anti-inflammatory and antioxidant effect

Vitamin C -

Stimulates hydroxyproline synthesis of procollagen

- Increases angiogenesis and maturation of col Il to col | fibres

Boswellic acid

- Inhibits 5-lipooxygenase

- Decreases the levels of TNFa, IL-1, IL-2, IL-4, IL- 6

Type | collagen -

Increases mechanical strength

- Has antioxidant effect

Curcumin -

Inhibition of apoptosis

- Enhances survival of tenocytes

Methylsulfonylmethane (MSM)

Glucosamine and chondroitin sulphate

Surgery

Surgical intervention is usually recommended if the results
of medical management are unsatisfactory. Operative
management should therefore be preferred in patients who
have failed 3 to 6 months of conservative management.?

LIMITATIONS OF THE CURRENT TREATMENT
OPTIONS

The major issue with traditional therapeutic strategies is
that most of them are based on targeting inflammation

- Has analgesic properties
- Also has anti-inflammatory and antioxidant effects
Increases synthesis of collagen
Enhances mechanical properties and organization of collagen bundles

only; they do not correct the structural abnormality in the
tendon. Steroid injections are helpful in the short term
(first approximately 4 weeks) however, their long-term
effectiveness is not known, and quality of evidence for its
use remains poor and controversial.??> According to the
available scientific evidence, NSAIDs seems unlikely to
be effective due to absence of inflammatory process in
chronic tendinopathy. Also, very few clinical trials are
available regarding the effectiveness of these
interventions. Recently a nutritional supplement
containing combination of type | collagen, vitamin C and
mucopolysaccharides has demonstrated reduction in the
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clinical symptoms and has also improved structural
evolution of different types of tendinopathies in clinical
studies.

ROLE OF NUTRACEUTICALS COMBINING TYPE
I COLAGEN, MUCOPOLYSACCHARIDES AND
VITAMIN C

Type | collagen

Collagen forms the major extracellular protein in tendons,
muscle, and ligaments.*>2 Therefore dietary supplements
containing type | collagen would increase collagen
synthesis which may be helpful in rebuilding tendons.
Effects of ingestion of collagen peptide on rabbit’s tendon
extracellular matrix demonstrate that hydrolyzed type I
collagen peptides not only affect the size of collagen fibrils
but also the composition of glycosaminoglycans in
Achilles tendon. The ingestion of type I collagen increased
the amount of dermatan sulfate and lowered the percentage
of hyaluronic acid. The rise of this biochemical component
enhances the mechanical properties of Achilles tendon.

Mucopolysaccharides

In the tendons or ligaments, collagen mainly contributes to
strength and structure, whereas mucopolysaccharides
which are also known as glycosaminoglycans (GAGS)
tend to provide “glue” effect which holds the fibers
together and also allowing them the flexibility, stretching
and bending properties as well as resilience. They are also
one of the essential components of extracellular matrix. In
one of the in-vitro studies, it was found that they also
increase collagen and non-collagenous protein synthesis in
cultures of bovine tenocytes and ligament cells.?*

Vitamin C

The presence of vitamin C is necessary for the enzymatic
synthesis of both collagen proteins and several
proteoglycans found in tendons.?> Vitamin C is also a
transcriptional promoter of collagen synthesis. A recent
animal study reported that high dose oral vitamin C
supplementation significantly accelerates the healing of
ruptured Achilles tendons.?® The current in-vitro research
data shows that tenocytes cultured in a medium without the
presence of vitamin C synthesized collagen at only a third
of the normal level.?’

EVIDENCE OF TYPE | COLLAGEN,
MUCOPOLYSACCHARIDES AND VITAMIN C IN
TENDINOPATHY

Preclinical evidence

In one of the studies on an in-vitro model of tendon
inflammation, the combination of type | collagen +
mucopolysaccharides + vitamin C (C+M+V) suppressed
IL-1B-induced NF-kB activation. These events lead to
down-regulation of cyclooxygenase-2 (COX-2), matrix

metalloproteinase-1 (MMP-1) and activated caspase-3.
These results indicate the potential benefit of this
combination as an anti-inflammatory agent for the
treatment of tendinopathy.?® An experimental study was
performed in Wistar Albino rats to evaluate the role of
vitamin C for collagen synthesis in healing of Achilles
tendon rupture. It demonstrated significantly higher mean
collagen fibre diameter (p<0.001) and number of active
fibroblasts as well as more noticeable type | collagen
production (p=0.021) in vitamin C group. Also process of
angiogenesis was more evident in vitamin C group as
compared to control group.?® Also another preclinical
study was performed in rats with aim to evaluate the
effects of ascorbic acid (vitamin C) on the periodontal
ligament during aging. It showed that vitamin C
supplementation promoted the maturation of collagen
fibres and enhanced angiogenesis in the ligament.%

Clinical evidence

A randomized, controlled, multicentre trial was conducted
in a total number of 59 patients with Achilles
tendinopathy. The study groups consisted of combination
of eccentric training (EC) or passive stretching (PS) along
with nutritional supplement containing C+M+V. Patients
were diagnosed based on clinical examination which
showed painful thickening of the Achilles tendon, and
confirmed by ultrasonography (USG) which involved
local thickening of the tendon, irregular tendon structure
with hypoechoic areas and irregular fibre orientation.
Patients who already received a previous treatment with
eccentric training were excluded. Patients were divided
into reactive tendinopathy and degenerative tendinopathy
based on the Cook and Purdam pathology model. The
study was approved by ethics committee. Patients in the
EC plus C+M+V group consumed 3 capsules per day
containing 435 mg mucopolysaccharides, 75 mg collagen
type | and 60 mg vitamin C. Patients in the PS plus
C+M+V group consumed the nutraceutical and were
advised to conduct passive stretching that was supervised
weekly by a physiotherapist. At 6 and 12 weeks, a
significant improvement in Victorian Institute of Sports
Assessment-Achilles questionnaire (VISA-A) score as
well as pain at rest and pain during activity were found in
all treatment groups.

Another randomized, placebo-controlled trial was
performed in sixty patients with tendinopathy of Achilles,
supraspinatus, lateral epicondyle or plantar fasciitis. One
group received nutritional supplement containing C+M+V
whereas other group received placebo for a period of 90
days. During the study, patients were followed up at
monthly intervals. Pain intensity was measured using a
visual analog scale (VAS). Ultrasound was used to
characterize tendon structure as well as presence or
absence of tendinopathy. The percentage of patients with
clinical symptom progressively decreased in both groups,
reaching lower values in the C+M+V group at each time
period. Pain levels measured by VAS reduced significantly
in both the groups; however, patients receiving nutritional
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supplement had significantly lower pain value at 90 days
(p<0.05). Also patients who received C+M+V had more
improvement in clinical symptoms as compared to
placebo. Interestingly, patients in the C+M+V group were
free of tendinopathy at the end of the study according to
ultrasound assessment.?

In other multicenter, open-label, non-comparative,
prospective, exploratory phase IV trial, a total of 98
patients were recruited with tendinopathies of the Achilles
tendon (AC group), patellar tendon (PA group) and lateral
epicondyle tendon in the elbow (LE group). The diagnosis
of tendinopathy was based upon a clinical examination
which involved swelling of the tendon that was painful
upon palpation, and it was confirmed by ultrasound as
local swelling of the tendon, an irregular structure with
hypoechoic regions and irregular orientation of the fibers.
All the patients in the study were provided 3 capsules of
C+M+V per day for 90 consecutive days. They were
followed up at monthly intervals. Pain levels at rest and
when active as well as different scales for joint function
improvement such as VISA-A, VISA-P (Victorian
Institute of Sports Assessment- Patellar tendon
questionnaire (VISA-P) and PRTEE (Patient-rated tennis
elbow evaluation) were measured each month. Pain
intensity levels at rest and when active was measured by a
10-centimetre VAS. A significant reduction in the pain
was found both rest and when active in all three groups. It
was progressive throughout the study, and was significant
at the first control visit performed on day 30 of treatment
(p<0.01).

The intensity of the pain at rest decreased by 80% for the
AC group, 71% for the PA group and 91% for the LE

group at the end of the study (day 90) as compared to the
baseline pain levels (p<0.001). Also pain while moving
decreased by 82% for the AC group, 73% for the PA group
and 81% for the LE group (p<0.001). At day 30 and 90, a
significant reduction in pain both at rest and when active
was observed in all the groups. There was 38%
improvement in VISA-A, 46% in VISA-P and 77% in
PRTEE scores at day 90 (p<0.001). A significant reduction
in the thickness of the affected tendon was found in all the
treatment groups. It was 12% decrease in the thickness of
Achilles tendon, a 10% decrease in the patellar tendon and
a 20% decrease in lateral epicondyle tendon was found
(p<0.05). Also, NSAID drug consumption was reduced
significantly during the study period. This reduction was
5% as compared to 28% which was 30 days prior to the
baseline visit in the AC group whereas in the PA group it
reduced to 14% from 43% (p<0.05).%

In another observational study, a total of 80 participants
were  recruited of  epicondylitis,  supraspinous
tendinopathy, Achilles tendinopathy and plantar fasciitis.
In each group of the clinical condition comprising 20
patients, there were a study group and a control group. The
total duration of the study was of 3 months. The study
group received C+M+V. Pain, SF36 quality of life survey
and standardized functional assessments were evaluated
pre and 1, 2 and 3 months post-treatment. There was
significant reduction in pain (p<0.05) in all the subgroups
except for the epicondylitis group. Improvement of at least
one SF36 subscale along with pain reduction was found in
each subgroup (p<0.05). At the end of the treatment, there
was a significant improvement in the functional
assessment of the physiotherapist in all the treatment
groups (p<0.05).3

Table 2: Clinical evidence for Type I collagen (C) + mucopolysaccharides (M) + vitamin C (V) in tendinopathy.

Authors

Study design

Subjects

A significant improvement in Victorian
Institute of Sports Assessment-Achilles

Balius et Randomized, controlled,  Patients with Achilles 59 questionnaire score, pain at rest, and pain
al (2016)%*  multicentre trial tendinopathy during activity were detected in all 3
treatment groups at 6 and 12 weeks’
follow-up when compared with baseline.
Patients with tendinopathy .
Binhetal Randomized, placebo- of Achilles, supraspinatus, \{lsu_a_l Analogue Sca[e (VAS) was
(2014)% controlled study lateral epicondyle or 60 significantly reduced in patients
. supplemented with C+M+V at 90 days
plantar fasciitis
A significant reduction in pain both at rest
_ Multicenter, open-label Patiqnts with . and when active was observed between
Martinez non-compar,ative ' tendinopathies of Achilles day 30 and the end of the study (day 90)
et al raspective. ex forator tendon, patellar tendonand 98  for all three types of tendinopathy. A 38%
(2014)% ph P v t7 d P Y lateral epicondyle tendon improvement in VISA-A, 46% in VISA-P
phase TV study in the elbow and 77% in PRTEE was observed on day
90 (p<0.001).
Patients with epicondylitis, The study group displayed a significant
Nadal et Prospective supraspinatus tendonitis, 80 pain reduction (p<0.05) in all the
al (2009)%*  observational study Achilles tendonitis and subgroups except for the epicondylitis

plantar fasciitis

group.
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CONCLUSION

Tendinopathy is a common disorder which continues to be
very difficult to manage because of its recurrent nature and
a definitive treatment is still not available. Nutraceuticals
emerge as candidates to reduce symptoms attributed to
tendinopathies, prevent tendon rupture, and improve
recovery from trauma or surgery. Nutraceutical
supplements such as combination of type | collagen,
mucopolysaccharides and vitamin C not only reduce the
clinical symptoms but also improve structural evolution of
different types of tendinopathies as well as plantar fascitis.
Clinical data suggests that this formulation promotes the
endogenous synthesis of collagen type I, avoiding the
accumulation of collagen type Il and aggrecan, thus
interfering with the degeneration of tendon tissue. The
combination of type | collagen, mucopolysaccharides and
vitamin C is safe and effective for management of different
tendinopathies, providing an additional benefit to eccentric
training, especially at early stages of the disease.
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