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Tendons and ligaments within the upper and lower limbs are
some of the more common sites of musculoskeletal injuries
during physical activity. Several extrinsic and intrinsic factors
have been shown to be associated with these injuries. More
recently, studies have suggested that there is also, at least in
part, a genetic component to the Achilles tendon, rotator cuff
and anterior cruciate ligament injuries. However, specific genes
have not been suggested to be associated with rotator cuff or
anterior cruciate ligament injuries. Sequence variants of the
tenascin C (TNC) gene, on the other hand, have been shown to
be associated with Achilles tendinopathies and Achilles tendon
ruptures, whereas a variant of the collagen V a 1 (COL5A1)
gene has also been shown to be associated with Achilles
tendinopathies. Both genes encode for important structural
components of tendons and ligaments. The COL5A1 gene
encodes for a component of type V collagen, which has an
important role in regulating collagen fibre assembly and fibre
diameters. The TNC gene, on the other hand, encodes for TNC,
which regulates the tissue’s response to mechanical load. To
date, only variants in two genes have been shown to be
associated with Achilles tendon injuries. In addition, although
specific genes have not been identified, investigators have
suggested that there is also a genetic component to both rotator
cuff and anterior cruciate ligament injuries. In future, specific
genotypes associated with increased risk of injury to specific
tendons and ligaments can prevent these injuries by identifying
individuals at higher risk.
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T
endon and/or ligaments such as the rotator
cuff tendons (shoulder), the anterior cruciate
ligament (ACL; knee), and the Achilles tendon

(ankle) are some of the more common sites of
musculoskeletal injuries during both competitive
and recreational sporting activities.1–3 It has been
reported that tendon injuries account for approxi-
mately 30–50% of all sporting injuries,4 of which
Achilles tendon injuries account for between 6%
and 18%.5 Partial or full-thickness tears of the
rotator cuff are reported to be the cause of most of
the pain and dysfunction associated with the
shoulder,1 3 whereas the vast majority of knee
ligament injuries occur to the ACL.6 The focus of
this review is to highlight the current evidence for
a genetic component of (1) tendon injuries, with
reference to Achilles tendon and rotator cuff
injuries, and (2) ligament injuries, using ACL
injuries as the example. It should be noted that
there are, besides Achilles tendon, rotator cuff and

ACL injuries, other common ligament and tendon
injuries. As genetic contributions, if any, for these
other tendon and ligament injuries have not been
investigated, they have not been discussed in this
review.

SPECTRUM OF INJURIES
It is well recognised that there is a spectrum of
injuries that can affect the Achilles tendon and
surrounding structures,7 the rotator cuff 8–10 and
ACL. With respect to the Achilles tendon, partial or
complete ruptures and overuse injuries (commonly
referred to as either ‘‘tendinopathy’’ or ‘‘tendino-
sis’’) are the most common injuries. For the
purpose of this review, Achilles tendon injuries
will refer to these common injuries, and include
both acute-onset (spontaneous ruptures) and
repetitive-strain overuse injuries (chronic tendino-
pathies). The term tendinopathy rather than
tendinosis was chosen on the basis that (1) some
authors11 prefer to use the term tendinopathy,
which is a non-encompassing term implying that
there is an underlying pathology in and around the
tendon, and (2) several pathological conditions
may coexist in the tendon,12 which often justifies
the use of the term tendinopathy, rather than
tendinosis.

Injuries of the rotator cuff are also classified into
a variety of conditions, and are frequently collec-
tively referred to as rotator cuff disorders10 or
rotator cuff disease.8 9 These disorders can range
from tendinosis to partial or complete tears of the
rotator cuff tendons.8 Only rotator cuff tears will
be considered here. The genetic evidence, admit-
tedly limited, is best developed for these types of
injuries.

The spectrum of injuries that are described in
the ACL is narrower, and, in most instances, ACL
injuries are referred to as either partial or complete
ruptures or tears. For the purpose of this review,
only the possible genetic components related to
complete ACL tears are discussed.

GENETIC RISK FACTORS ASSOCIATED
WITH TENDON AND LIGAMENT INJURIES
The exact aetiology underlying Achilles ten-
don,3 4 13 14 rotator cuff3 and ACL15 16 injuries
remains undefined. Several intrinsic and extrinsic
risk factors have nevertheless been shown to be
implicated in all three types of injuries.8 10 14 16–18

Some studies have also suggested a genetic
predisposition to both Achilles tendon ruptures

Abbreviations: ACL, anterior cruciate ligament; CNV,
copy number variant; ECD, Ehlers–Danlos syndrome; ECM,
extracellular matrix; RFLP, restriction fragment length
polymorphism; SNP, single-nucleotide polymorphism; TNC,
tenascin C; TNX, tenascin X
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and chronic Achilles tendinopathy,19 as well as, more recently,
to tears of the rotator cuff1 and ACL.20

It needs to be emphasised that there is probably a spectrum
of connective tissue disorders with a genetic component. At one
end of the spectrum are the classical Mendelian disorders,
wherein the genetic factors are the major determinants of the
severity and prognosis of the disorder; these have major
implications for the health status of the respective family
members. Examples of the classical Mendelian connective
tissue disorders are, among others, osteogenesis imperfecta
(OI),21 Ehlers–Danlos syndrome (EDS)22 and Marfan’s syn-
drome.23 At the other end of the spectrum are the complex,
multifactorial conditions, wherein the development of the
condition is determined by the complex interactions of multiple
gene products (ie, proteins) and the environment; these are
referred to as gene–gene and gene–environment interactions.
The identification of the genetic components underlying
Mendelian disorders is usually achieved using linkage analysis
or direct candidate gene sequencing.24 However, the identifica-
tion of the genes predisposing individuals (from a population
and not from a family) to an increased risk of developing a
multifactorial condition is more difficult. This search is further
complicated by the likelihood that a number of genes are
involved, each having a small contribution, and by the gene–
environment interactions. Lumbar disc disease is an example of
a multifactorial musculoskeletal condition for which both
genetic and non-genetic factors have been identified, and
interactions between the genetic and non-genetic factors have
also been described.25–29

The identification of several intrinsic and extrinsic risk
factors associated with Achilles tendon injuries, as well as
rotator cuff and ACL tears, suggests that these conditions are
complex, and that both gene–gene and gene–environment
interactions are probably involved in the aetiology of these
conditions.

ACHILLES TENDON INJURIES
Over the past two decades, there have been several publications
investigating the ABO blood group as a biochemical marker for
injuries to the Achilles tendon, and to a lesser extent other
tendons and ligaments.19 30 31 Some of these studies found that
blood group O or the A/O ratio was associated with Achilles
tendon ruptures,19 30 31 other tendon ruptures19 30 including the
long head of the biceps, extensor pollicis longus and the
quadriceps, and Achilles peritendinitis.31 The ABO blood group
has also been reported to be associated with patients with
multiple tendon ruptures or re-ruptures.30 32 In contrast, several
other studies have not found any associations between the ABO
blood group and either Achilles tendon ruptures33–36 or Achilles
tendinopathy in other populations.36

The ABO gene, located on the telomeric end of the long arm
of human chromosome 9 (9q34), encodes for enzymes that
produce the major antigens in the ABO blood group system
(fig 1).37 The fact that some studies found an association
between the ABO blood groups, a biochemical marker for
variants of the ABO gene, and Achilles tendon pathology
justifies investigating this region of chromosome 9 for potential
candidate genes for Achilles tendon injuries.19 31 38 It should be
noted that the lack of association (ie, a negative result) of the
ABO blood group with Achilles tendon injuries in some studies
does not imply that one can exclude the existence of a causal
variant either at the ABO locus or in close proximity (adjacent
gene/s). The explanation for this is beyond the scope of this
review.

As previously reviewed by September et al,39 genes that
encode structural proteins, which include a variety of collagens,
proteoglycans and glycoproteins, are ideal candidate genes for

Achilles tendon injuries. In support of this, the expression of a
number of these genes is either upregulated or downregulated
during Achilles tendon pathology.40 41 Two of these genes,
namely tenascin C (TNC) and COL5A1, together with COL27A1,
have both been localised to the same chromosomal region as
the ABO gene on the telomeric end of the long arm of
chromosome 9 (fig 1).

Recently, two studies following a candidate gene approach,
starting at the ABO locus, identified polymorphisms within the
TNC and COL5A1 genes to be associated with Achilles tendon
injuries in a physically active Caucasian population from South
Africa.42 43 However, no association was observed between the
ABO blood groups and Achilles tendon injuries within these
South African subjects.36 We are also unaware of any published
investigations detailing the functional effects of these two
polymorphisms within TNC and COL5A1 on gene expression or
protein function. The function of the large majority of sequence
variants (polymorphisms) is not known and many of these lie
outside of genes. For this reason, it is common in genetic
association studies to find a statistical correlation of a specific
disease trait with polymorphisms of unknown function, or even
with polymorphisms specifically believed to be non-func-
tional.44 This phenomenon of linkage disequilibrium is observed
because, even though the specific polymorphism has no
functional effect on the observed trait, it is inherited together
with a nearby unknown, causal variant. Furthermore, the
biological marker (the polymorphism shown to be associated
with the trait) and the causal variant do not have to be within
the same gene.

Both studies that have reported an association with a specific
polymorphic marker and Achilles tendon injuries followed a
genetic association approach. The genetic association approach
is currently one of the more common methods used to identify
regions of the human genome that contain genes that
predispose individuals to disease. Although the principles of
genetic association studies have been reviewed previously,39 the
basic principles are summarised below. The genome of
unrelated individuals is highly homologous, with only approxi-
mately 0.1% of the nucleotides within the DNA sequences
differing. These differences or polymorphisms are found over
the entire human genome and can produce different variants or
alleles of the same gene. These alleles can, in some instances,
affect the expression of the gene and/or the function of its
protein product. Individuals can be genotyped for these
polymorphisms, preferably within a gene (intragenic), and
the association of the specific variants with a particular trait
can be determined. The two most important types of
polymorphisms are microsatellites and single-nucleotide poly-
morphisms (SNPs). Microsatellites are loci containing short
stretches of DNA sequences that are repeated in a tandem array
(fig 2A). SNPs, on the other hand, refer to a DNA sequence
variant that involves the substitution of a single base at a
particular position (fig 2B). One can discriminate between the
different bases of a particular SNP using a number of methods,
one of which is the restriction endonuclease method that
produces restriction fragment length polymorphisms (RFLPs).
A restriction endonuclease is an enzyme that is able to cut DNA
at a specific sequence, generating DNA fragments of known
sizes. Often individuals will be genotyped for a number of SNPs
to form a haplotype; a haplotype consists of a number of closely
linked markers present on a single chromosome, which tend to
be inherited together. Haplotype analyses are often more
informative than single polymorphisms in the identification
of disease-susceptible genomic regions. Other polymorphisms,
including copy number variants (CNVs), have also been
associated with diseases and phenotypic traits.45 CNVs refer to
duplications or deletions of several kilobase stretches of
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genomic DNA, and studies have shown that variation in the
copy number of certain CNVs correlates with changes in the
specific gene expression levels.46–48

The first study investigated a GT dinucleotide repeat
polymorphism (a microsatellite) within the TNC gene (fig 2A).
This case–control study included 114 physically active
Caucasian subjects, of whom 72 were clinically diagnosed with
chronic Achilles tendinopathy and 42 with spontaneous
Achilles tendon ruptures, and 127 asymptomatic physically
active Caucasian control subjects.42 The number of GT
dinucleotide repeats within each copy of the TNC gene was
determined in each subject. A significant difference was noted
in the allele (each allele had a different number of GT repeats)
frequencies of this polymorphism between the injured and
control groups (p = 0.001). More specifically, the alleles
containing 12 and 14 GT repeats were over-represented in the
injured group, while the frequencies of the alleles containing 13
and 17 GT repeats were under-represented. Furthermore, the
authors predict that it is likely that individuals who were
homozygous or heterozygous for the under-represented alleles
(13 and 17 GT repeats) may have a lower risk of developing
Achilles tendon injuries (odds ratio = 0.2; 95% confidence
interval (CI) 0.1 to 0.3, p,0.001). Interestingly, there were no
differences in the frequency of the GT dinucleotide repeat
polymorphism between the Achilles tendon rupture and
Achilles tendinopathy groups.

The second study also followed a case–control genetic
association approach, but used two SNPs within the COL5A1
gene (fig 2B). As previously mentioned, in the case of SNPs,
alleles are discriminated by the particular base at a specific
single-nucleotide position. The BstUI and DpnII RFLPs were
used to genotype 111 physically active Caucasian subjects, of
whom 72 were clinically diagnosed with chronic Achilles
tendinopathy and 39 with spontaneous Achilles tendon
ruptures, and 129 asymptomatic physically active Caucasian
control subjects.43 This study suggested that the BstUI RFLP, but
not the DpnII RFLP, was strongly associated with chronic
Achilles tendinopathy but not with Achilles tendon rupture.
This contrasted with the TNC study in which no differences
were observed between these two pathology groups. As
mentioned previously, owing to inheritance patterns (linkage

disequilibrium), it is common for only a subset and not all of
the polymorphisms within a locus to be associated with a trait.

TNC gene
The TNC gene encodes for TNC, which is a glycoprotein
abundantly found in tissues such as tendons subjected to high
tensile and compressive stress.49 The TNC gene expression is
regulated in a dose–response manner by mechanical loading in
tendons.50 51 The protein is able to bind various cell surface
receptors, such as integrins, and other components of the
extracellular matrix, and has therefore been implicated in the
regulation of cell–matrix interactions.52 Moreover, TNC expres-
sion has been shown to be upregulated in Achilles tendino-
pathy,50 providing evidence that TNC is involved in
tendinopathy. It is therefore reasonable to identify the TNC
gene as an ideal candidate gene for Achilles tendon injuries.

COL5A1 gene
The COL5A1 gene encodes the a1 chain (pro-a1(V) chain) of the
low-abundance heterotrimeric type V fibrillar collagen.53 54 The
pro-a1(V) chain is found in most of the isoforms of type V
collagen.55 Type V collagen is found in tendons and other
connective tissues where it regulates the assembly (fibrillogen-
esis) of collagen fibres.56 The COL5A1 gene is also an ideal
candidate gene for Achilles tendon injuries.

If the TNC and/or COL5A1 genes are directly involved in the
aetiology of Achilles tendinopathy, the causal variants within
these genes need to be identified. Recently, Matsuda et al57 have
identified a SNP located in exon 17 of TNC, which causes an
amino acid substitution at position 1677 of a leucine by an
isoleucine. Interestingly, this SNP is adjacent to the GT
dinucleotide microsatellite within intron 17 of this gene. This
amino acid substitution has been predicted to change the
structural stability of the fibronectin III domain contained in
the TNC protein, and has recently been shown to be associated
with adult asthma in a Japanese population.57 The association
of this functional SNP with Achilles tendon injury needs to be
investigated, preferably prospectively. In addition, the findings
of the association studies investigating TNC and COL5A1 need to
be repeated in an independent population. Preliminary data
have, however, shown that the BstUI RFLP within the COL5A1
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gene is also associated with Achilles tendinopathies in a second
Caucasian population from Australia (unpublished data).

The association of polymorphisms within the TNC and
COL5A1 genes with symptoms of Achilles tendon injury does
not prove that either type V collagen or TNC proteins are
directly involved in a cause–effect relationship. It is therefore
still possible that any other gene/s in close proximity to the
aforementioned genes (chromosome 9) may be coding for the
causal protein. COL27A1, which encodes for the homotrimeric
type XXVII collagen, is a recently identified fibrillar collagen
that has also been mapped to the same region as TNC and
COL5A1 (fig 1).58 59 Two enhancer elements that bind SOX 9
have been identified within the COL27A1 gene.60 A non-coding
promoter variant could decrease COL27A1 protein expression
levels without affecting the gene sequence and therefore could
be a potential risk factor for tendinopathy. COL27A1 is
expressed in cartilage, eye, ear, lung and colon of the mouse,
but the precise function of this protein in these tissues is
unknown. It may also be expressed in tendons and should be
investigated.

There are a host of other proteins, besides type V collagen and
TNC, which are involved in the structure and/or function of
tendons. Therefore, the possible association of polymorphisms

in these genes with Achilles tendon injuries should be
investigated.39 61 For example, both type XII and XIV collagens
respond to mechanical loading and are involved in fibrillogen-
esis, processes with which both COL5A1 and TNC are
associated.62 Furthermore, in a rat model of rotator cuff
tendinopathy, it has been shown that type XII collagen is
upregulated during tendon healing.63 Therefore, it would be
interesting to investigate the association of genes encoding
other collagenous and non-collagenous proteins expressed in
tendons.

It is important to note that, although connective tissues
such as tendons are predominantly made up of the extra-
cellular matrix (ECM), the synthesis, degradation and main-
tenance of the ECM depend on the presence of cells within it.
The cell-mediated remodelling and healing of tendons is also a
vital process to maintain healthy tendons. Although the focus
of this and another39 review has been on genes that encode the
structural proteins of tendons, other genes encoding proteins
involved in other biological processes within tendons could
also be considered as candidate genes for Achilles tendon
injuries. The regulation of different biological processes within
tendons, such as the remodelling, degradation and healing
processes, are all vital and are performed by specific
proteinases, the proteinase inhibitors, growth factors, cyto-
kines and regulators of apoptosis. The proteinases found in
tendons such as the matrix metalloproteinases and the
ADAM-TS (A disintegrin and metalloproteinase-thrombos-
pondin) family,61 64 as well as the tissue inhibitors of
metalloproteinases,64 can all be considered as candidate genes
for Achilles tendon injuries. Detailed reviews on regulatory
enzymes found in the ECM have been published.61 64 65

However, none of the genes encoding these ECM regulatory
proteins have been mapped to the telomeric end of the long
arm of chromosome 9, as evident from the various databases
on NCBI.36 39

Apoptosis has received some attention as one possible
mechanism associated with mechanical loading-induced tendin-
opathy.66 Any gene encoding for proteins involved in these, or
any other biological process in tendons, could be a potential
genetic risk factor for Achilles tendon injuries. Several genes
involved in apoptosis have also been mapped to the telomeric
region of chromosome 9q.36 Owing to the nature of genetic
association studies, the association of polymorphisms within
the TNC and COL5A1 genes with Achilles tendon injuries could
be attributed to the causal variants within any one of these
genes.

The aetiology of Achilles tendon injuries is multifactorial,
and therefore it is important that future studies investigate
the interactions of the different intrinsic and extrinsic risk
factors. The interaction of COL5A1 and TNC with environmental
factors, such as body weight and exposure to physical activity,
could not be excluded from the previous studies and therefore
needs to be investigated.42 43 An interaction of increased body
weight with COL9A3 has been reported in lumbar disc
degeneration.29

It is interesting to note that mutations in COL5A1 and
tenascin X (TNX) have been associated with both EDS and
benign joint hypermobility syndrome.67 68 Since TNC belongs to
the same family as TNX, it will therefore be biologically
plausible to investigate the function of TNX in tendons. In
addition, there have been case reports in which the sponta-
neous rupture of the Achilles tendon or patellar tendon has
been noted in individuals diagnosed with EDS type II, an
autosomal dominant condition for which mutations within the
COL3A1 gene have been identified.69–71 COL3A1 may therefore be
a good candidate gene for spontaneous Achilles tendon
ruptures.

atagcccaaa gagaggtgcc catgcgcgtg gctgcttGTG

TGTGTGTGTG TGTGTGTGTG TGTGTGTGTG Tctcaactgc

ctgtgctcca ggaccaggag aagacagaag ggctct

GGGCTAGGAG CCGCCGAGCC CGGGCTCCCG AGAGCAACCT 
stop codon

CGTGACCTCA GCATGCCATT GCTTCGTGAG TGTCCCGTGC 

ACGTCCTGAC CCTGGACAGT GAAGGCTTCT CCCTCCCCTC 
T (DpnII)

CCACCTGACT TCATCTACGC CTCGGCACCA CGGGGTGTGG 

GACCCCAGCC CGGAGAGAAC AGAGGGAAGG AGCCGCGCCC 

CCACCTGGAG CTGAATCACA TGACCTAGCT GCACCCCAGC 

GCCTGGGCCC GCCCCACGCT CTGTCCACAC CCACGCGCCC
T (BstUI) 

A

B

Figure 2 Nucleotide sequences of polymorphic regions within the human
(A) TNC and (B) COL5A1 genes. (A) The nucleotide sequence, GenBank
accession number Z11654, corresponds to part of intron 17 of the TNC
gene and contains the GT dinucleotide repeat polymorphism (shown in
capital letters). This sequence contains 17 GT dinucleotide repeats. (B) The
nucleotide sequence, GenBank accession number AL603650, corresponds
to part of the 39 end (exon 67) of the COL5A1 gene. The positions of two
single-nucleotide polymorphisms (SNPs), together with the restriction
enzyme used to genotype individuals for these SNPs, are shown. The
alternative nucleotide is given under the wild-type sequence. The stop
codon, as well as the DpnII (GA/TC; rs13946) and BstUI (CG/CG;
rs12722) restriction sequences, both located in the 39-untranslated region
of the gene, are underlined.
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TEARS OF THE ROTATOR CUFF AND ACL
In recent years, two studies have reported the investigation of
the genetic susceptibility to tears of the rotator cuff and tearing
of the ACL.1 20 Both studies provided evidence relating to the
genetic contribution of injuries to the rotator cuff and ACL,
which were based on clinical information collected from
affected individuals, their siblings and matched controls.

The study by Harvie et al1 investigated a prospective, cross-
sectional study of individuals with full-thickness tears of the
rotator cuff. They evaluated 213 patients, 150 spouses and 129
siblings. The participants completed the Short Form-36 Health
Survey Questionnaire, the Oxford Shoulder Score, and the
Score of Constant and Murley for each shoulder, and, in
addition, all underwent ultrasound examinations of both
shoulders. The study showed that siblings had more than twice
the risk of developing tears of the rotator cuff (relative to a
control group) (p,0.001) and nearly five times the risk of
experiencing symptoms (p,0.001). This illustrates that there is
a significant genetic susceptibility towards the development of
full-thickness tears of the rotator cuff and the associated
symptoms.

The case–control study by Flynn et al20 was the first to
investigate the familial predisposition to tears of ACL. This
particular study was a retrospective, questionnaire-based, case–
control study, and therefore provides weak evidence of a
genetic contribution. A total of 348 affected and 384 control
subjects completed the questionnaire. The study reported that a
greater proportion of subjects with an ACL tear had at least one
relative with an ACL tear in comparison to the matched
controls (p = 0.013). More specifically, individuals with an ACL
tear are twice as likely to have a relative with an ACL tear and
more than twice as likely to have a first-degree relative with an
ACL tear, suggesting that there may be a genetic contribution to
tears of the ACL.

The authors1 20 provide a detailed description of the limita-
tions of the two respective studies. However, the findings from
these studies suggest that there is a genetic risk to developing
full-thickness tears of the rotator cuff and ACL tears.
Interestingly, no associations were found between the ABO
blood groups and rotator cuff impingement31 or ACL ruptures.31

However, as previously discussed, this does not imply that the
ABO locus or, more specifically, genes within this region can be
excluded.

The functions of tendons and ligaments are very different:
(1) ligaments connect two articulating bones across a joint and
are responsible for maintaining joint congruency and guiding
joint movement; (2) tendons, on the other hand, connect
muscle to bone and convert muscle contractions to joint
motion. However, normal ligaments and tendons are very
similar in their compositions, with only certain minor varia-
tions.72 Although these injuries have different pathologies, they
do share a few extrinsic and intrinsic risk factors. It is therefore
conceivable that they may also share, at least some, similar
genetic risk factors. For this reason, it is feasible that TNC and
COL5A1, as well as other structural candidate genes, should be
investigated for associations with both rotator cuff and ACL
injuries.

CONCLUSION
The aetiologies of spontaneous Achilles tendon ruptures,
chronic Achilles tendinopathies, rotator cuff injuries and ACL
injuries are complex and result from a combination of intrinsic
and extrinsic risk factors. Polymorphisms within the COL5A1
and TNC genes, which are both located in close proximity with
the ABO gene, have been shown to be associated with Achilles
tendon injury in a physically active South African Caucasian
population.42 43 The functions of these polymorphisms are

currently unknown, and it remains to be investigated whether
these polymorphisms are also associated with either rotator cuff
or ACL injuries.

It is important that the COL5A1 and TNC association studies
are repeated in another population, as this will provide added
strength and confidence that the associations identified are
reflecting biological processes, which are important in compre-
hending the disease aetiology. The sequence variants within the
TNC and COL5A1 genes associated with Achilles tendon
pathology may in future be used as potential genetic markers
to identify individuals with an increased genetic risk for
developing Achilles tendon injuries. However, it must be stated
that these markers cannot be used as a diagnostic tool for
Achilles tendon pathology, and that much research is still
required before any genetic service can be offered.
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. . . . . . . . . . . . . . . COMMENTARY . . . . . . . . . . . . . . .

The authors review the association of genetic variants with
tendionous and ligamentous injuries, including repetitive strain
injuries. Such studies offer preliminary data to suggest that
variation in genes such as tenascin C and collagen V may be
additive with other risk factors (eg, repetitive use and sudden
trauma) in the aetiology of these injuries.
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