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The name shin splints persists as common terminol-
ogy used by patients and health-care professionals.
Although the term refers to a generalized group of
leg pathologies, it continues to be used to describe a
group of overuse injuries that excludes stress frac-
ture, compartment syndrome, and fascial herniation.
Thus the term shin splints has been limited to vari-
ous overuse injuries affecting soft tissue and bone,
including periostitis, fasciitis, muscle or tendon strain,
tendinitis, and stress reaction of the tibia.

One specific type of shin splint limited to the me-
dial tibial crest is the most common cause of leg pain
encountered in a sports medicine practice. Although
many names have been suggested, medial tibial

stress syndrome has become the most widely ac-
cepted term. Kortebein et al1 provided the most con-

cise definition of this condition: “a specific overuse
injury producing pain along the posteromedial aspect
of the distal two-thirds of the tibia.” Although the def-
inition has been refined, controversy and uncertainty
remain as to its pathology and pathomechanics.

Pathologies previously suggested for medial tibial
stress syndrome include stress fracture, increased
compartment pressures, and myositis or tendinitis,
with periostitis, fasciitis, and, recently, stress reac-
tion of the tibia being popular.1-12 Historically, perios-
titis due to insertional traction on various muscles
and tendons has been the pathology most suspected
of causing medial tibial stress syndrome. However,
this finding has never been validated histologically.
Attachment sites of the posterior tibial,8, 12 flexor digi-
torum longus,7 and soleus muscles and tendons2, 4, 9

and the crural fascia1 to the posterior leg have been
implicated on the basis of anatomical location. A re-
cent anatomical study2 concluded that the posterior
tibial tendon (the most commonly implicated muscle
or tendon in medial tibial stress syndrome) was not
likely to be responsible because the location of the
posterior tibial tendon attachment to the tibia was re-
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mote from the area of clinical symptoms. Bouché3

suggests that the pathology of medial tibial stress syn-
drome represents a type of stress reaction of the tib-
ial fascia at its medial tibial crest insertion and pro-
poses the term tibial fasciitis. Numerous authors6, 13-16

have suggested that medial tibial stress syndrome is
part of a continuum of tibial bone stress, with asymp-
tomatic stress reaction being the first stage, followed
by symptomatic stress reaction and then stress frac-
ture, with the end stage of this continuum being an
overt tibial fracture.

Pathomechanically, there have been two suggested
theories to account for medial tibial stress syndrome:
soft-tissue traction1, 2, 4, 7-9, 12 and tibial bending.9, 13, 17

Soft-tissue traction has long been suggested to ac-
count for medial tibial stress syndrome, but other than
anatomical studies, no scientific testing has been per-
formed to assess the role of traction in medial tibial
stress syndrome. Tibial bending, a theory initially
studied by Lanyon et al17 and popularized by Milgrom
et al,18 is now an accepted pathomechanical model
that accounts for common locations of stress frac-
tures of the tibia. Because the distal third of the tibia
is a common location for stress fracture and stress re-
action owing to its narrow radius, it has been specu-
lated that medial tibial stress syndrome is a type of
stress reaction that occurs there as well. The tibial
bending model suggests that long-term, repetitive,
weightbearing loads that induce tibial bending precip-
itate a stress injury continuum at the site of maxi-
mum bending.13

We propose the tibial fascial traction theory, which
is explained as follows. Eccentrically contracting su-
perficial and deep flexors of the leg (gastrocnemius,
soleus, posterior tibial, flexor digitorum longus, and
flexor hallucis longus) during stance counter mid-
tarsal and subtalar pronatory motions of the foot.
This counteracting force of the flexors results in a
tenting effect that exerts tension on the tibial fascia
at its insertion into the medial tibial crest. This repeti-
tive traction force can result in a spectrum of injuries
to the tibial fascia and its insertion into the medial
tibial crest.

The purpose of this article is to investigate the
plausibility of the tibial fascial traction theory in a ca-
daver model. We hypothesized that with contraction
of the soleus, posterior tibial, and flexor digitorum
longus tendons there would be a tenting effect exert-
ed on the tibial fascia, with a resultant tensile force at
the medial tibial fascial bone interface that could be
measured. Furthermore, it was believed that this ten-
sile force could be mitigated by means of a circumfer-
ential leg strap strategically placed on the leg. To our
knowledge, this is the only study that has ever been

performed to specifically evaluate the role of fascial
traction as a possible pathomechanical cause of me-
dial tibial stress syndrome.

Materials and Methods

Three fresh-frozen cadaver lower-limb specimens
were thawed and disarticulated at the knee. The
specimens were all from females aged 79 to 93 years
(mean age, 83.7 years) at the time of death. Skin and
subcutaneous tissue were removed from around the
leg, preserving plantar soft tissues of the foot, deep fas-
cia, and leg compartments 20 cm proximal to the tip
of the medial malleolus. Each specimen was mounted
on a custom loading frame (designed by BioConcepts
Inc, Seattle, Washington, and fabricated by Advanced
Biomedical Inc, Oakland, California). A central rod
drilled into the intercondylar eminence applied down-
ward load to the tibia by means of a central pneumat-
ic actuator. Each limb was vertically aligned at initia-
tion of the testing sequence.

The posterior tibial and flexor digitorum longus
tendons and the soleus aponeurosis were attached by
cables (braided Dacron; Western Filament Inc, Grand
Junction, Colorado) to three additional pneumatic ac-
tuators that pulled upward, simulating muscle pull.
Each tendon was attached to its pneumatic actuator
by means of a cable tied with a self-tightening knot
that doubled on itself to cinch tight and prevent slip-
page. Relative forces of pull placed on each tendon
were determined using the calculation of physiologic
cross-sectional area of midstance muscles presented
by Brand et al.19

Four strain gauges (differential variable reluctance
transducers) (MicroStrain Inc, Williston, Vermont)
recorded strain in the tibial fascia (Fig. 1). They were
positioned along the tibial crest 3, 6, 9, and 12 cm
proximal to the tip of the medial malleolus (Fig. 2).

Figure 1. Sample strain gauge (differential variable
reluctance transducer).
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Gauges were attached to the tibial fascia at its inser-
tion into the posterior tibial crest, each oriented in a
transverse position to monitor tension of the tibial
fascia from medial to lateral. Fascial strain and tendon
tension data were simultaneously collected and digi-
tally recorded using a data-acquisition system and
software (LabVIEW version 5.0; National Instruments,
Austin, Texas). The stress/strain data collected were
plotted on graphs of tendon tension versus strain
measured at each strain gauge.

An increasing downward load of 0 to 600 N was
applied to each specimen while data were collected
from each strain gauge. Once at 600 N, the downward
load was held constant. Meanwhile, the posterior tib-
ial, flexor digitorum longus, and soleus tendons were
tensioned individually at increasing loads to 150% of
the predicted maximum load. In addition, on two
specimens, all three tendons were tensioned simulta-
neously, simulating an eccentric contraction. Six tri-
als were performed to ensure data reproducibility.

One specimen was retested with placement of three
types of circumferential straps made of self-adhering
compression wrap (Coban; 3M, St Paul, Minnesota):
1) a low strap, 2) a high strap, and 3) a low strap with
a roll. The low strap was 2.5 cm wide and was placed
between the 3- and 6-cm strain gauge locations. The
high strap was approximately 6 cm wide and was
placed above the proximal strain gauge, 13 cm proxi-
mal to the medial malleolar tip. The roll (1-cm-diame-
ter cylindrical dental felt material) was oriented verti-
cally just posterior to the medial tibial crest positioned
under the low strap. The setup was observed through-
out testing to ensure that the straps did not come in
contact with the strain gauges. Strain gauge data
were recorded during tensioning of the three tendons
and downward load on the specimen as described
previously here. Six trials were conducted to ensure
data reproducibility.

Results

A consistent linear relationship was observed be-
tween tension on the tendon and strain measured at
the tibial fascia within and across individual speci-
mens. With increased pull on the individual posterior
tibial, flexor digitorum longus, and soleus tendons,
there was increased strain recorded at the strain
gauges. The slopes of the strain curves were consis-
tent at 0.0002 mm/N measured at the 3- and 6-cm lo-
cations with tension on the posterior tibial, flexor dig-
itorum longus, and soleus tendons (P < .0001). A
representative sample of data in graph form is shown
in Figure 3. Data collected at the 9- and 12-cm loca-
tions were more variable and inconsistent with re-
spect to tendon pull and strain measured within and

Figure 2. Cadaver specimen mounted on a load
frame with a central rod applying downward load to
the tibia. Tendons are attached by means of braided
cords and are tensioned upward. Strain gauges are
placed 3, 6, 9, and 12 cm proximal to the tip of the me-
dial malleolus at the tibial fascial insertion.

Figure 3. A representative sample of data illustrating
the linear relationship of increased strain on the tibial
fascia with increased tension on the posterior tibial,
flexor digitorum longus, and soleus tendons and on all
three combined.

0             20          40           60          80          100

Tendon Pull (N)

S
tr

ai
n 

on
 T

ib
ia

l F
as

ci
a 

(m
m

) –0.25 -

–0.26 -

–0.27 -

–0.28 -



34 January/February 2007 • Vol 97 • No 1 • Journal of the American Podiatric Medical Association
Celebrating100years of continuous publication:1907–2007

across individual specimens. Visual inspection of the
specimens during simulated muscle contraction re-
vealed marked fascial tenting. These visual findings
were consistent with strain measured in the tibial fas-
cial tissues. The linear slope of the data did not change
with the placement of three types of circumferential
straps. There was no difference in strain measured in
the tibial fascia whether there was no strap, a low
strap, a low strap with a roll, or a high strap. When an
increasing downward load of 0 to 600 N was applied
to the tibia with no tension on the tendons, there was
no change in strain in the tibial fascia at all strain
gauge locations.

Discussion

When the tibia was loaded with the contraction of se-
lect leg flexors (soleus, posterior tibial, and flexor
digitorum longus), a linear tension force was generat-
ed as measured by the strain gauges and visible tent-
ing of the tibial fascia. The distal strain gauges on the
leg provided the most consistent results. These find-
ings are consistent with the hypothesis. Proximally
on the leg the results were less consistent, probably
because of the inability to maintain adequate anatom-
ical integrity of the more proximal tibial fascial struc-
ture, although this is not certain.

Because there was no change in strain on the tibial
fascia with an increasing downward weightbearing
load (with tendons maintained at no tension), this
study suggests that the force of weightbearing alone
does not generate a primary traction force on the tib-
ial fascia. However, we speculate that with increased
dynamic loading in vivo, the superficial and deep
flexor muscles and tendons would eccentrically con-
tract as a protective mechanism, thus exerting ten-
sion on the tibial fascia.

We believe that the tibial fascial traction theory is
consistent with and supported by anatomical, patho-
mechanical, pathologic, diagnostic, and clinical find-
ings. Anatomically, the tibial fascia is the only struc-
ture to insert into the medial tibial crest from the
ankle to the knee and is the containment structure of
the leg as part of the bone-fascial system of the lower
extremity.20 As such, clinical symptoms of medial tib-
ial stress syndrome are well localized to the medial
tibial crest, more commonly affecting the distal ver-

sus proximal aspect of the tibial crest, as elucidated
by history and physical examination, ie, careful palpa-
tion. We have encountered many cases in which symp-
toms are proximal and not just distal on the tibial
crest. This could be accounted for by the fact that the
tibial fascia attaches along the entire medial crest to

knee level. No other anatomical structures insert into
this specific location. Although the soleus muscle has
been implicated, clinical symptoms often are proxi-
mal to the soleal line, which represents the proximal
attachment point of the soleus muscle on the leg.9

Posterior tibial and flexor digitorum longus muscle
origins also are remote from the proximal medial tib-
ial crest.

The results of this study suggest that eccentric
contraction of the superficial and deep flexor tendons
of the leg is the key pathomechanical factor resulting
in increased tibial fascia tension directed to the medi-
al tibial crest where the tibial fascia inserts. Patients
who exercise on hard surfaces (regardless of foot
type) have increased eccentric contractions of the
deep flexors for shock dissipation, and patients who
pronate excessively also have increased eccentric leg
flexor contractions to counter pronatory moments of
the midtarsal and subtalar joints.21 Coincidentally, ex-
ercising on hard surfaces and excessive foot prona-
tion are two suggested etiologic factors commonly as-
sociated with medial tibial stress syndrome.22-24 We
speculate that excessive tension on the tibial fascia
insertion due to these eccentric contractions results
in pathology.

Pathologically, the study by Johnell et al25 demon-
strated soft-tissue inflammation in the form of deep
crural fasciitis with stress reaction of the bone at the
medial tibial crest in a series of patients with shin
splints. Our personal experience with pathology spec-
imens obtained from the medial tibial crest at the
time of fascial releases of the leg for chronic medial
tibial stress syndrome are also consistent with fasci-
itis. Other authors11, 26 have reported similar findings.

Diagnostic imaging studies generally correlate with
these pathologic findings as well. Although radio-
graphic findings are typically normal, bone scanning
and magnetic resonance imaging (MRI) can help eluci-
date the area of involvement. Bone scanning, although
not specific, is sensitive for bone activity and relative
blood flow. In cases of isolated “fasciitis,” the third-
phase bone scan results may be negative, although the
first phase (perfusion) and the second phase (blood
pool) may reveal abnormal uptake (only in the acute
phase) or be normal as well. Therefore, negative bone
scan findings do not necessarily mean that the patient
does not have medial tibial stress syndrome. Magnetic
resonance imaging provides the most anatomical de-
tail of the leg, and in the acute and subacute stages,
soft-tissue inflammation and stress reaction of the
bone can be demonstrated.27 In the chronic stage, MRI
findings in the leg will probably be normal.28 When
findings from radiographs, bone scans, and MRI are
normal, diagnostic injections (with local anesthetic)
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to the involved medial tibial crest can confirm tibial
fascia involvement and its specific location.

Proponents of the tibial bending theory believe
that the end stage of persistent tibial bending is a
stress or overt fracture of the tibia. In contrast, the
natural history of fascial traction on the tibia is not, in
our experience, a tibial stress or overt fracture. We
speculate that tibial stress reaction due to fascial trac-
tion is different from tibial stress reaction due to tib-
ial bending. An important pathologic and pathome-
chanical analogy of medial tibial stress syndrome
would be plantar fasciitis, a stress reaction of the fas-
cial insertion into the calcaneus, caused by fascial
traction. As with tibial fasciitis, the natural history of
plantar fasciitis does not result in a stress fracture (of
the calcaneus) at the fascial insertion. However,
stress fractures of the calcaneus typically occur at
sites other than the fascial insertion owing to overuse
or overload.

This study has various treatment implications.
When pathology is localized to the medial tibial crest,
two therapies have proved beneficial in our experi-
ence: therapeutic injections using local anesthetic
and acetate steroid (providing an anti-inflammatory
effect) and surgical release of the tibial fascia. Our
experience with therapeutic injections has been ex-
cellent. Our experience with fascial release of the leg
has been good, with the results being consistent with
those reported in the literature.29-34 Although shin
splint straps are commonly used in clinical practice,
the results of this study suggest that they may be inef-
fective. Various circumferential strap designs and lo-
cations were used, and no strap, regardless of loca-
tion, provided any appreciable dampening effect on
the tibial fascia.

This study and its experimental design have sever-
al limitations. This was a pilot study, and we used a
small number of cadaver specimens only from female
patients of advanced age. The relative tendon loads
applied to each specimen were based on available
physiologic muscle data.19 Load values were estimat-
ed on the basis of a mathematical model involving
cross-sectional surface area of muscle. Because of
anatomical limitations, we could leave intact only the
middle to distal leg fascia and were, therefore, unable
to test traction in the proximal leg fascia. Further-
more, straps applied to the specimens were placed
after skin and subcutaneous tissues were removed,
unlike clinical placement of shin splint devices exter-
nal to the skin. However, considering this, the straps
still did not have an effect. In addition, only mid-
stance function was evaluated in this model. Because
of inconsistent data at the 9- and 12-cm locations, fur-
ther study is needed to discern whether this is due to

a study design flaw. If these data are accurate, this in-
consistency would detract from the tibial fascial trac-
tion theory. Future research should also include an
investigation correlating findings from diagnostic im-
aging studies with biopsy specimens. This would con-
firm the pathology of medial tibial stress syndrome
and identify the best diagnostic study to validate the
pathology.

Conclusion

The results of this pilot study suggest that tibial fas-
cial traction occurs at the distal tibial fascial insertion
into the medial tibial crest. These findings support
the tibial fascial traction theory, which is proposed to
explain the pathomechanics of medial tibial stress
syndrome. As a result of this localized tension force,
we speculate that the pathology of medial tibial stress
syndrome is a stress reaction resulting in a tibial
fasciitis, specifically, a medial tibial fasciitis. This ter-
minology implicates the anatomical structure that is
likely to be responsible for this condition, its location,
and the pathology involved. Further research is need-
ed to validate this pathomechanical model and to elu-
cidate the role of shin straps (if any) as a treatment
option for medial tibial stress syndrome.
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