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Background: A familial predisposition to the development of rotator cuff tearing has been
previously reported. Very little information exists on the development of global tendon dysfunc-
tion in patients with rotator cuff tears. The purpose of the current study was to determine the
incidence of global tendon dysfunction as well as the need for surgery for tendon dysfunction
in patients with rotator cuff tears and their family members and compare them to age-matched
controls.

Methods: Ninety two patients with full-thickness rotator cuff tears and 92 age-matched controls
with no history of shoulder dysfunction or surgery responded to several questions regarding
tendon diseases in themselves as well as their family members. Individuals were queried regard-
ing the presence of tendon diseases other than the rotator cuff, the need for surgery on these
other tendinopathies, the presence of family members having tendinopathies including rotator
cuff disease, and the need for family members to have surgery for these problems. Chi-square
analysis was performed to compare the incidences between cases and controls (P<<0.05 was
considered significant).

Results: The average age of patients in the rotator cuff tear group and control groups were
58.2447.4 and 58.4248.5 years, respectively (P=0.876). Results showed 32.3% of patients in
the rotator cuff tear group reported that family members had a history of rotator cuff problems
or surgery compared to only 18.3% of the controls (P=0.035), and 38.7% of patients in the
rotator cuff tear group reported they had a history of other tendon problems compared to only
19.3% of individuals in the control group (P=0.005).

Conclusion: Individuals with rotator cuff tears report a higher incidence of family members
having rotator cuff problems or surgery as well as a higher incidence of other tendinopathies
compared to controls. This data further supports a familial predilection for the development of
rotator cuff tearing and generalized tendinopathies.
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Introduction

The etiology of rotator cuff disease is unknown but thought to be multifactorial.
Possible etiologies of rotator cuff tendonitis or tearing include limited vascularity of
the tendon, mechanical impingement on the undersurface of the acromion, and intrinsic
degeneration.'® The natural history data on rotator cuff disease supports a familial
component.* Sibling data exist regarding the presence of rotator cuff disease which
suggest a familial pattern and therefore potentially a genetic influence.’ Finally, there
is emerging evidence that suggests other tendinopathies have genetic origins includ-
ing possible abnormalities of the collagen 541 (COL5AI) gene or tenascin C (TNC)
gene, both localized to chromosome 9.¢* Consequently, there may be a predisposition
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for patients with one type of tendinopathy to develop a sub-
sequent tendinopathy, as well as have family members at an
increased risk for developing tendinopathies.

When specifically looking at rotator cuff tendon injuries,
several studies suggest a genetic influence on development
of the disease. Yamaguchi et al evaluated 586 patients who
had a diagnostic shoulder ultrasound for shoulder pain and
found a strong trend of reported family history of rotator
cuff tearing in individuals with a rotator cuff tear compared
to those without a tear (10.9% versus 6.9%, P=0.06).* Harvie
et al retrospectively evaluated the 129 siblings of a cohort of
205 patients diagnosed with full-thickness rotator cuff tears
by ultrasound to identify the prevalence of rotator cuff tearing
in this sibling population.’ They determined that siblings of
patients with full-thickness rotator cuff tears had an increased
relative risk for tearing compared to controls. These same
authors reevaluated the same cohort of siblings and controls
5 years later for progression of tearing.” The authors deter-
mined that the relative risk of full-thickness tears in siblings
compared to controls was significantly greater 5 years after the
initial evaluation. Similarly, tear enlargement occurred 16%
of the time in siblings and only 1.5% of the time in controls
over the 5-year period. Finally, previously published results
support a genetic predisposition for individuals with rotator
cuff disease utilizing a large population database.'® This study
suggests familial and genetic factors likely have a role in the
development and the progression of rotator cuff disease and
tearing. No prior studies have evaluated the coexistence of
various tendinopathies within the same individual and the
coexistence of various tendon diseases within family members
of patients with tendinopathies.

The purpose of this study was to determine the incidence
of various tendinopathies and a family history of tendinopa-
thies in a group of patients with full-thickness rotator cuff
tears and compare these rates to age-matched controls. Our
hypothesis was that patients with full-thickness rotator cuff
tears will have a higher reported incidence of other treated
tendinopathies and family members with tendinopathies
than age-matched controls. Evidence from this study could
further strengthen the argument of a familial and genetic
predisposition for the development of rotator cuff tearing
and generalized tendinopathies.

Materials and methods

A cohort of patients with magnetic resonance imaging
(MRI)-confirmed, symptomatic, full-thickness rotator
cuff tears were recruited into this study as part of a larger
study evaluating the genetic predisposition for rotator cuff

tearing. Each patient with a rotator cuff tear was recruited
out of the primary surgeon’s clinic (RZT), and all had a
full-thickness rotator cuff tear confirmed by MRI. Prior to
initiating recruitment, the study was approved by the Uni-
versity of Utah investigational review board. All patients
subsequently completed a written questionnaire regarding
information on their medical, social, and family history.
Information obtained included data regarding the presence
of other tendinopathies, the occurrence of surgical proce-
dures for other tendinopathies, the presence of a family
history of rotator cuff disease and other tendinopathies in
general, and the occurrence of surgical treatment of these
tendon problems in family members. All patients completed
a shoulder functional outcome questionnaire including the
Simple Shoulder Test (SST).!! A total of 179 patients were
recruited into the rotator cuff tear group.

A separate cohort of individuals was recruited as
population-based controls to compare against the cohort of
patients with documented full-thickness rotator cuff tears.
Individuals were recruited in the waiting areas of three differ-
ent clinics at the University of Utah. All of the clinics where
control cohort individuals were recruited had no relation to
the treatment of musculoskeletal diseases. Inclusion criteria
were any individual over the age of 18 with no shoulder pain
and no prior shoulder injury or surgery. Study participants
completed the same questionnaire evaluations as the patients
with full-thickness rotator cuff tears. The control cohort also
completed the SST. A total of 122 individuals were recruited
into the control group.

Since age is known to have a strong correlation with
the development of symptomatic and asymptomatic rotator
cuff tears, a matched subset of these two groups was used to
perform the analysis. Matching was based on age to within
5 years. The final sample consisted of 93 patients with rotator
cuff tears and 93 age-matched population controls.

Statistical analysis

Student’s #-test was performed to compare ages and SST
scores between the rotator cuff tear and control groups.
Chi-square analysis was performed to compare the number of
“yes” and “no” answers to the following questions between
the rotator cuff tear and control groups: 1) “Do any of your
family members have a history of rotator cuff problems or
surgery?”’; 2) “Do any of your family members have a his-
tory of tendon problems or surgery?”’; 3) “Do you have a
history of any other tendon problems?”’; 4) “Have you had
any other prior tendon surgeries?” The significance level
was set at P<<0.05.
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Results
The average age of patients in the rotator cuff tear group
and control groups was 58.2417.4 and 58.42+8.5 years,
respectively (P=0.876). There was a normal distribution of
individuals between age groups (groupings every 5 years)
from ages 40 to 75 (Figure 1). As seen in Figure 2, there were
72 males and 21 females in the rotator cuff tear group and
55 females and 38 males in the control group. Since there is
evidence supporting an increased incidence of tearing based
upon sex, matching was performed based upon age. The
average SST score of the rotator cuff tear group was signifi-
cantly lower than that of the control group (4.5£3.5 versus
10.9£2.1, P<<0.001).

When asked “Do any of your family members have
a history of rotator cuff problems or surgery?”, 32.3% of
patients in the rotator cuff tear group answered yes, while
only 18.3% of individuals in the control group answered yes
(P=0.035). When asked “Do any of your family members
have a history of tendon problems or surgery?”, 22.8% of
patients in the rotator cuff tear group answered yes, while
only 17.5% of individuals in the control group answered yes
(P=0.407). When asked “Do you have a history of any other
tendon problems?”, 38.7% of patients in the rotator cuff tear
group answered yes, while only 19.3% of individuals in the
control group answered yes (P=0.005). Finally, when asked
“Have you had any other prior tendon surgeries?”, 18.3% of
patients in the rotator cuff tear group answered yes, while
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Figure | Age distribution of rotator cuff tear group (grey) and control group
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Abbreviation: MRI, magnetic resonance imaging.
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Figure 2 Sex distribution of rotator cuff tear group (grey) and control group
(white).
Abbreviation: MRI, magnetic resonance imaging.

only 13.6% of individuals in the control group answered
yes (P=0.605).

Discussion

A familial predisposition to rotator cuff tearing has been
previously identified. Very little information exists regarding
the association of rotator cuff tearing and the presence and
treatment of other tendinopathies. In this study, patients
with full-thickness rotator cuff tears reported statistically
significant higher rates of family members having rotator cuff
problems and higher rates of other tendon problems compared
to age-match population controls. Patients with full-thickness
rotator cuff tears reported higher rates of family members
with various tendon problems and higher rates of having
other prior tendon surgeries compared to controls, although
the differences were not statistically significant. This data
further supports that there is a familial component to rotator
cuff tearing. Furthermore, individuals with a single tendon
problem (rotator cuff tearing) are more likely to develop
another tendon problem.

The findings from this study support a potential genetic
predisposition for rotator cuff tearing and the development of
tendinopathies. Previously published research demonstrates a
potential genetic predisposition for rotator cuff tearing using
the Utah Population Data Base.'® Tashjian et al'® identified
individuals treated for rotator cuff disease who also had at
least three generations of genealogy data. A high-risk popula-
tion for a genetic contribution was identified (young patients
under the age of 40; n=652), with significantly elevated
risk of developing rotator cuff disease in family members
of individuals with rotator cuff disease (cases) compared
to individuals without rotator cuff disease (controls) out to
third-degree relatives (relative risk =1.81, P=0.0479). The
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observation of significantly elevated risk to distant relatives
of cases strongly supports a heritable predisposition to rota-
tor cuff disease. The current data further support a familial
component to the etiology of rotator cuff tearing.

Very limited data exist regarding the association between
various tendinopathies. The largest body of data evaluating the
genetic link between tendinopathies is reported for patients
with Achilles tendinopathy or tearing. Several studies have
reported a correlation between blood groups O or the A/O
ratio and Achilles tendon ruptures.'>'* Recently, the ABO
gene has been considered a potential marker for other genes
colocalized to the same region of chromosome 9. Two genes
have been localized to the same region on chromosome 9
as the ABO gene; TNC, and COL5A 1, which have been shown
to have polymorphisms associated with presence of Achilles
tendon injuries.*” TNC is a glycoprotein found in tendons
whose expression is regulated in a dose-response manner
by mechanical loading in tendons. The protein binds to
various cell surface receptors including integrins and has
been implicated in the regulation of cell-matrix interactions.
TNC expression has been shown in Achilles tendinopathy.
The COL5A41 gene encodes the alpha 1 chain of type V
fibrillar collagen. Type V collagen is found in tendons and
other connective tissues, where it regulates the assembly of
collagen fibers. Variants in either of these genes are ideal
candidate genes for Achilles tendon injuries and potentially
other tendinopathies, including rotator cuff disease. The
current study further supports an association between ten-
dinopathies in affected individuals. Data from this study can
be utilized to counsel patients regarding an increased risk for
development of associated tendinopathies in the presence of
rotator cuff tearing. Preventative strategies may be employed,
including modification of work and recreational activities to
limit overuse.

There are several limitations of the current study. First,
the study relied on a questionnaire. We did not specifically
query each family member, consequently the information is
based only upon what each study participant knows of their
family’s medical history. There may be bias for individuals
who know more about their family’s medical history regard-
ing members having been affected with a similar disease.
Second, the control group was age-matched, without knowl-
edge of the group’s underlying rotator cuff tendon status.
We specifically age-matched since there is good evidence to
support that age-related asymptomatic rotator cuff tearing
occurs.’ We likely included some individuals in the control
group who had asymptomatic rotator cuff tears based upon
this data. Nevertheless, we still see statistically significant

differences in the reporting of other associated tendinopathies
in the controls versus rotator cuff group as well as reporting
of family members having a history of tendinopathies. If we
did perform a study to confirm the lack of rotator cuff disease
in the control group, the differences would likely be larger.
Finally, it is unclear if the family members who patients are
reporting are first degree, second degree, or beyond. Closer
relatives have a higher chance of environmental effects lead-
ing to an increased incidence of similarly reported diseases,
whereas more remote relatives are more likely to be affected
by genetic effects.

Conclusion

Patients with rotator cuff tears report higher rates of
associated tendinopathies or family members with ten-
dinopathies than age-matched controls. This data further
supports a familial predisposition for rotator cuff tearing
and the development of tendinopathies in general. Further
research is warranted to identify genes or genetic variants
associated with rotator cuff tearing or tendinopathies, as this
information will be helpful to identify individuals at-risk
and potentially direct future biologic treatment options for
tendinopathies.
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