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Many Achilles tendon injuries, ranging from chronic
tendinopathy to rupture, are associated with participation
in either recreational or competitive sports.17 To date,
research on Achilles tendon injury has focused primarily
on its management rather than on causal mechanisms.
Both intrinsic and extrinsic factors have nevertheless been
implicated in the causes of this condition.21,29 Intrinsic fac-
tors believed to be associated with the condition include
previous injury, increased age, reduced blood supply to the
tendon, poor nutrition, lower limb malalignment, reduced
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flexibility, male gender, systemic disease, and corticosteroids
and quinoline antibiotics. Extrinsic factors include occupa-
tion, physical activity, training errors, cold weather, run-
ning surface, and shoes and other equipment.

It has also been suggested that certain genetic elements
are associated with a person’s susceptibility to Achilles
tendon injury. This idea has recently been highlighted by
the finding of a significantly higher involvement of bilat-
eral Achilles tendon ruptures in subjects with a previous
unilateral rupture.2 In addition, some investigators have
shown that persons with blood group O are more suscepti-
ble to tendon injuries.16,17,19,20 These findings suggest that
either the ABO gene or a closely linked gene(s) may be
associated with tendon injury.

The extracellular matrix glycoprotein tenascin-C is
expressed in a variety of tissues, including tendons,24 and
is encoded by the tenascin-C (TNC) or hexabrachion
(HXB) gene, which is closely linked to the ABO gene on
chromosome 9q32-q34.3,31 Tenascin-C binds other compo-
nents of the extracellular matrix and cell receptors, and it
plays an important role in regulating cell-matrix interac-
tions.14 In normal adult tendons, it is expressed predomi-
nately in regions responsible for transmitting high levels
of mechanical force, such as the myotendinous and osteo-
tendinous junctions.7,8,12 The protein is also expressed
around the cells and collagen fibers of the Achilles tendon.13

In addition, Järvinen et al12,13 have shown that expression
of the TNC gene is regulated in a dose-dependent manner
by mechanical loading in tendons.

Isoforms of the protein, with distinct functions, are pro-
duced by alternative splicing of the primary transcript.5,14

Riley et al30 have shown that healthy tendons express a
small, 200-kd tenascin-C isoform, while degenerate ten-
dons also express a functionally distinct, larger 300-kd iso-
form. In investigating this finding, Ireland et al,11 but not
Alfredson et al,1 have reported an increase in tenascin-C
expression in biopsy samples of chronic Achilles
tendinopathies using cDNA arrays.

Tenascin-C is an ideal candidate genetic marker of ten-
don injury for the following reasons: (1) Several investiga-
tors have suggested that either the ABO gene or a closely
linked gene(s) on the tip of the long arm of chromosome 9
may be associated with Achilles tendon injuries16,17,20; (2)
the TNC gene has been mapped to chromosome 9q32-q34,
which is in close proximity to the ABO gene3,31; (3) the gene
encodes for tenascin-C, which is an important structural
component of tendons12,13; and (4) tenascin-C expression is
regulated by mechanical stimuli12,13 and altered during
tendon injury.11,30 The TNC gene contains a guanine-
thymine (GT) dinucleotide repeat polymorphism (a tan-
dem repeat consisting of a repeated 2–base pair sequence
of varying lengths in different people) within intron 17 (an
intervening DNA sequence within a gene which does not
encode for a protein). The influence of this polymorphism
in the expression of the gene or the biological function of
tenascin-C is, to our knowledge, unknown. The aim of this
study was therefore to investigate the association of the
GT dinucleotide repeat polymorphism within intron 17 of
the TNC gene with Achilles tendon injuries.

MATERIALS AND METHODS

Subjects

The Medical Practice at the Sports Science Institute of
South Africa and other clinical practices within the greater
Cape Town area of South Africa invited patients with a
current or past Achilles tendon injury (ATI) to participate
in the study. Eligible patients were sent a letter informing
them about the study and requesting those interested in
volunteering to contact one of the investigators (G.G.M.).
As a result, 114 physically active white patients with
symptomatic Achilles tendon injuries (72 chronic Achilles
tendinopathies and 42 acute Achilles tendon ruptures)
were recruited for this study.

The diagnostic criteria for every subject were reviewed
by one of the investigators (M.P.S.). The clinical diagnostic
criterion for the subjects with chronic Achilles tendinopa-
thy was gradual, progressive pain in the posterior lower
limb, localized to the Achilles tendon by manual examina-
tion, for longer than 6 months. In addition, one of the fol-
lowing criteria had to be fulfilled for inclusion in the study:
(1) early-morning pain in the Achilles tendon area, (2)
early-morning stiffness in the Achilles tendon area, (3) his-
tory of swelling in the Achilles tendon area, (4) tenderness
to palpation in the Achilles tendon, (5) palpable nodular
thickening in the affected Achilles tendon, or (6) move-
ment of the painful area in the Achilles tendon with plan-
tar-dorsiflexion (positive shift test).18,28,32 The diagnosis
was confirmed by soft tissue ultrasound examination of
the affected Achilles tendon in 22 subjects with tendinopathy.

For the subjects with Achilles tendon rupture, the diag-
nosis was made clinically using standard criteria.23,25,32 In
all cases of rupture, the diagnosis was confirmed by either
examination at the time of surgery, ultrasound imaging,
MRI, or CT scan.

In addition, 127 apparently healthy physically active
white subjects without any history of symptomatic
Achilles tendon injuries were recruited as a control (CON)
group for this study. The ATI and CON groups were simi-
larly matched for age, gender, and, to avoid any possible
effects of population stratification, country of birth.

Approval of this study was obtained from the Research
Ethics Committee of the Faculty of Health Sciences within
the University of Cape Town (Reference Number
170/2002). Once recruited, the subjects were required to
sign an informed consent form, as well as to provide per-
sonal information and to complete physical activity and
medical history questionnaires before participation.

Sample Collection, Total DNA Extraction, 
and Blood Grouping Analysis

Approximately 4.5 mL of venous blood was obtained from
each subject by venipuncture of a forearm vein and col-
lected into an ethylenediaminetetraacetic acid (EDTA)
vacutainer tube. Blood samples were stored at 4°C until
total DNA extraction, as described by Lahiri and
Nurnberger,22 could be undertaken.
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TNC Genotyping

The GT dinucleotide repeat polymorphism within the TNC
gene was polymerase chain reaction (PCR)–amplified as
described by Ozelius et al.27 The resultant PCR products
were resolved with 4% polyacrylamide gels using an ABI
PRISM 377 DNA sequencer (Applied Biosystems, Foster
City, Calif).

Statistical Analyses

Data were analyzed using the STATISTICA version 6.1
program (StatSoft Inc, Tulsa, Okla). A 1-way analysis of
variance was used to determine any significant differences
between the characteristics of the ATI and CON groups. A
Pearson χ2 test was used to analyze any differences in gen-
der and country of birth between the experimental groups.
The allele frequencies of the TNC gene were analyzed
using the Monte Carlo test (CLUMP program, version
2.0).33 The odds ratios and 95% confidence intervals were
determined using GraphPad InStat version 2.05a
(GraphPad Software, San Diego, Calif). Where applicable,
data were presented as means ± standard deviations or as
frequencies with numbers of subjects in parentheses.
Statistical significance was accepted when P < .05.

RESULTS

Subject Characteristics

The ATI and CON subjects were similarly matched for age,
height, gender, and country of birth (Table 1). The ATI
group, however, was significantly heavier, with a corre-
sponding higher body mass index than that of the CON
group.

In the ATI group, 72 subjects were diagnosed with
chronic Achilles tendinopathy and 42 with either a partial
(n = 3) or complete (n = 39) rupture of the Achilles tendon.

Seventeen patients had a history of tendinopathy before
the rupture. In addition, 41 subjects diagnosed with
Achilles tendon rupture experienced acute pain in the pos-
terior lower leg. The diagnosis in the group with acute rup-
tures was confirmed at the time of surgery (37 patients),
with soft tissue diagnostic ultrasound (5 patients), MRI (2
patients), or CT scan (1 patient). Diagnosis was confirmed
by surgery as well as by one of the imaging techniques in
3 patients. In the subjects diagnosed with tendinopathy, 70
patients experienced gradual progressive pain, 59 were
tender to palpation, while 16, 39, and 23 patients reported
early-morning pain, early-morning stiffness, and a history
of swelling, respectively. Palpable thickening was docu-
mented in 13 patients, and a positive shift test was docu-
mented in 8 patients. Twenty-two of the tendinopathy
diagnoses were confirmed by ultrasound. Thirty subjects
in the ATI group had bilateral Achilles tendon injuries
(tendinopathy or rupture).

The majority of subjects injured the Achilles tendon
while running (n = 49, 43.0%) or playing squash (n = 19,
16.7%). Because 65% of the subjects participated in dis-
tance running, the ATI and CON groups were matched for
the number of years they participated in running activities
(P = .651) (Table 2). During the past 2 years, the ATI sub-
jects trained for running significantly less than did the
CON group (P < .001). The ATI group, however, participated
for significantly more years in high-impact sports than did
the CON group (P < .001). There was no significant differ-
ence in the hours of training in high-impact sports during
the past 2 years between the 2 groups (P = .07).

TNC Genotyping

As shown in Table 3, 18 different alleles (alternative forms
of a specific gene) of the GT dinucleotide repeat polymor-
phism within the TNC gene were identified within the 2
groups (ATI, 14 alleles; CON, 15 alleles). The number of
GT repeats within the identified alleles ranged from 3 to
21, with 95.0% of the alleles containing between 12 and 17
repeats. There was a significant difference in the distribu-

TABLE 1
Characteristics of the Control (CON) and

Achilles Tendon Injury (ATI) Groupsa

CON (n = 127) ATI (n = 114)

Age, y 40.4 ± 10.8 (120) 39.8 ± 13.3b (112)
Height, cm 175 ± 9 (120) 176 ± 9 (112)
Weight, kg 71.4 ± 11.9 (123) 80.8 ± 15.3 (112)c

Body mass index,
kg/cm2 23.3 ± 2.7 (120) 26.0 ± 4.0 (112)c

Gender, % males 63.5 (126) 72.8 (114)
Country of birth,

% South Africa 69.7 (122) 76.6 (111)

aValues are expressed as means ± standard deviations or per-
centages where applicable. Numbers of subjects are in parenthe-
ses.

bAge at onset of symptoms.
cP < .001.

TABLE 2
Participation in Physical Activity and Training of the

Control (CON) and Achilles Tendon Injury (ATI) Groupsa

CON (n = 127) ATI (n = 114)

Running, y 7.9 ± 8.1 (127) 8.5 ± 10.6 (114)
Running in the 

past 2 years,
h/wk 3.3 ± 2.9 (123) 2.0 ± 2.6 (102)b

High-impact 
sports, y 11.5 ± 8.6 (127) 19.6 ± 13.0 (114)b

High-impact sports 
in the past 2 years,
h/wk 5.1 ± 4.9 (127) 3.9 ± 5.0 (114)

aValues are expressed as means ± standard deviations. Numbers
of subjects are in parentheses.

bP < .001.
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tion of the alleles between the ATI and CON groups (χ2 =
51.0, P = .001), with the alleles containing 12 and 14 GT
dinucleotide repeats being significantly overrepresented
in the ATI group (χ2 = 21.6, P < .001) (Table 3 and Figure
1). The alleles containing 13 and 17 repeats were, on the
other hand, significantly underrepresented in the ATI sub-
jects (χ2 = 42.4, P < .001) (Table 3 and Figure 1). Alleles
were grouped according to those significantly overrepre-
sented, containing 12 or 14 GT dinucleotide repeats (O),
those significantly underrepresented, containing 13 or 17
repeats (U), or alleles evenly distributed (E), and were
then paired by genotype (genetic constitution) (Figure 2).
Subjects with a genotype of UU (32 CON, 25.2% vs 9 ATI,
7.9%) or UE (47 CON, 37.0% vs 15 ATI, 13.2%) were sig-
nificantly underrepresented in the ATI group (odds ratio,
6.2; 95% confidence interval, 3.5-11.0; P < .001). With
respect to the O alleles, subjects who were either homozy-

gous (containing 2 identical alleles; OO) or heterozygous
(containing 2 different alleles; OE or OU) were overrepre-
sented in the ATI subjects (OO = 5 CON, 3.9% vs 14 ATI,
12.3%; OE = 17 CON, 13.4% vs 32 ATI, 28.1%; OU = 1
CON, 0.8% vs 4 ATI, 3.5%). Interestingly, the frequency of
the EE genotype was higher in the ATI group (n = 40,
35.1%) than in the CON group (n = 25, 19.7%) (Figure 2).

DISCUSSION

The novel finding of this study was that the allele distri-
butions of the GT dinucleotide repeat polymorphism within
the TNC gene were significantly different between the
subjects presenting with symptoms of Achilles tendon
injuries and the asymptomatic subjects. The frequency of
the alleles containing 12 and 14 GT repeats was signifi-
cantly higher in the symptomatic subjects, whereas the
frequency of the alleles containing 13 and 17 GT repeats
was significantly higher in the asymptomatic control sub-
jects. Further analysis demonstrated that those subjects
who were homozygous or heterozygous for the underrepre-
sented alleles (containing either 13 or 17 GT repeats) were
6.2 times less likely to develop injuries of the Achilles ten-
don. The heterozygous subjects did not contain an allele

Figure 1. Allele frequencies of the guanine-thymine (GT) din-
ucleotide repeat polymorphism within the tenasin-C gene of
the asymptomatic control (CON) and symptomatic Achilles
injury (ATI) groups. The frequencies of the rare alleles contain-
ing less than 11 and greater than 18 repeats are not shown.
O, overrepresented alleles; U, underrepresented alleles.

Figure 2. Genotype frequencies of the guanine-thymine (GT)
dinucleotide repeat polymorphism within the tenasin-C gene
of the asymptomatic control (CON) and symptomatic Achilles
injury (ATI) groups. O, overrepresented alleles containing 12
or 14 GT dinucleotide repeats; U, underrepresented alleles
containing 13 or 17 repeats; E, evenly distributed alleles.

TABLE 3
The Distributions of the TNC Gene’s 18 Guanine-
Thymine (GT) Dinucleotide Repeat Polymorphism

Alleles Within the Control (CON) and
Achilles Tendon Injury (ATI) Groupsa

Number of 
GT Repeatsb CON (n = 254) ATI (n = 228)

3 0.4 (1) 0.4 (1)
4 0.4 (1) 0.0 (0)
5 0.4 (1) 0.4 (1)
6 0.4 (1) 1.3 (3)
7 0.0 (0) 0.4 (1)
8 0.4 (1) 0.0 (0)
9 0.0 (0) 0.4 (1)

11 0.0 (0) 1.3 (3)
12c 10.2 (26) 18.9 (43)
13d 24.0 (61) 8.8 (20)
14c 0.8 (2) 9.2 (21)
15 17.3 (44) 21.5 (49)
16 22.8 (58) 28.9 (66)
17d 20.1 (51) 7.5 (17)
18 1.2 (3) 0.4 (1)
19 0.4 (1) 0.0 (0)
20 0.4 (1) 0.4 (1)
21 0.8 (2) 0.0 (0)

aValues are expressed as percentages (numbers of alleles).
bThe number of GT repeats was calculated from the size of the

polymerase chain reaction products and the published sequence,
accession no. Z11654.

cAlleles significantly overrepresented within the ATI group (12
repeats, P = .010 and 14 repeats, P < .001).

dAlleles significantly underrepresented in the ATI group (13
repeats, P < .001 and 17 repeats, P < .001).
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with either 12 or 14 repeats. Interestingly, Årøen et al2

have recently suggested, based on their findings, that
there was an increased risk for a rupture of the contralat-
eral Achilles tendon in patients who had previously rup-
tured the other side, that a genetic predisposition for
Achilles tendon ruptures is likely.

Tenascin-C is expressed in numerous tissues and, in
particular, areas subject to high tensile stress such as ten-
dons, ligaments, and arterial walls.10 The expression of
this extracellular matrix protein is usually absent or very
low in fully differentiated tissues but is upregulated dur-
ing embryogenesis, tissue regeneration, wound healing,
and certain pathologic conditions.10,14,15 Tenascin-C has a
characteristic modular structure consisting of a tenascin
assembly (TA) domain, heptad repeats, epidermal growth
factor (EGF)–like repeats, fibronectin type III (FN-III)
domains, and fibrinogen-like globular domain.5,14 Because
of its modular structure, the protein is able to interact
with various other proteins such as fibronectin and with
glycosaminoglycan components of the extracellular
matrix. The glycosaminoglycan components include the
family of chondroitin sulphate proteoglycans known as lec-
ticans (aggrecan, versican, brevican, and neurocan).
Tenascin-C also interacts with numerous cell surface
receptors, such as integrins, cell adhesion molecules
(CAM), and annexin II. These diverse interactions are
believed to play an important role in regulating cell-
matrix interactions.

Investigators have suggested that apoptosis of tendon
cells precedes tendinopathy.26 Abnormal mechanical load-
ing is believed to initiate this programmed cell death in
tendons. Because mechanical signals are able to alter the
synthesis of tenascin-C,6,7,9 which in turn is able to regu-
late cell-matrix interactions, it is tempting to speculate
that this protein may play an important role in the pro-
posed apoptotic model of tendinopathy. This theory invites
future study.

The association of the TNC gene with symptoms of
Achilles tendon injury does not prove that the tenascin-C
protein is involved in a cause-effect relationship. It is also
possible that another gene(s) within this locus may be
involved. In addition, it is highly unlikely that a single
gene on chromosome 9q32-q34 is exclusively associated
with the development of Achilles tendon injuries, since
numerous proteins are involved in tendon structure,
development, and regeneration.4,34 These alternative pos-
sibilities need to be further investigated.

Besides the involvement of genetic factors, investigators
have identified a number of nongenetic intrinsic and
extrinsic factors that are implicated in the development of
Achilles tendon injuries. These factors include body
weight, type of activity, and type of training.29 Because the
subjects in this study with symptoms of Achilles tendon
injury were significantly heavier and had participated for
significantly more years in high-impact sports than the
asymptomatic control subjects, any possible interactions of
weight and load with genetic background in the develop-
ment of Achilles tendon injury cannot be excluded and
needs to be further investigated. Nevertheless, although
Achilles tendon injuries are typically chronic, the first

symptoms usually develop within the first few years of
beginning regular weightbearing physical activity.
Because the subjects in the control group had been active
for an average of 11.5 years and were currently partici-
pating in high-impact sports for an average of 5 hours per
week, it seems improbable that their apparent resistance
to Achilles tendon injuries was due purely to a lesser expo-
sure to high-impact loading of their Achilles tendons.

In conclusion, the GT dinucleotide repeat polymorphism
within intron 17 of the TNC gene is associated with the
symptoms of chronic Achilles tendon injury. Alleles con-
taining 12 and 14 GT repeats were overrepresented in sub-
jects with Achilles tendon injuries, while the alleles con-
taining 13 and 17 repeats were underrepresented.
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