SPORTS PODIATRY

Overuse Injuries
of Tendon

and Bone: All the
Small Things

Here’s the current
evolution in
thought, literature,
and treatment of
these conditions.

Objectives

After completing this continuing ed-
ucation article, the reader should be
able to:

1) Outline mechanotransduction
and the new field of mechanobiology
and their relationship to overuse bone
and tendon injuries.

2) Describe cellular architecture as a
feature of the cytoskeleton based on
tensional relations between micro-
tubules and microfilaments.

3) Delineate the physical, biochemi-
cal and genetic features of overuse in-
juries of tendon, including Achilles
tendinopathy and rupture.

4) Describe the latest literature results
for the therapy of Achilles tendinopathy
including eccentric stretching, platelet
rich plasma, and ESWT.

5) Describe the effects of cyclic load-
ing on bone and tendon.

6) Describe differences between
males and females in the causes and
risks of overuse injuries.

7) Understand bone as a cellular and
interconnected network of tissue and
be able to describe how mechanical
forces affect bone remodeling.
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By Stephen Pribut, DPM

Introduction

Exercise is good for what ails
you. It can improve memory, lower
the risk of chronic disease, lessen the
risk of diabetes, heart disease, stroke,
and contribute to maintaining a
healthy body weight. But, when
done to excess, running can be the
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cause of overuse injuries and run you
into the ground. Overuse injuries
occur frequently among runners,
causing downtime, and having dele-
terious physical and emotional con-
sequences. This article will examine
the features and describe the diagno-
sis and treatment of tendon and
bone overuse injuries. Recent theo-
ries on cell and tissue mechanics will

be discussed in the context of
overuse injury.

Mechano-biology: Let’s Get
Physical
When a patient presents with an
overuse injury, we often think of the
clinical aspects of the problem. We
may try to analyze the events that
Continued on page 158
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led up to the injury and how
to improve the condition to en-
able the patient to return to the
sport. In doing so, we select to read
on overuse injuries, but we often for-
get about what is going on at the cel-
lular level. The genome has been one
of the main foci of discussions of
performance and disease, but we
should also look at a newly develop-
ing discipline: mechano-biology."*
Biochemistry, biophysics, physiolo-
gy, anatomy, biomechanics, and cel-
lular mechanics all come into play in
this field, with significance for a vari-
ety of clinical entities including
overuse injuries. We think of the dia-
betic with a chronic ulceration and
the distance runner as vastly differ-
ent. However, many of the tissue
structures and components impor-
tant in wound healing are also criti-
cal to the healing of overuse injuries.

For all the elegance of genomics

clear for mechanical forces in biolog-
ical and genetic activation, cellular
proliferation, tissue morphogenesis,
and even in the growth of malignant
tissue.>**"" Mechano-transduction is
the method by which optimal me-
chanical stress acting on a cell is de-
tected, thereby stimulating intracel-
lular signaling, promoting cellular
activity including cellular growth,
and enhancing cell survival. The
forces acting on the cell through
mechano-transduction affects cellu-
lar morphology and architecture and
has an impact on the metabolism
and genetic expression of the cell. It
is important to realize that mechani-
cal forces can strengthen and en-
hance repair of the connective tissue,

ements such as struts, with end-
points that are connected to each
other by continuous tensile connec-
tors such as strings. The internal bal-
ance and self-created tensions create
equilibrium by virtue of the com-
pression of struts and tension of
strings which allow the structure to
maintain its shape. Geodesic domes
and self-supporting camping tents
are examples of tensegrity structures
(Figure 2).

The old concept of a cell as an
amorphous blob of protoplasm sur-
rounded by a gelatinous membrane
is definitely out. This image of the
cell does not allow for force trans-
mission within the cell. Instead, a
specific “solid” cytoskeleton provides

as well as acknowledge that
aberrant forces can also
stimulate the breakdown of
that tissue. Mechano-trans-
duction is just starting to be
recognized as possibly being

¥

and biochem-
istry, mechan-
ics still plays a
major role in
health and dis-
ease.*® The me-
chanical load-
ing that occurs
with each step
and with each
movement that
a joint under-
goes is critical

to maint.ain Figure 1: The Needle—Kenneth Snelson’s Tensegrity Sculp-
healthy articu- ture (Washington, DC outside of the Hirshorn Museum)

lar cartilage. In-

termittent contractions of muscles
and the mechanical forces of loading
thereby applied to muscles, tendons
and bone result in remodeling and
reshaping of these tissues.

Julius Wolff, a nineteenth centu-
ry anatomist, proposed in 1892 that
bone remodeled according to the
stresses placed upon it.° This has
since become known as “Wolff’s
Law”. From this simple and clear ob-
servation, we have progressed to the
more general concept of mechano-
transduction.

Cellular Mechanics and
Mechanotransduction

It has become apparent that me-
chanical forces play a major role in
the regulation of cellular activity.”®
The role is becoming increasingly

central to much of physical

Needle

therapy and massage therapy. It is
likely one of the reasons why early
mobilization following injury is
helpful and may also contribute to
the benefits of other mechanical
therapies including taping, bracing,
and custom orthotics."

Buckminster Fuller and the
Architecture of the Cell

Donald Ingber used the term
“tensegrity” to refer to the tensile in-
tegrity that cells exhibit as a result of
their cytoskeleton.” The term was
coined by Buckminster Fuller to de-
scribe structures made by the sculp-
tor Kenneth Snelson in 1948." Fuller
designed many of his own structures
along similar principles (Figure 1).

A tensegrity structure is self-sup-
porting and includes a set of rigid el-
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structure to the
cell.” The cy-
toskeleton is
made of three
filament sys-
tems: microfila-
ments, interme-
diate filaments,
and micro-
tubules. Micro-
filaments are
made of actin
that associates
with myosin to
make tension-
generating ‘con-
tractile fila-
ments’. Actin by
itself can form a
flexible network

Figure 2: Another view of The Of self-assemble

into rigid cross-

linked bundles.
Intermediate filament composition
varies according to cell type. These
cells are polymers made from a vari-
ety of proteins including keratin,
desmin, or vimentin. They form
“flexible cables” extending from the
cell surface to the cell center sur-
rounding the nucleus.

The cellular architecture is essen-
tially a network of what Ingber terms
“molecular cables, ropes, and struts
that span from the nucleus to the
surface membrane”. Ingber believes
that the cell is no Jello-like blob, but
rather its tensional integrity provides
for shape stability or “tensegrity.”
Tensional forces develop within the
cell as the actomyosin filaments slide
within the cell. These forces are
transmitted and balanced both with-

Continued on page 159
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in the cell, and may be transmitted
to other cells via external adhesions
to the extra-cellular matrix (ECM).

Mechanically, the cytoskeleton
acts as a system of struts and strings
to internally balance forces. The cell
transforms mechanical forces into
biochemical signals and actions. Ing-
ber’s view has come to be widely ac-
cepted, and mechanobiology has be-
come a growing discipline. Ingber
further demonstrated that integrins
are the receptors transmitting signals
that result in changes to cell shape
which regulates gene expression and
DNA synthesis. Integrins are trans-
membranous protein chains that are
integrated into the cellular mem-
brane, extending from the extracel-
lular space across the membrane into
the intracellular space.

ECM and Mechanics as a Deter-
minant of Cellular Control

The extra-cellular matrix (ECM)
is a mix of a variety of materials. In a
sense, it creates a flexible network
that essentially transforms mechani-
cal loading into intracellular signals.
Proteoglycan molecules (PG), inte-
grins, and dystroglycan all combine
to form a scaffold for the adhesion of
cells. The forces transmitted through
this network both activate cellular
signaling pathways and initiate cel-
lular cytoskeletal rearrangement.
Growth factors contained within the
ECM are released following mechani-
cal stimulation. Integrins are
thought to be the main sensors of
tensile stress at the cell surface. Ex-
tracellular matrix sites which interact
with integrins include collagens, fi-
bronectin, tenascin, and laminin.

The biological processes which
affect cell growth, differentiation,
polarity, motility contractility, and
apoptosis are all subject to the influ-
ence of mechanical forces acting on
cells that alter their physical shape.
Fibroblasts, chondrocytes and capil-
lary endothelium can have their ac-
tivity changed from growth to differ-
entiation by a decrease in the stiff-
ness or in the adhesivity (Ingber
2003). Diseases of Mechano-trans-
duction}. Endothelial cells can be
converted to increase their rate of
apoptosis. Individual bone cells have
been shown to produce new bone in
response to mechanical stress in
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vitro, just as they do in aggregate in
vivo. Tensional forces have been ob-
served to promote capillary out-
growth in vitro. The studies per-
formed have demonstrated the im-
portance of physical force in altering
cellular activities and behavior with-
out reliance upon hormonal or cy-
tokine influence.

TABLE 1a

Selected Mechanical

Therapies

Acupuncture

Anti-arrhythmic drugs

Bone fracture healing

Botox

Distraction osteogenesis
Massage therapy
Orthotics—custom

Physical therapy

Vasodilator therapy

Vacuum assisted wound closure

TABLE 1b

Selected Diseases

with Possible

Mechanical Etiology

Selected Disorders Associated with
Possible Defects of Mechanotransduction

Neurotrophic Ulceration
Arteriosclerosis
Hyperkeratoses
Deafness

Adult Respiratory Distress Syndrome

Hypertension
Sickle Cell Anemia
Tendinopathy
Osteoporosis
Stress fractures
Plantar fasciitis

Posterior tibial tendon dysfunction

Hypertrophic cardiomyopathy

Tendons

Tendons transmit the contrac-
tile forces of muscle to bone, effect-
ing movements. The shape, size,
and angle of application of the ten-
don affect the forces generated.
Tendons are designed to withstand
large loads during locomotion.
While running, the Achilles tendon
can come under a load of up to
eight times one’s body weight. A

tendon’s ability to
stretch, and the intramus-
cular connective tissue’s abili-
ty to store and release elastic en-
ergy serve to increase the efficiency
of locomotion. Normal tendon tis-
sue is white, firm and has a fibro-
elastic texture. Tendon has a tensile
strength of 5.0 kN/cm2 to
10kN/cm2, higher than that
of bone.

Tendons, like the other
parts of the musculoskeletal
system, need to be used and
placed under a certain
amount of stress to obtain
optimum health. However,
bouts of repetitive loading
without adequate recovery
time or at abnormally high
loads can result in overuse
injuries such as tendinopa-
thy. Tendinopathy is a
common problem in run-
ners and can be resistant to
therapy. The mechanism of
injury is still being re-
searched, but today’s con-
ceptualization of tendon
function and injury is quite
different than that of 20
years ago. While tendons
have been thought to be
relatively inert, mechanical
loading induces consider-
able metabolic changes.

Tendon is made of dense
connective tissue consisting
predominantly of collagen.
The collagen molecule is 1.5
nm in diameter, and ap-
proximately 300 nm long.
In order of ascending struc-
tural complexity, collagen is
a triple helix (type I collagen
consists of two identical
alpha strands and one beta
strand) called tropo-collagen
which is organized into fib-
rils and makes up the fibers
or primary bundles of ten-
don. The fibers are grouped
into fascicles (secondary bundles)
and tertiary bundles which ulti-
mately are organized into the entity
we call a tendon. The basic unit of
the fibril allows for limited damage
to occur, which prevents the tearing
of one small portion from spreading
throughout the structure. Tendon is
55-75% water, with much of this
water associated with proteoglycans

Continued on page 160
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in the ECM. The tendon dry
weight contains 60-85% colla-
gen. Type I Collagen predominates
at about 60% or more of the dry
mass of tendon, while elastin con-
stitutes only about 2%. There are
about 28 types of collagen proteins,
but only a few are important com-
ponents of tendon.

Tenocytes and tenoblasts (spin-
dle shaped, immature tendon cells)
make up 90—95% of the cells of
tendons. The
tenoblasts trans-
form into the less
metabolically ac-

Go with the Force

Tendon is usually viewed as a
simple, unitary structure that trans-
mits force. The reality may be more
complicated. There is evidence that
suggests that force is not transmit-
ted evenly throughout the tendon.
Stresses and strains may be dis-
tributed differently in deeper por-
tions of the tendon in comparison
with superficial sections. Studies in
human patellar tendon have
demonstrated different mechanical
properties of the anterior and pos-

TABLE 2

creasing in the science of
tendinopathy, we still know little
about even the length of the colla-
gen fibrils within a tendon. There is
contradictory evidence on whether
or not fibrils are continuous or dis-
continuous. If the tendon fibrils are
continuous, the local tension
would be borne by an individual
fibril. If the fibrils are discontinu-
ous, the forces would be transferred
to the adjacent fibrils and shearing
forces would be of greater signifi-
cance. This leads directly to anoth-

er question: Is the

injury a micro-rup-

ture of a tendon

fibril or are the

tive tenocytes as
they age. The re-
maining cellular
components of
tendons include
chondrocytes at
the insertion
point, synovial
sheath cells, and
vascular cells of

Histology of Tendinopathy

Decrease in numbers and a rounding of fibroblast cells.

An increase in proteoglycans, glycosaminoglycans, and water.

Increased vascularity.

Disorganized collagen fibrils.

Tendinopathic tissue may also demonstrate an increase in substance-P
positive nerve fibers and androgenic receptors.

An increase in the number of apoptotic cells is seen.

No inflammatory cells are seen.

components of the
ECM playing a
major role in injury
and being damaged
by shear forces?
The move-
ment, stretching,
and dissipation of
local strains could

tendon blood sup-
ply. Tenocytes
manufacture all of
the components
of the ECM, pro-
duce collagen,
and participate in
metabolic energy
production. As
the cells age, the
metabolic process-
es change to more

anaerobic produc- MMP

tion of ADAMTS

energy. ADAM
Tendinopathy TIMP

is the clinical
term for un-

MMP
healthy tendon ADAMTS
resulting from ADAM
overuse injury. TIMP

Tendinosis and

tendinitis are spe-

cific histo-pathological diagnoses.
Overuse tendinopathies result in
pain and loss of strength, motion,
and function. Tendinopathic ten-
don exhibits little to no inflamma-
tion. There is an increase in cellu-
larity, an increase in proteoglycan
content, increased vascularization,
and a loss of the tightly bundled
collagen appearance. The tendino-
pathic tissue is usually grey or
brown and is soft and fragile.

TABLE 3

Altered Levels of mRNA Comparing
Tendinopathic Tendon with Rupture
(data extracted from Jones et. al., 2006)

Higher Gene Expression

Lower Gene Expression

take place in either,
or a combination,
of three possible
mechanisms (Mag-
nusson 2010):

1) The triple
helix of the tropo-
collagen may elon-
gate.

2) The gap be-
tween longitudinal-

Tendinopathy Ruptured Tendon ly oriented fibers
may increase.
-11,-16, -23 -1,9,-11,-14,17,19, 25 3) A relative
-2, <) slippage may occur
-12 -8, -12 between adjacent
: -1 molecules.
Repetitive ten-
3,-10,-12,-27  3.7,-24,28 sile loading me-
5 7 _7: 13 chanically alters
- - the shape of the fi-
3 -2,-3,-4 broblast cells in

terior portions of the tendon. (Har-
aldsson. Region specific mechanical
properties of the human patella
tendon. ] Appl Physio 2006) This
suggests that forces applied to a
tendon would not be evenly dis-
tributed throughout a cross-section
of the tendon. It is possible that
shear forces within the inter-fascic-
ular spaces serve to stimulate colla-
gen production in the fibroblasts.
While knowledge is rapidly in-
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tendons. This plays

a major role in the
mechano-transduction of physical
force into genetic and biochemical
action. Over-loading may result in
injury or a material fatigue of the
tendon tissue. Too little stress will
also have a major impact on cellu-
lar function. Somewhere between
the extremes of too little or too
much strain, the tissue will reach a
proper balance of synthesis and
degradation of tissue.

Continued on page 161
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Characteristics of Tendinopathy

Histology

Tendinopathic tissue demon-
strates a variety of alterations to
cellular structure, cellular function,
and to the ECM. The fibroblasts
(tenocytes) are reduced in number
and more rounded. The ECM shows
an increase in proteoglycans, gly-
cosaminoglycans, and water. Colla-
gen fibers are disorganized. Sub-
stance-P nerve fibers and adrenergic
receptors are found. Apoptosis oc-
curs to a significantly greater extent
in tendinopathic tissue. Inflamma-
tory cells are not seen. These
changes are outlined in Table 2.

Myth Busting: Does Tendinopathy
Precede Rupture?

While some feel that Achilles
tendon ruptures are preceded by
tendinopathic changes, we don’t
know what accounts for chronic
Achilles tendon pain which contin-
ues for years without ever progress-
ing to a rupture. Recent research
and careful analysis of the data
have led other investigators to note
that there are subtle but critically
important differences in the bio-
genetic profile of individuals who
suffer from tendinopathy compared
with those who have suffered a rup-
ture of the Achilles tendon.'" If we
view all collagenases, MMPs (ma-
trix metalloproteinases), TIMPs (tis-
sue inhibitor of metalloproteinase)
and ADAM (a disintegrin and met-
alloproteinase) proteins as being
alike, we will make as large an error
as if we perceived all lipoproteins
such as HDL and LDL as having the
same function.

Jones, et al. examined the ge-
netic expression of the Achilles ten-
don in normal, tendinopathic, and
ruptured patients. The authors
noted that “As many differences
were observed between the chroni-
cally painful and ruptured tendons
as were observed between either of
the pathologic tendon groups and
the normal tissue group”.'” In a re-
cent review article, Magnusson,
Landberg, and Kjaer state that “the
molecular ‘blueprint’ of tendinopa-
thy is quite different from that of
tendon rupture”.”

The structural characteristics of
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the tendon arise in large part out of
the properties of the extracellular
matrix (ECM). The ongoing balance
of synthesis and degradation is im-
pacted to a large extent by the pro-
teinases (such as collagenase),
which have several regulatory
points including transcription,
translation, or via interaction with
interconnectors. The ECM is in a
state of dynamic anabolic/catabolic
equilibrium. The matrix metallo-
proteinases (MMP) are a family of
more than 20 zinc-dependent en-
dopeptidases which can degrade
most of the constituent parts of the
ECM. They play vital roles in both
health and disease states. The MMP
category of enzymes includes colla-
genase I, collagenase II, and colla-
genase III. The tissue inhibitors of
metalloproteinases (TIMPs) are
physiological inhibitors of the
MMPs. TIMP group proteins also
mildly inhibit the ADAM and
ADAMTS group of proteins. The
balance of all of these proteins is
important in the regulation of
healthy tissue. Pasternak and As-
penberg recently published an ex-
cellent review of metalloproteinases
and their inhibitors."

Jones, et al. examined the
mRNA expression of enzymes in-
volved in extracellular proteolysis
in normal, tendinopathic, and rup-
tured Achilles tendon.'* Contribu-
tors to this system of enzymes in-
clude the matrix metalloproteinase
(MMP), (ADAM), and ADAMTS
groups. Of 50 gene groups of en-
zymes investigated, 33 were found
to be different among the three
tendon conditions. Both the
painful and ruptured groups have a
lower level of MMP-3 and TIMP-3.
They both exhibited a higher level
of ADAM-12 and MMP-11 mRNA.

Table 3 (with data from Jones,
et al., 2006) details the differences
between the tendinopathic and
ruptured groups.

The authors concluded that the
mRNA expression over the genome
was different for each tendon group,
and indicated that each group repre-
sented a unique biological state. Ele-
vated levels of messenger RNA
(mRNA) were found for type I and
III collagens, proteoglycans (such as
biglycan and fibromodulin), angio-
genic factors including vascular en-
dothelial growth factor (VEGF)), ag-

grecan, heat shock pro-
tein (HsP), fibronectin and
tenascin C, and proteolytic en-
zymes (such as a disintegrin and
metalloproteinase or TIMP). These
proteolytic enzymes are both impor-
tant to healthy tendon, but in ab-
normal amounts will lead to patho-
logical changes.

In spite of the upregulation of
mRNA for type I collagen, there was
no increase in type I collagen pro-
tein. Type III collagen increases in
tendinopathic tissue. This is anoth-
er indicator that the normal home-
ostatic mechanisms are not func-
tioning. The specific findings in-
cluded a number of differences in
mRNA expression. There was a
lower level of MMP-3 and TIMP-3,
along with a higher level of ADAM-
12 and MMP-11 mRNA found in
both of the pathological tendon
groups (both painful and ruptured)
compared to the normal tendon
group.

In the painful tendon group
compared to the normal tendon
group there was a lower level of
ADAMTS-5 and MMPs 10, 12, and
27, along with a higher level of
ADAMTS-2 and -3 and MMPs 16
and 23 mRNA.

The ruptured tendon group
compared to the normal group
showed a lower level of ADAMTS-7,
MMPs 7, 24, and 28, and TIMPs 2
and 4, with a higher level of
ADAM-8, ADAMTS-4, MMPs 1, 9,
14, 19, and 25, and TIMP-1 mRNA.

The ruptured group compared
to the painful tendon group
demonstrated a lower level of
ADAMTS-2, -3, and -17, MMPs 7,
16, 23, 24, and 28, and TIMPs 2, 3,
and 4, along with a higher level of
ADAMs 8 and 12, ADAMTS-4,
MMPs 1, 8, 10, 12, 19, and 25, and
TIMP-1 mRNA.

There were as many differences
between the chronically painful and
ruptured tendon groups as were
seen between either the ruptured
group or the painful group in com-
parison with the normal tissue
group.'® In their discussion, Mag-
nusson et al. (2010) briefly mention
an “intervention model that com-
bines immobilization with acute
loading” as a possible future area of
research to improve our under-
standing.” A modification of that

Continued on page 162
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approach employing pneu-
matic walking boots with graded
exercise may be helpful in the treat-
ment of resistant Achilles
tendinopathy.

The MMP/TIMP systems which
play such an important role in the
dynamic balance of production and
degradation of tissue may be a suit-
able candidate for future research
and intervention. The currently
known MMP inhibitors, such as
tetracycline derivatives, have not
yet been found to be helpful in
treating overuse injuries." Bisphos-
phonates, which inhibit osteoclastic
bone resorption, also inhibit MMPs.

Cyclic Loading and the Healthy
Tendon

Normal tendon activity increas-
es collagen synthesis, while inactiv-
ity lowers both the collagen synthe-
sis and collagen turnover. Some
amount of activity is necessary to
spur normal collagen formation,
even in tendinopathic tissue. A
question that is hard to answer is
how much of a role should eccen-
tric exercises play in the therapy of
severely damaged tendon.

Mechanical loading causes an
increase in mRNA linked to colla-
gen expression and increased syn-
thesis of collagen. IGF-1, transform-
ing growth factor -beta (TGF -beta),
connective tissue growth factor
(CCTGEF), and interleukin 6 (IL-6)
all increase in response to exercise.
Strain loads lead to a two to three
times increase in collagen forma-
tion which peaks 24 hours after ex-
ercise and remains elevated for up
to 70 or more hours. Degradation
of collagen proteins also increases
after exercise and starts even sooner
than the collagen formation. Prote-
olytic markers, MMPs and collagen
degradation fragments are elevated
after exercise for 18 to 36 hours.
These changes decrease after adap-
tation to exercise. Unaccustomed
exercise stresses the tissues more
than accustomed exercise and has a
greater impact on the balance of
anabolism and catabolism. Insuffi-
cient recovery time (or the “too lit-
tle rest” of the “terrible too’s”) is
another likely key to tendinopathy.
Angiogenesis

Formation of new blood vessels

is a feature of healing tissue and in-
jured tendons. Angiogenesis is also
a factor in cancer, diabetic
retinopathy, and macular degenera-
tion. Vascular endothelial growth
factor (VEGF) antagonists have re-
cently been approved to treat mac-
ular degeneration, and someday
may be useful for tendinopathy.
Angiogenesis is a factor in both
tendinopathy and its recovery. On-
cology research into vascular
growth factors is also relevant to
tissue-healing and to cellular me-
chanics. A recent article detailed
both in vitro and in vivo factors
and showed that the mechanical
features and stiffness of the ECM
had a substantial impact on angio-
genesis via VEGFR2.” This study
demonstrated the first known func-
tional cross-antagonism between
transcription factors of tissue mor-
phogenesis. The antagonistic tran-
scription factors TFII-I and GATA2
control the genetic expression of
the VEGF receptor VEGFR2. This
thorough study showed that the
VEGF system responded to both
mechanical and chemical factors.

Genetic Screening for Risk of
Tendinopathy

There has long been a suspicion
that both tendon repair and
tendinopathy are affected by geno-
type. While the risks are multifac-
toral, specific genetic associations
are being delineated. The genes re-
sponsible for collagen production
are likely candidates to examine.
Type I Collagen is the primary
structural constituent of tendon
and ligaments. It is a heterotrimer
consisting of two alpha-1 and one
alpha-2 chains. The COL1A1 (colla-
gen type I, alpha-1) gene sometimes
has a single nucleotide polymor-
phism (SNP) rs1800012 in its first
intron in which a G (guanine) to T
substitution occurs (known as the
TT genotype), which has been asso-
ciated with protection from soft tis-
sue injuries such as Achilles tendon
rupture and ACL ruptures. This ‘TT
genotype’ is also under-represented
in cases of Achilles tendinopathy.*

Research, this year, has investigat-
ed alleles of the TGF-beta (tissue
growth factor), previously thought to
possibly enhance tendon repair) and
an allele of the growth/differentiation
factor-5 (GDEF-5). The allele GDF-5 TT
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genotype of GDF-5 rs143383 variant
was found to be associated with twice
the risk of developing Achilles
tendinopathy, while occurrence of the
TGF-beta 1 allele was not found to be
significantly different in the control
and tendinopathic populations.

Achilles Tendinopathy Update

The Achilles tendon is one of
the best studied and most often in-
jured tendons. The Achilles tendon
connects the most powerful muscle
in the body with the calcaneus.
This tendon is named after the leg-
endary Greek hero Achilles, who
according to myth, was protected
from wounds by being dipped in a
magical pond by his mother,
Thetis. She held him by the heel,
which was not immersed. He died
during the Trojan wars when Paris
launched a poisoned arrow that
struck Achilles in his heel as de-
scribed in Homer’s Illiad (700 BC).
Although injuries to this area have
been known for more than 2,000
years, it was first reported in the
medical literature by Ambroise Paré
only 400 years ago.”

Anatomy

The Achilles tendon joins three
muscles: the two heads of the gas-
trocnemius and the soleus. The
heads of the gastrocnemius arise
from the posterior portions of the
femoral condyles. The soleus arises
from the posterior aspect of the
tibia and fibula.

The gastrocnemius is a multi-
joint muscle crossing three joints:
the knee, the ankle, and the subta-
lar joint. The soleus does not cross
the knee and is a biarticular muscle.
The plantaris is a nearby muscle
that has its separate tendon that
arises from the lateral condyle of
the femur. It has a thin tendon that
passes between the gastrocnemius
and soleus and inserts into the cal-
caneus. When this musculotendi-
nous structure is injured, it is fre-
quently felt as a “pellet shot” in the
back of the leg. The tear is usually
about eight inches below the knee
joint. Plantaris injuries, once con-
troversial, have been documented
surgically and on MRL.*

The bulk of the Achilles tendon
inserts into the posterior superior
third of the calcaneus. Some fibers

Continued on page 163
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course distally and continue to
where portions of the plantar fascia
insert into the plantar aspect of the
calcaneus. There is a continuity of
the insertion with the most distal
aspect of the insertion being con-
tiguous with the plantar fascia.

The Achilles tendon does not
have a rich blood supply. The blood
supply has been found to be weakest
at a point between 2 and 6 cm
above its insertion into the calca-
neus. It is not invested within a true
tendon sheath. A paratenon com-
posed of other soft tissue surrounds
it. The outer layer is a portion of the
deep fascia, the middle layer is
called the mesotenon and the inner
layer is contiguous with a thin layer
surrounding the tendon itself
(epitenon). The blood supply to the
proximal portion of the tendon
comes from the branches of the
muscles themselves. The distal por-
tion is supplied by branches from
the tendon-bone interface. The
mesotenon supplies the major blood
supply to the Achilles tendon.

Findings

Symptoms of Achilles tendinopa-
thy include thickening and visible
swelling of the tendon, pain on hop-
ping, pain while running, and ten-
derness upon palpation. Often
morning stiffness is found.

Tendinopathy may refer to ten-
dinitis, paratendinitis, and later
stage chronic tendinosis. Histologi-
cal studies have demonstrated that
those with chronic tendon pain do
not have inflammatory changes,
but instead show degenerative
changes in the affected tendon.”
Tendinosis refers specifically to ten-
dons with known chronic degener-
ative changes. The term tendinopa-
thy itself does not have this conno-
tation as applied to overuse tendon
pain and swelling in the absence of
a histopathological diagnosis. In
long-standing tendinopathy, the
tissue exhibits mucoid degenera-
tion. The tissue is brown or yellow,
is disorganized, and has a lack of
defined tightly bundled collagen
fibers. Microscopic examination re-
veals degenerative changes and
concomitant fibrosis.*® Ultrasound
examination reveals neovascular-
ization in the injured tissue.
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Achilles tendon disorders are
often divided into three zones: 1)
Non-insertional—the tendon prop-
er (and paratenon), 2) conditions
affecting the tendon insertion, and
3) proximal—at the muscle tendon
interface and more structures proxi-
mal.”?® An outline and table de-
scribing the classification is avail-
able in a previous article published
in Podiatry Management.”

Insertional Enthesopathy
Tendinopathy may occur at the
insertion of the Achilles tendon or
within the main body of the ten-
don itself. It is possible that these
two differing areas may result from
diverse predisposing factors. It has
been suggested that repeated stress-
es that are well within a clinical
and functional range may create

A study published in
the Journal of the
American Medical
Association earlier
this year found PRP to
work no better than
saline for the
treatment of Achilles
tendinopathy.

the pathology in a manner similar
to the way in which bone stress re-
actions may occur.*® The major con-
tributing causes cited include
overuse, abnormal biomechanical
factors, fluoroquinolone antibi-
otics, and corticosteroid use.

At the insertion of the Achilles
tendon, a variety of conditions may
occur. In addition to insertional
tendinopathy of the Achilles ten-
don, one may find retrocalcaneal
bursitis, Haglund’s deformity, and
pre-tendinous bursitis. When the
Haglund'’s deformity is symptomat-
ic, it is usually found as a triad of
insertional tendinopathy of the
Achilles tendon, a prominent pos-
tero-superior calcaneal process, and
retrocalcaneal bursitis. Insertional
tendinopathy can occur in the ab-
sence or presence of calcaneal bur-

sitis. Numerous studies
indicate that insertional
tendinopathy occurs in up to
5%—20% of Achilles tendon
overuse injuries.*’ Older individuals
appear to be at higher risk for this
injury.”

The insertion of the Achilles
tendon consists of tendon, fibrocar-
tilage and bone. Three types of car-
tilage are found here: sesamoid, pe-
riosteal, and enthesial fibrocarti-
lage. What has been termed an in-
sertional tendinopathy might more
correctly be called an insertional
enthesopathy. The fibrocartilage
functions to resist shear and strains
at the enthesis. Bone spurs at this
location do not form within the
substance of the tendon itself. Clin-
ically, pain and tenderness are pre-
sent at the back of the heel. The
pain is aggravated by running up-
hill, and by prolonged walking,
standing or running.

Non-Insertional Achilles
Tendinopathy

The Achilles tendon is most
often affected in noninsertional
tendinopathy at a location 2 to 6
cm proximal to its insertion into
the calcaneus. The paratenon sub-
stitutes for a true gliding synovial
sheath. It is comprised of fatty areo-
lar tissue surrounding the Achilles
tendon and is organized into a
mesotenon. Werd has pointed out
how to distinguish tendinopathy
from paratendinopathy.” Palpate
the painful area while the foot is
dorsiflexed and plantarflexed. If the
area of maximal tenderness does
not move, the presumption is that
the site of tenderness is within the
paratenon itself, which is firmly at-
tached to the surrounding tissues
and does not move. If the tender-
ness shifts with dorsiflexion and
plantarflexion, the tenderness is
deemed to be within the tendinous
tissue.

Sex and the Tendon
Women appear to have a higher
incidence of certain connective tis-
sue injuries. Stress fractures and an-
terior cruciate ligaments (ACL) are
among those often cited. A study of
military cadets in training demon-
strated a 2.5 times higher incidence
of injury and a 3.9 times higher in-
Continued on page 164
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cidence of hospitalization
among the female cadets.” The
authors suggested that improved
pre-training and a more gradual
adaptation were needed to lessen
injuries. A close examination of the
data revealed that the injury rate
seemed to be inversely correlated
with running speed. The slowest fe-
male runners (lowest quartile) were
three times more likely to have an
injury. Those who were in the top
quartile had a similar injury rate to
the men of similar speed.

Tendons may be more suscepti-
ble to the influence of the changing
levels of estrogen over the course of
the menstrual cycle. Estrogen re-
ceptors are found on fibroblasts in
tendon and ligament. Research on
estradiol and other hormones has
been done both in humans and an-
imals, in vivo and in vitro. Howev-
er, the studies do not provide a
clear answer on the impact of estro-
gen on tendon health.* Some in
vitro studies have shown a stimu-
lating effect on fibroblast prolifera-
tion and collagen synthesis, while
others have reported no effect, or
even an inhibiting effect. More in
vivo studies are needed to clarify
the impact of estrogens on connec-
tive tissue.

Achilles and patellar tendon
cross-sectional area (CSA) is greater
in men than in women. The CSA is
greater in trained men than in un-
trained men, but there is no signifi-
cant difference in the CSA between
untrained women and trained
women.* This indicates a differen-
tial response to training in women
in comparison to men. The authors
concluded that the women'’s ten-
don had an attenuated response to
training.

There is growing evidence that
estrogen decreases the formation of
large collagen fibers and overall
synthesis of collagen. Hansen et al.
compared contraceptive users (HE-
OC) at a time of high estrogen and
non-oral contraceptive users (LE-
NOC) at a time of low blood estro-
gen and found a significantly
greater increase in tendon collagen
synthesis in the LE-NOC group fol-
lowing training.”® They found no
difference in the HE-OC group in
tendon collagen synthesis 24 hours

post-exercise. There did not seem to
be any clinical risks to the tendon
among either group. The authors
concluded that their study results
were consistent with the hypothe-
sis that estradiol inhibits tendon
collagen synthesis. Further studies
by these authors are ongoing and
provide similar results.*

Bryant et al. suggested that
monophasic oral contraceptives
(MOCP) may improve tendon func-
tion by limiting fluctuations over
the menstrual cycle.® Their study
didn’t detect mechanical changes in
tendon over the course of the men-
strual cycle in non-contraceptive
users, but did find changes in ten-
don mechanical characteristics be-
tween those using the contraceptive
and those who did not. There was a
decrease in tendon compliance in
the MOCP users, which was
thought to be caused by long-term
exposure to lower levels of estrogen.

Eccentric Training:
Not a Panacea

Alfredson proposed the use of
eccentric stretching and strengthen-
ing, employing heavy loads, which
when performed as described, causes
pain and is meant to do so.”* Simi-
lar approaches have been suggested
for several other tendinopathies, in-
cluding patellar tendinopathy. Re-
view articles examining eccentric
strengthening as treatment for a
number of tendons found the evi-
dence weak and under-powered.*
The current literature was described
as having a “dearth of high quality
research in support of the clinical ef-
fectiveness of EE (eccentric exercise)
over other treatments in the man-
agement of tendinopathies.”* King-
ma et al. agreed that, while the tech-
nique appeared promising, “large
methodologically sound studies
....are warranted.”*

A recent study showed that
women suffering Achilles
tendinopathy do not benefit to the
same extent that men do after 12
weeks of eccentric training.*" This
study compared women and men
treated with eccentric training with-
out the use of a concentric control
group. Thirty one females were
compared to forty four males with
an average age of 50 and BMI of 26.
The males noted a reduction in pain
of 44%, while the females found a
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pain reduction of 20%. Neither of
these numbers appears to be as
good as one would like. The study
also had a substantial drop out rate
at 20%. Those who dropped from
the study reported overwhelming
pain 25% of the time, had surgery
16% of the time, and could not be
traced 25% of the time.

Norregaard et al. noted that few
authors had duplicated the success
of eccentric training seen in Alfred-
son’s studies.”*” They compared ec-
centric training with routine
stretching of the gastrocnemius and
the soleus. Maximum improvement
was seen at one year, and the two
groups had equivalent results with
no significant difference.

Studies with low numbers of
subjects and high dropout rates do
not bring us to the goal of using
high level, high grade studies to
formulate an evidence-based prac-
tice of sports medicine. Other fields
note that studies of 200 to 300
have a low number of subjects, but
somehow many journals look at
studies containing fewer than 100
subjects and often as few as 20-30
as constituting a worthwhile study.
As we look to move towards an evi-
dence-based practice of sports
medicine, we should insist on more
rigorous studies with a larger num-
ber of subjects.

Treatment
Tendinopathy is primarily treat-
ed by conservative means. Move-
ment plays a role in active recov-
ery. Treatment is often directed to
decreasing strain forces on the ten-
don and allowing the tissue to re-
pair itself. Relative rest, absolute
rest, or the use of a pneumatic
walking boot may be required. A
pneumatic walking boot permits
weight-bearing while limiting
strain forces in the tendon, and al-
lows removal for exercise. This
therapy is useful in resistant cases
and for patients who have an an-
talgic gait, experiencing pain with
nearly every step. Alterations in
cyclic loading can increase collagen
production and diminish the pro-
duction of anabolic MMPs.*
NSAIDs are often used, and
offer a decrease in symptoms and a
more normal gait and motion pat-
tern through pain reduction, al-
Continued on page 165
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though their anti-inflammatory ef-
fects are no longer thought to be
therapeutic.

Eccentric stretching is often
mentioned as a cornerstone of treat-
ment. However, while early studies
of low numbers of patients by a lim-
ited number of groups were promis-
ing, other authors have trouble
replicating the initial authors’ results
and find positive responses only in
50% to 60% of the patients.** Ec-
centric exercise has lost some of its

luster among many clinicians.
Cross-friction massage and
cryotherapy may be helpful. The
modalities of ultrasound and high
voltage galvanic stimulation may
also be helpful. Heel lifts and custom
functional foot orthotics may also
assist in reducing mechanical strain.
Heel lifts may significantly reduce
strain forces within the Achilles ten-
don. Custom orthotics are often sug-
gested and may decrease abnormal
transverse plane tibial forces, be-
lieved to possibly be a contributing
factor in Achilles tendinopathy.*”

TABLE 4

Treatment Outline
for Achilles Tendinopathy

Mid substance Achilles pain

Examine for rupture

|

6-12 weeks

Relative or absolute rest as needed.
Eliminate over cushioned running shoes. Eliminate open
backed and flat casual shoes.
Add 1/4” heel lift to shoes.
Severe pain: Pneumatic walking boot with heel lift.

No response

Graduate to gentle stretches and strengthening.

Add mechanical assists as needed, inc?uding orthotics.

Responds

Core body routine.
Proprioceptive trainin

Continue 8-12 months

Electrotherapy
Physical therapy
Custom orthotic

(Consider pneumatic walker)
6-10 weeks

Pneumatic walking boot
(if not gareviously used)
-12 weeks

ESWT 6-10 weeks or
Eccentric stretching 10-12 weeks

|

PRP 8-12 weeks (evidence lacking) or
Sclerosing therapy 8-12 weeks

[

Surgical evaluation and intervention
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After the pain is re-
duced, the patient may
gradually return to activity.
Hills and inclined treadmills
should be avoided. Over-cushioned
shoes, which increase the eccentric
forces within the tendon, should
not be worn. For severe, chronic and
unremitting tendinosis, surgery re-
mains an option. The described sur-
gical procedures include stripping of
the paratenon, linear tenotomies
and excision of non-viable tissue.***
There is little controlled data avail-
able on surgical procedures.

Platelet-rich plasma injection
(PRP) has been said to have promise
for soft tissue injury such as
tendinopathy. So far, the literature
has not backed up the promise. A
study published in the Journal of the
American Medical Association earlier
this year found PRP to work no bet-
ter than saline for the treatment of
Achilles tendinopathy (Table 4).*

Bone Biology
and Mechano-biology

Introduction

Bone is a dynamic and ever-
changing tissue. It is part of an in-
tricate system balanced in its resorp-
tion and production by mechanics
and hormonal influences. While
bone plays a structural role as a
frame does to a building, it is a bio-
logical tissue that is capable of self-
repair. Theories of bone develop-
ment, functioning, modeling and
remodeling have evolved. The me-
chanics of Wolff’s law ultimately
led to a time when the surface elec-
trical changes, hormonal influences,
and biochemical and genetic factors
were thought to be most significant.
A good deal of research has focused
on these aspects of bone healing,
but there has been a resurgence of
interest in the importance of physi-
cal and mechanical influences.

The adaptability of bone is well
known.® For many years, the under-
standing of boney adaptation has
been on the functional adaptation
of bone as a tissue. Cells, however,
are what make tissue what it is. Al-
though the general principle has
been known for more than a centu-
ry, the cellular mechanisms have
not been well described.

From Wolff’s simple and clear

Continued on page 166
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observation, our understand-
ing of the “how” of bone model-
ing and remodeling moves on to
the more general concept of
mechano-transduction. Mechano-
transduction is the manner in
which mechanical energy is trans-
posed into an electrical or biochem-
ical biological signal. It is likely that
most, if not all, eukaryotic cells are
mechano-sensitive and respond to
external forces. The physical world
has many signals detected by our
senses and cells. Gravity, sound
waves, light waves, temperature,
pressure, shear forces and impact
shock are all in our environment,
and change cellular functioning
and ultimately structure. Adapta-
tion to the physical environment
has been the hallmark of life and its
evolution. Signal detection and
translation of these signals to bio-
logical information is the subject of
study of mechano-biology.

Mechanical Stimulation at the
Cellular Level

Osteocytes are thought to be
the main mechano-sensory cells of
bone, and the lacuno-canalicular
network appears to be the mediator

of the signals.” Strain-related flow
of fluid through this system me-
chanically activates the osteocytes,
and carries cell signaling molecules
along with nutrients and waste
products. Instead of gross-loading
forces, lamellar fluid flow and the
resultant shearing forces are likely
the important signals received by
bone cells, while induced local
strain may be an additional signal.
Jumping, vibration, and muscle
contraction all create a variety of
potential signals. Low magnitude
but high frequency bone strains
have been found to be anabolic to
bone.* Disuse, aging, and sarcope-
nia all decrease direct loading of
the bone and loading from muscle.
This depresses the normal mechani-
cal regulatory signal and results in
bone loss. Exercise, vibration stimu-
lation, and other protocols will ulti-
mately be useful in prescriptions
for recovery from bone injury.
Osteocytes are enclosed in lacu-
nae surrounded by concentric
lamellar layers of boney matrix.
The osteocytes are connected to
their neighbors by a network of in-
terconnecting canaliculi. Both the
osteocytes and the bone lining cells
are remnants of the osteoblasts that
have performed the productive

TABLE 5
A Quick Look at Stress Fractures

Virtually any of the bones of the lower extremity can suffer a stress
reaction or stress fracture. Some of the most often injured bones include
the tibia, metatarsal bones, navicular, femur, fibula, calcaneus, and cuboid.

A few quick observations:

Metatarsals—most commonly affected foot bone for stress fractures. Injury
most often occurs at the neck and shaft. If the injury has occurred at the base of
the metatarsal, this may have been contributed to by vertical forces. Speed
work, hill running, or running on the ball of the foot, are possible causes.

Cuneiform stress fractures—These injuries seem to occur from
vertically oriented forces. Contributors to this injury include too much
speedwork, hill running, or running on the ball of the foot.

Calcaneus—Clinical diagnostic test: sc1ueeze the body of the calcaneus

to elicit tenderness. Trace out the probab!

e fracture line. If this area is not

tender, and only the medial calcaneal tuberosity is tender, you more likely
are dealing with an injury to the plantar fascia.

Tibia—Most frequently injured lower extremity bone.

Pelvic Stress fractures—May har

should be kept in mind as a potentia

pen in running. Likewise the femur
ite of stress reaction and stress fracture.
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work. Osteoclasts and osteoblasts
are considered regulatory cells of
modeling and remodeling. The os-
teocytes are strain-sensitive cells
that translate mechanical signals
derived from physical loads into bi-
ological activities. Osteocytes have
dendritic processes that contact
nearby cells at gap junctions and
form a cellular network. The net-
work extends from deep in the la-
cuna to the bone surface. Trans-
duced signals are sent to both os-
teoblasts and osteoclasts. Proposed
mechano-sensory sites include
stretch-activated and voltage sensi-
tive calcium channels (VSCC), focal
adhesion proteins such as focal ad-
hesion kinase (FAK), proline rich
tyrosine kinase 2 (Pyk2) which are
linked to the membrane by inte-
grins, and G protein-coupled recep-
tor (GPCR).

Bone has four surfaces which
may undergo remodeling: the
haversian system, trabecular, en-
dosteal, and periosteal. Each surface
differs in its response to remodeling
signals. Appropriate mechanical
stimulation received and mechano-
transduced activates osteoblastic
differentiation, proliferation, and
apoptosis. Low levels of stimulation
through inactivity or low gravity
environment results in reduced
bone synthesis and increased osteo-
clastic activity at the periosteal, en-
dosteal, and trabecular surfaces.
Aberrant forces also cause disrup-
tion of the normal balance of pro-
duction and destruction of bone
tissue. Pavalko, et al. describe a syn-
thesis of how tensegrity theory
could effect a mechanical and
molecular cascade that would act
directly on the nucleus.’' Their
pithy conclusion was that “bending
bones ultimately bend genes”.

The magnitude, duration, and
frequency of the load modulate the
response of the skeleton.” The mech-
anism underpinning mechano-de-
tection and differentiation of signals
resulting from axial loading, torsion,
bending forces, and shearing forces
remains to be worked out. Papachris-
tou et al. (2009) recently summa-
rized the currently hypothesized
metabolic pathways triggered by me-
chanical stimuli.”* Several contribut-
ing pathways have been mapped.
Prostaglandin synthetase (PGES) and

Continued on page 167
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COX 1/2 assist in the production of
PGE2. COX-2 is also activated by
PI3K/Akt and Wnt/ beta-Catenin.
Mechanical loading activates the L-
type voltage-sensitive calcium chan-
nel (L-VSCC), which allows the en-
trance of extracellular calcium to
enter the cellular cytoplasm, induc-
ing intracellular calcium release.

Mitogen-activated protein
(MAP) kinases (MAPK) (serine and
threonine kinases) are a major link
between membrane receptors of en-
vironmental signals and altered
gene expression. The MAPK cascade
system ERK1/2 plays an integral
role in upregulating COX-2. This
correlates with research
suggesting limiting NSAID
use during early bone
healing.”

The signaling systems
implicated in mechano-
transduction: Ca++ signal-
ing, Wnt/ beta-catenin
signaling, nitric oxide,
prostaglandin signaling
and integrin signaling
pathways interact in a
complex manner with the
cells and the extracellular
matrix (ECM). The genes

pain in the feet of military recruits.
In 1897, just a few years after
William Roentgen created the first
x-ray machine, radiographic exami-
nation (x-ray) revealed the nature
of these injuries. Injuries such as
these were called “march fractures”
because they commonly were seen
in military recruits suddenly subject
to long forced marches.*

Discussion and Definition
Stress-related bone injuries are
frequent injuries among partici-
pants of running sports. In the ab-
sence of a visible fracture line, the
bone is reacting to the stress, but it
is not overtly cracked. X-rays may
show periosteal bone formation,

controlling osteoblastic Fjgure 3: Calcaneal Stress Fracture

differentiation, prolifera-

tion, and survival respond by ap-
propriate up-regulation and down-
regulation.

Ultimately, delineating the
mechano-responsive genes, molec-
ular pathways, and signals which
affect bone will have a major im-
pact on therapy for bone-healing,
injury prevention, aging, and os-
teoporosis.

Stress Injuries and
Stress Reactions of Bone:
Update 2010

Background

Chronic repetitive stress injury
of bone, most commonly called a
“stress fracture”, has been described
in the literature for many years.
Cases have appeared in the litera-
ture going back to the 1800’s. Bri-
ethaupt, a Prussian military physi-
cian, first reported this injury in
1855.°* He presented the first de-
scription of a metatarsal stress frac-
ture when he noted swelling and
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cortical thickening, or endosteal
bone formation. Usually, there is a
discrete area of boney tenderness.
The out-of-favor term “stress frac-
ture” implies a physical crack,
which is how engineers think of
stress or “fatigue” fractures. Howev-
er, stress reaction or stress-related
injury of bone better fit the overuse
injury observed.

The initial injury might be a bi-
ological or biochemical abnormali-
ty or failure at the cellular or Bone
Multicellular Unit (BMU) level.
Bone adapts to many levels of in-
termittent, repetitive compressive
and tension strains by an increase
in density. However, in the pres-
ence of abnormally high and repet-
itive forces, the ability to heal from
micro-damage is not adequate.*
These excessive repetitive stresses
occur without the bone having ade-
quate rest to allow for adaptation to
stress. The stress that creates these
injuries is too much, too soon for
the bone.

Runners most often
injure the tibia, metatarsals,
calcaneus, or cuboid. But all
lower extremity bones may be af-
fected including the femur, navicu-
lar, fibula, pelvis, and cuneiform
bones. Excessive repetitive forces,
which may be compressive, tensile,
or complex, result in injury to the
bone. The bone cells begin a process
of resorption without significant
bone production. The forces con-
tributing to the injury are both di-
rectly transmitted, and also include
forces generated by the “pull” of lig-
aments and tendons on the bone.
Besides these external stressors to
bone, the Haversian canals are sub-
ject to internal sheer forces created
by fluid flow. The initial
injury seems to be to the
bone matrix itself and is
hard to clinically measure
or detect.

Note that the stress
fracture in Figure 3 is an-
terior to the insertion of
the Achilles tendon. This
occurred after the patient
began using a shoe which
forced a forefoot landing,
increasing the tension in
the Achilles tendon. This
demonstrates the devas-
tating effect that tension
can have on bone.

Injury may first be seen on a
bone scan (scintigraphy) reflecting
metabolic activity of bone. Slightly
later, the injury will be visible on an
MRI. Finally, the injury may become
visible on an x-ray. Micro-fractures
have been thought to be the physi-
cal precursor to stress-related injury
of bone, but the reality is quite sub-
tle. Mechanical forces activate the
cell signaling mechanisms. Inte-
grins, membrane proteins, thought
to be a part of the cell-sensing sys-
tem, appear to play a role in the ac-
tivation. Aberrant forces alter the
subtle balance between osteoclastic
and osteoblastic activity through al-
tered gene activity. This mechano-
transduction of force into biological
mechanism is the true precursor to
the stress-related injury of bone.
Cell-signaling alters the gene activa-
tion pattern which then changes the
metabolic activity of the cells. The
altered metabolic activity causes
aberrant remodeling, which is a

Continued on page 168
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component of the initial stress
“reaction” and not a true fracture
(Table 5).

Contributing Factors

Training Errors

Training errors may be among
the greatest contributors to this in-
jury. A change in training such as
increasing the frequency, intensity,
or duration too quickly may con-
tribute to injury. What has been
termed the “terrible too’s” of too
much, too soon, too often, too fast,
with too little rest cumulatively
over-stress the bone before it can
appropriately react to the stress by
reinforcing itself.

Increased forces into the bones
of the foot and leg are generated in
the presence of fatigue. New
marathoners may be subject to
more fatigue than experienced run-
ners if they rapidly build up their
long runs. Fatigued muscles cannot
properly position the bones, slow
the forces, or attenuate the forces in
any of several ways that normally-
functioning muscles may do. Al-
ways emphasize to your patients to
“...avoid doing too much too soon.”

Equipment Errors

An improper match of foot type
and shoe structure may contribute
to a chronic repetitive stress injury
to bone (stress fracture, stress reac-
tion). Old, worn-out shoes are obvi-
ous contributors to injuries of all
sorts. Running on a hard and un-
yielding surface may increase forces
into the bones of the foot and leg.
Concrete can be a significant con-
tributor to this injury.

Systemic Disorders

A variety of systemic conditions
can contribute to this injury. These
conditions include osteopenia, os-
teoporosis, other metabolic bone
disorders, hormonal abnormalities,
inadequate nutritional intake, and
collagen disorders. In women,
amenorrhea or oligomenorrhea
may lead to deficient estrogen and
low bone mineral density. Women
with amenorrhea may be up to five
times as likely to develop a stress-
related injury of bone.” The female
athlete triad, by definition, in-

cludes low bone density, along
with disordered eating (or low ener-
gy availability) and amenorrhea.
Energy availability is dietary energy
intake minus exercise energy ex-
penditure. Low energy availability
appears to be the primary cause of
impaired reproductive and skeletal
health in the triad.*®

Overtraining may lead to de-
creased testosterone levels in men,
resulting in osteopenia. Patients of
either gender having multiple stress
fractures should undergo a bone
density (DEXA) scan.

Bone Geometry, Muscle
Strength

Muscle cross-sectional area
(MCSA) and bone geometry have
been studied in relation to tibial
stress fractures. A study of 39 fe-
male runners found that cortical

Immobilization
in a pneumatic walker
for four to six weeks
or more is often
helpful for tibial stress
fractures, and a
variety of other stress
injuries of bone.

bone strength, MCSA, and cortical
area were all lower in those with
stress fractures.” Popp et al. felt
that greater muscle strength may
prevent tibial stress fracture by de-
creasing the torque and shear forces
going into the bone. Another study
of 88 runners, male and female,
found that tibial cortical cross-sec-
tional area was inversely correlated
with stress fracture and medial tib-
ial stress syndrome.*

Edwards, et al. suggested that
running speed was a risk factor for
tibial stress fracture. A mathemati-
cal model was created and ana-
lyzed. The result suggested that by
decreasing the speed of running
from 4.5 to 3.5 meters/sec., the esti-
mated risk of stress injury would
decrease by 7%.°' This is not a dra-
matic reduction, and real life data
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have indicated the opposite. Bijur,
et al. studied 585 West Point cadets
and found that injuries occurred
less often in faster cadets.*

Diagnosis

Patients usually relate a sudden
or sub-acute onset of pain. Ques-
tioning may reveal changes in exer-
cise pattern or gear. Mileage may
have recently increased, twice a day
runs undertaken, aggressive speed
work started, or the athlete may
have worn his last pair of running
shoes too long or changed to a very
different new pair of running shoes.
Physical examination often demon-
strates a focal area of tenderness.
Not every bone is easily palpated;
the pelvic bones, femur, talus, and
midtarsal bones are notoriously dif-
ficult to examine. In the rear foot
and mid-foot, a high level of suspi-
cion must be present to reach the
diagnosis. Imaging studies are help-
ful in the diagnosis. A bone scan
will offer early sensitivity to stress
reactions. MRI scans and x-rays can
also be helpful. A CAT scan is the
least useful imaging modality.

On the tibia, a horizontal line
of tenderness is often the differen-
tiating clinical sign from the verti-
cal tenderness of medial tibial
stress syndrome. However, spiral
and vertical stress reactions can
occur in the tibia. Immobilization
in a pneumatic walker for four to
six weeks or more is often helpful
for tibial stress fractures and a vari-
ety of other stress injuries of bone.
Calcaneal stress fractures may be
suspected when there is tenderness
upon lateral compression of the
calcaneal body, rather than at the
medial calcaneal tuberosity, or ten-
derness that is only plantar to the
calcaneus.

Stress fractures of the tarsal nav-
icular should be suspected when
there is tenderness on the dorsal as-
pect that extends proximally to dis-
tally. In addition to tenderness,
tenderness to percussion or to the
vibrations of a tuning fork have
been used as pathognomonic signs.

Diagnostic imaging includes ra-
diographic evaluation, technetium-
99 bone scan, and MRI. Often an
injury is not visible on radiographic
examination. Bone scintigraphy is
considered sensitive, while MRI is

Continued on page 169
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considered to be both sensitive and
specific. (Niva, Sormaala, et al.
2007) At early stages, the MRI
shows marrow edema as an in-
creased STIR signal and in fat-sup-
pressed T2 images. On T1 se-
quences, a decreased signal is
noted. (Stafford, Rosenthal, et al.
1986). As the injury progresses to a
stage of increasing severity, a low
signal fracture line and bone callus
may be visible. A number of condi-
tions may confound diagnosis and
appear similar to stress fracture on
certain imaging studies. In other
cases, asymptomatic bone marrow
edema may be visible on MRI.
(Niva, Sormaala, et al. 2007)

Treatment

Conservative treatment works
well for most stress-injuries of
bone. Weight-bearing pain needs to
be eliminated. With the elimina-
tion of pain, the forces should be
sufficiently low for healing and re-
modeling to take place. Multiple
authors have recommended the use
of a pneumatic walker for tibial
stress fractures.®>*® This may be used
alone or with crutches as needed. A
cam walker, pneumatic walker, or
low pneumatic walker may alleviate
pain faster and be clinically superi-
or to a post-operative shoe for stress
reactions of the metatarsal area and
for other foot stress reactions. An
added benefit of the pneumatic
walker is that it can be removed for
exercise, bathing, and sleep.

Most lower extremity stress re-
actions take between eight and 17
weeks for recovery.® During recov-
ery, one should guide the athlete to
appropriate cross-training activity.
Swimming, bicycling, and mainte-
nance of upper body strength
should be implemented. Lower ex-
tremity exercises should be chosen
as appropriate.

A phased return to activity, al-
lowing sufficient time for healing,
is the key to a successful return to
activity. In clinical practice, the au-
thor has found that weaning from
the pneumatic walker seems to
lessen the time to comfortable exit
from the walker and prevent pain
from returning and the necessity of
returning to the use of the pneu-
matic walker.
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Walking should start first build-
ing up from 20 minutes to 50 min-
utes. Running should start gently,
with a slow build-up. After an ade-
quate aerobic base has been
achieved, a slow and gradual in-
crease in other stressors may be
added such as hill work, limited
bursts of moderate speed, and later
more intense and structured speed
work.

Summary and Conclusion

Mechanics, mechano-biology,
and tensegrity theory play a signifi-
cant role in prevention of injury,
maintenance of healthy tissue, and
injury recovery. Research demon-
strates that you cannot just add
growth factors to injured tissue
sites and hope for the best. Physical
therapy, stretching, strengthening,
and custom orthotics all have a
basis in mechanics that correlate
with mechano-transduction.

A recent study has confirmed
that custom orthotics are helpful
for a variety of overuse injuries.®
Clinical observation suggests that
the conformation of the shell to
the foot may be more important to
successful orthotic therapy than
posting. Theories remain to be cre-
ated and tested. Benno Nigg con-
ceived his idea on muscle tuning as
one possible mechanism for orthot-
ic function.* Nigg felt that forces
acting through the foot would cre-
ate a “muscle tuning” effect that
would dampen soft tissue vibra-
tions and reduce the loading rate of
bone, tendon, and cartilage in the
leg. Certainly, this could lead to
solving a portion of the puzzle.
Tensegrity theory and mechano-
transduction are other, fresh areas
for investigation.

As clinicians, what is most im-
portant is getting our patients back
on the road participating in their
chosen sports. Strive to keep up
with the clinical literature, make
your own systematic observations,
keep theory in mind, and go with
what works best. George Sheehan
often said, “we are all an experi-
ment of one”. Those “ones” make
more sense when we add them up
with large clinical studies. Howev-
er, we must be prepared to make
changes in therapy based on how
that one patient in front of you is
responding. B

References

' Ingber, D.E., Cellular
mechanotransduction: putting all
the pieces together again. FASEB ], 2006.
20(7): p. 811-27.

? Ingber, D.E., The mechanochemical
basis of cell and tissue regulation. Mech
Chem Biosyst, 2004. 1(1): p. 53-68.

* Chen, C.S., Mechanotransduction—a
field pulling together? J Cell Sci, 2008.
121(Pt 20): p. 3285-92.

* Ingber, D.E., Mechanobiology and
diseases of mechanotransduction. Ann Med,
2003. 35(8): p. 564-77.

> Chen, J.H,, et al., Boning up on Wolf-
f’s Law: mechanical regulation of the cells
that make and maintain bone. ] Biomech,
2010. 43(1): p. 108-18.

¢ Wolff, J., The Law of Transformation
of Bones. 1892, Berlin: Verlag August
Hirschwald.

7 Ingber, D.E., Tensegrity 1. Cell struc-
ture and hierarchical systems biology. J Cell
Sci, 2003. 116(Pt 7): p. 1157-73.

8 Ingber, D.E., Tensegrity II. How struc-
tural networks influence cellular informa-
tion processing networks. J Cell Sci, 2003.
116(Pt 8): p. 1397-408.

? Ingber, D.E., Tissue adaptation to me-
chanical forces in healthy, injured and aging
tissues. Scand ] Med Sci Sports, 2005. 15(4):
p- 199-201.

10 Schriefer, J.L., et al., Cellular accom-
modation and the response of bone to me-
chanical loading. ] Biomech, 2005. 38(9): p.
1838-45.

" Vogel, V. and M. Sheetz, Local force
and geometry sensing regulate cell func-
tions. Nat Rev Mol Cell Biol, 2006. 7(4): p.
265-75.

> Ingber, D.E., Tensegrity and mechan-
otransduction. ] Bodyw Mov Ther, 2008.
12(3): p. 198-200.

® Ingber, D.E,, From cellular mechan-
otransduction to biologically inspired engi-
neering: 2009 Pritzker Award Lecture, BMES
Annual Meeting October 10, 2009. Ann
Biomed Eng, 2010. 38(3): p. 1148-61.

4 Fuller, B., Tensegrity. Portfolio Art
News Annual, 1961. 4: p. 112-127.

* Ingber, D.E., Tensegrity-based
mechanosensing from macro to micro. Prog
Biophys Mol Biol, 2008. 97(2-3): p. 163-79.

' Jones, G.C., et al., Expression profil-
ing of metalloproteinases and tissue in-
hibitors of metalloproteinases in normal
and degenerate human achilles tendon.
Arthritis & Rheumatism, 2006. 54(3): p. 832-
842.

" Magnusson, S.P., H. Langberg, and
M. Kjaer, The pathogenesis of tendinopathy:
balancing the response to loading. Nat Rev
Rheumatol, 2010. 6(5): p. 262-8.

8 Pasternak, B. and P. Aspenberg, Met-
alloproteinases and their inhibitors-diagnos-
tic and therapeutic opportunities in ortho-
pedics. Acta Orthop, 2009. 80(6): p. 693-
703.

Continued on page 170

OCTOBER 2010 ¢ PODIATRY MANAGEMENT 169



Tendon...

¥ Mammoto, A., et al., A
mechanosensitive transcriptional
mechanism that controls angiogenesis.
Nature, 2009. 457(7233): p. 1103-8.

? Posthumus, M., et al., Investigation
of the Sp1-binding site polymorphism with-
in the COL1A1 gene in participants with
Achilles tendon injuries and controls. J Sci
Med Sport, 2009. 12(1): p. 184-9.

2t Collins, M., M. Posthumus, and M.P.
Schwellnus, The COL1A1 gene and acute
soft tissue ruptures. Br J Sports Med, 2009.

# Posthumus, M., et al.,, Components
of the transforming growth factor-{beta}
family and the pathogenesis of human
Achilles tendon pathology—a genetic asso-
ciation study. Rheumatology (Oxford),
2010.

% Paré, A., The Works of that famous
Chirurgion Ambrose Parey. Translated out
of Latin and compared with the French, ed.
T.H. Johnson. 1649, London: Richard Cotes.

2 Campbell, J.T., Posterior calf injury.
Foot Ankle Clin, 2009. 14(4): p. 761-71.

» Movin, T, et al., Tendon pathology
in long-standing achillodynia. Biopsy find-
ings in 40 patients. Acta Orthop Scand,
1997. 68(2): p. 170-5.

* Khan, KM, et al., Histopathology of
common tendinopathies. Update and impli-
cations Sports Med, 1999. 27: p. 393-408.

¥ Werd, M., Achilles Tendon Sports In-
juries. ] Am Podiatr Med Assoc, 2007. 97(1):
p. 37-46.

# Puddu, G., E. Ippolito, and F. Posta-
chini, A classification of Achilles Tendon
Disease. Am ] Sports Med, 1976. 4.

# Pribut, SM., The Top 5 Running In-
juries Seen In The Office. Podiatry Manage-
ment, 2008(April/May): p. 117-134.

3 Rees, J., Wilson, AM, Wolman, RL,
Current concepts in the management of
tendon disorders. Rheumatology, 2006. 45:
p- 508-521.

3 Maffulli, N. and L.C. Almekinders,
The Achilles Tendon. 2007, London:
Springer-Verlog.

* Bijur, P.E., et al.,, Comparison of in-
jury during cadet basic training by gender.
Arch Pediatr Adolesc Med, 1997. 151(5): p.
456-61.

* Bryant, A.L., et al., Effects of estrogen
on the mechanical behavior of the human
Achilles tendon in vivo. J Appl Physiol,
2008. 105(4): p. 1035-43.

3 Westh, E., et al., Effect of habitual ex-
ercise on the structural and mechanical
properties of human tendon, in vivo, in
men and women. Scand ] Med Sci Sports,
2008. 18(1): p. 23-30.

* Hansen, M., et al., Ethinyl oestradiol
administration in women suppresses syn-
thesis of collagen in tendon in response to
exercise. ] Physiol, 2008. 586(Pt 12): p. 3005-
16.

% Hansen, M., et al., Effect of adminis-
tration of oral contraceptives in vivo on col-

lagen synthesis in tendon and muscle con-
nective tissue in young women. ] Appl Phys-
iol, 2009. 106(4): p. 1435-43.

¥ Alfredson, H., et al., Heavy-load ec-
centric calf muscle training for the treat-
ment of chronic Achilles tendinosis. Am ]
Sports Med, 1998. 26(3): p. 360-6.

% Alfredson, H. and J. Cook, A treat-
ment algorithm for managing Achilles
tendinopathy: new treatment options. Br J
Sports Med, 2007. 41(4): p. 211-216.

* Woodley, B.L., RJ. Newsham-West,
and D.B. Baxter, Chronic tendinopathy: ef-
fectiveness of eccentric exercise. Br J Sports
Med, 2007. 41: p. 188-199.

“ Kingma, ]J., et al., Eccentric overload
training in patients with chronic Achilles
tendinopathy. Br J Sports Med, 2007.
41:e3(6).

4 Knobloch, K., et al., Gender and ec-
centric training in Achilles mid-portion
tendinopathy. Knee Surg Sports Traumatol
Arthrosc, 2010. 18(5): p. 648-55.

* Norregaard, ]J., et al., Eccentric exer-
cise in treatment of Achilles tendinopathy.
Scand ] Med Sci Sports, 2007. 17(2): p. 133-
8.

* Maeda, E., et al., Functional analysis
of tenocytes gene expression in tendon fas-
cicles subjected to cyclic tensile strain. Con-
nect Tissue Res, 2010.

“ Rompe, J.D., J. Furia, and N. Maffulli,
Eccentric loading versus eccentric loading
plus shock-wave treatment for midportion
achilles tendinopathy: a randomized con-
trolled trial. Am J Sports Med, 2009. 37(3): p.
463-70.

* de Vos, RJ., et al., Platelet-rich plasma
injection for chronic Achilles tendinopathy:
a randomized controlled trial. JAMA, 2010.
303(2): p. 144-9.

* Longo, U.G., M. Ronga, and N. Maf-
fulli, Achilles tendinopathy. Sports Med
Arthrosc, 2009. 17(2): p. 112-26.

¥ Williams, D.S., J.A. Zambardino, and
V.A. Banning, Transverse-plane mechanics
at the knee and tibia in runners with and
without a history of achilles tendonopathy.
J Orthop Sports Phys Ther, 2008. 38(12): p.
761-7.

# Saxena, A., Results of chronic Achilles
tendinopathy surgery on elite and nonelite
track athletes. Foot Ankle Int, 2003. 24.

* Burger, E.H. and J. Klein-Nulend,
Mechanotransduction in bone—role of the
lacuno-canalicular network. FASEB ], 1999.
13 Suppl: p. $101-12.

* Ozcividi, E., et al., Mechanical signals
as anabolic agents in bone. Nat Rev
Rheumatol, 2010. 6(1): p. 50-9.

st Pavalko, F.M., et al., A model for
mechanotransduction in bone cells: the
load-bearing mechanosomes. ] Cell
Biochem, 2003. 88(1): p. 104-12.

2 Papachristou, D.J., et al., Signaling
networks and transcription factors regulat-
ing mechanotransduction in bone. Bioes-
says, 2009. 31(7): p. 794-804.

% Simon, A.M. and J.P. O’Connor, Dose

170 PODIATRY MANAGEMENT ¢ OCTOBER 2010

and time-dependent effects of cyclooxyge-
nase-2 inhibition on fracture-healing. ] Bone
Joint Surg Am, 2007. 89(3): p. 500-11.

** Breithaupt, J., Zur pathologie des
menschlichen fussess. 1855; 24:169-177.
Medizin Zeitung, 1855. 24: p. 169-177.

> Stechow, Fussodem und Rontgen-
strahlen. Deutsche Militardrztliche
Zeitschrift, 1897. 26: p. 465.

% Akkus, O. and C.M. Rimnac, Cortical
bone tissue resists fatigue fracture by deceler-
ation and arrest of microcrack growth. J
Biomech, 2001. 34: p. 757-764.

7 Shaffer, R.A., et al., Predictors of stress
fracture susceptibility in young female re-
cruits. Am ] Sports Med, 2006. 34(1): p. 108-
15.

% Nattiv, A., et al., American College of
Sports Medicine position stand. The female
athlete triad. Med Sci Sports Exerc, 2007.
39(10): p. 1867-82.

¥ Popp, K.L., et al., Bone geometry,
strength, and muscle size in runners with a
history of stress fracture. Med Sci Sports
Exerc, 2009. 41(12): p. 2145-50.

® Franklyn, M., et al., Section modu-
lus is the optimum geometric predictor
for stress fractures and medial tibial stress
syndrome in both male and female ath-
letes. Am ] Sports Med, 2008. 36(6): p.
1179-89.

°t Brent Edwards, W., et al., Effects of
running speed on a probabilistic stress frac-
ture model. Clin Biomech (Bristol, Avon),
2010. 25(4): p. 372-7.

% Fredericson, M., et al., Tibial stress re-
action in runners. Correlation of clinical
symptoms and scintigraphy with a new
magnetic resonance imaging grading sys-
tem. Am J Sports Med, 1995. 23(4): p. 472-
81.

% Swenson, EJ., et al., The Effect of a
Pneumatic Leg Brace on Return to Play in
Athletes with Tibial Stress Fractures. Am. J.
Sports Med., 1997. 25(June): p. 322—328.

® Matheson, G.O., et al., Stress fractures
in athletes. A study of 320 cases. Am ] Sports
Med, 1987. 15(1): p. 46-58.

% Mattila, V.M., et al., Can orthotic in-
soles prevent lower limb overuse injuries? A
randomized-controlled trial of 228 subjects.
Scand ] Med Sci Sports, 2010.

® Nigg, B.M. and ].M. Wakeling, Im-
pact forces and muscle tuning: a new
paradigm. Exerc Sport Sci Rev, 2001. 29(1):
p. 37-41.

Dr. Pribut is a Clin-
ical Assistant Pro-
fessor of Surgery at
George Washing-
ton University
Medical School.
He is a past presi-
dent of the Ameri-
can Academy of
Podiatric Sports
Medicine. He is in E
private practice in Washington, DC.

www.podiatrym.com



EX A MI

1) The newly evolving science of
mechanobiology derives from
all of the following disciplines
except:

A) biochemistry

B) biophysics

C) astrophysics

D) physiology

2) The term “tensegrity” coined
by Buckminster Fuller derives
from which of the following?

A) tensional integrity

B) tensor lighting

C) tens therapy

D) tension disorder

3) One feature of mechanotrans-
duction is that there is relatively

direct transmission of mechanical
force via protein connectors from

the cell membrane to the cell nu-
cleus. This should work in which
of the following manners:

A) faster than the diffusion of

growth factors

B) slower than the diffusion

of growth factors

C) at the same speed

D) at the speed of light

4) The cell
A) has no essential structure,
but is an amorphous blob

B) is structured by its cytoskele-
ton, comprised of microtubules

and microfilaments

C) has unchangeable physical
features

D) can not alter any of its ge-

netic functions which proceed

at one rate throughout their
lifespan

5) The Achilles tendon is subject

to what forces while an individual

is running?
A) 2 times body weight
B) 4 times body weight
C) 8 times body weight
D) 16 times body weight
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See answer sheet on page 173.

6) The dry weight of tendon is
made up of which of the follow-
ing ranges of collagen?

A) 10-20%

B) 20-45%

C) 30-55%

D) 60-85%

7) Collagen type | is the most fre-
quent collagen found in tendon.
Which of the following structures
are characteristic of Collagen
type 17

A) single strand

B) double helix

C) triple helix

D) quadruple helix

8) Which of the following make
up most of the metabolically
active cells of tendon?

A) tenoblasts

B) chondrocytes

C) tenocytes

D) schwan cells

9) Tendinopathic tendon from
overuse exhibits all of the follow-
ing features with the exception
of:

A) increase in vascularization

B) loss of tightly bundled

collagen appearance

C) increase in cellularity

D) dramatic inflammation

10) The gastrocnemius crosses all
of the following joints with the
exception of which?

A) knee

B) midtarsal joint

C) subtalar joint

D) ankle joint

11) Calf muscle injuries can
include all of the following
structures with which exception?

A) gastrocnemius

B) soleus

C) psoas

D) plantaris

N ATI

O N

12) According to this review arti-
cle, which of the following state-
ments can be made on studies for
the treatment of midsubstance
Achilles tendinopathy?
A) Eccentric stretching shows
consistent results in large num-
bers of subjects, among all re-
searchers, with more than 90%
of subjects having good to ex-
cellent results
B) Platelet rich plasma recently
showed great promise for
treatment of Achilles
tendinopathy.
C) There have been many stud-
ies with more than 3,000 sub-
jects which unequivocally detail
the optimal treatment of
Achilles tendinopathy.
D) Platelet rich plasma injec-
tion appears to be no better
than saline injection in the
treatment of Achilles
tendinopathy.

13) Which of the following state-
ments about bone is correct?
A) Bone is an adaptable and
changeable tissue. Mechanical,
genetic, and hormonal factors
come into play in the regula-
tion of bone physiology.
B) Bone is immutable. Once
past childhood few changes to
the skeletal structure are seen.
C) Osteocytes derive from
osteoclasts.
D) Muscle strength and func-
tion has no effect on the densi-
ty and characteristics of bone.

14) Researchers discussing what
mechanical strain did to the func-
tion of bone function said which of
the following catchy phrases?

A) Bending bones break.

B) Bending bones are like

bending trees.

C) Bending bones bends genes.

D) Bending bones need braces.

Continued on page 172
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EXAMINATION

(cont'd)

15) The four surfaces of bone that can undergo re-
modeling include all of the following with the excep-
tion of which?

A) Haversian system

B) periosteal

C) endosteal

D) osteoclastic

16) Training errors described by the phrase “the ter-
rible too’s” could be described as including all of the
following with which exception?

A) too much

B) too soon

C) too often

D) too bad

17) Increased forces into the bones of the foot and
leg which often lead to overuse injury is most likely
caused by which of the following?

A) muscle fatigue from unaccustomed runs

B) cross training of swimming and biking

C) running every other day

D) running graduated amounts on packed dirt

18) In diagnosing stress injury to bone, which of the
following would be the least often used and least
useful imaging modality?

A) x-ray

B) MRI

C) CAT scan

D) bone scan

19) Which of the following statements can be made on
risk of stress injury of bone based on studies described?
A) Low muscle cross sectional area decreases risk
in female runners.
B) Low bone cross sectional area decreases risk in
female runners.
C) Both low muscle cross sectional area and low
bone cross sectional area are correlated with an
increase in risk.
D) Both low muscle cross-sectional area and low
bone cross-sectional area decrease risk.

20) Studies of bone stress injury have demonstrated
which of the following?
A) Pain is a good prognostic indicator.
B) Pneumatic walking boots help speed the heal-
ing of tibial stress fractures.
C) Overtraining can lead to increased testosterone.
D) Lower estrogen decreases the risk of stress re-
action of bone.

See answer sheet on page 173.
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If you are not enrolled in the annual 10-exam CPME pro-
gram, the fee is $20 per exam.

Phone-In Grading
You may also complete your exam by using the toll-free ser-
vice. Call 1-800-232-4422 from 10 a.m. to 5 p.m. EST, Monday
through Friday. Your CPME certificate will be dated the same day
you call and mailed within 48 hours. There is a $2.50 charge for
this service if you are currently enrolled in the annual 10-exam
CPME program (and this exam falls within your enrollment peri-
od), and this fee can be charged to your Visa, Mastercard, Ameri-
can Express, or Discover. If you are not currently enrolled, the fee
is $20 per exam. When you call, please have ready:
1. Program number (Month and Year)
2. The answers to the test
3. Your social security number
4. Credit card information

In the event you require additional CPME information,
please contact PMS, Inc., at 1-631-563-1604.

ENROLLMENT FORM & ANSWER SHEET

Please print clearly...Certificate will be issued from information below.

Name Soc. Sec. #
Please Print: FIRST Mi LAST

Address

City State Zip
Chargeto: _ Visa ___ MasterCard ___ American Express

Card # Exp. Date

Note: Credit card is the only method of payment. Checks are no longer accepted.

Signature Soc. Sec.#

Daytime Phone

State License(s)

Check one:
to your credit card.)

Is this a new address? Yes No

I am currently enrolled. (If faxing or phoning in your answer form please note that $2.50 will be charged

| am not enrolled. Enclosed is my credit card information. Please charge my credit card $20.00 for each exam
submitted. (plus $2.50 for each exam if submitting by fax or phone).

I am not enrolled and | wish to enroll for 10 courses at $139.00 (thus saving me $61 over the cost of 10 individual
exam fees). | understand there will be an additional fee of $2.50 for any exam | wish to submit via fax or phone.

Over, please 173
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ENROLLMENT FORM & ANSWER SHEET (cont'd)

EXAM #8/10
Overuse Injuries of Tendon and Bone:
All the Small Things
(Pribut)

Circle:
1. A B CD 11. A B C D
2. A B CD 122z A B C D
3.AB CD 13. A B CD
4. A B CD 14. A B C D
5. A B CD 15. A B CD
6. A B CD 6. A B C D
7..AB CD 17. A B C D
8 AB CD 18. A B C D
9. A B CD 19. A B CD
0. A B C D 200 A B CD

LESSON EVALUATION

Please indicate the date you completed this exam

How much time did it take you to complete the lesson?

hours minutes

How well did this lesson achieve its educational
objectives?

Very well Well
Somewhat Not at all

What overall grade would you assign this lesson?
A B C D

Degree

Additional comments and suggestions for future exams:
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