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Getting a Leg Up on
Shin Pain

Review of Literature

Abstract:

Shin splints is an injury of the lower leg that often
afflicts athletes. Generally, symptoms include pain on
the anterolateral or posteromedial surfaces of the shin.
There is a great deal of research on the treatment and
prevention of shin splints, and based on extensive
research, several hypotheses have been proposed for
its pathophysiology; however, the exact cause of shin
splints remains unknown. This paper explains the
anatomy of the lower leg and biomechanics of gait. It
presents possible etiologies and risk factors for shin
splints, and it reviews options for treatment and
prevention. Its conclusion, based on extensive literature
review, reveals that most cases of shin splints respond
favorably to conservative care. Such care generally
includes home exercise, training and equipment
modifications, and treatment by a skilled practitioner.
However, in more advanced cases surgery may be
necessary.

Introduction and History:

Shin splints is one of the most common exercise-
induced lower extremity injuries in athletes participating
in activities that require prolonged or quick bursts of
running and/or jumping.' Such activities may include
track and field, soccer, basketball, volleyball, basic
military training, and long-distance running.”"!

During running each foot strikes the ground
approximately 50-70 times per minute, or a total of 800
times per mile, with a force 2-4 times body weight.""
The muscles, tendons, and bones that support the
lower extremity can usually adapt to such an increased
work load if training progresses appropriately.
However, the following risk factors may predispose to
the development of shin splints by leading to increased
ground reactive-forces acting on the lower extremity

and/or a compromised musculoskeletal support structure:
training errors, foot shape/biomechanics, poor conditioning,
high body mass index, poor nutrition, and degenerative
changes."**

Symptoms associated with shin splints may include
pain over the anterolateral, or the distal two thirds of
the posteromedial aspect of the shin.*® Usually, these
symptoms are present with activity and alleviated with
rest.” However, if the athlete trains throughout pain and
a proper treatment program is not initiated, the symptoms
and severity of shin splints may progress.

In the 1900s shin splints was initially defined as
any type of pain from the hip to the ankle." This broad
definition seemed appropriate because treatments for
lower extremity injuries were rudimentary and relatively
ineffective. Throughout the last four decades medical
research has led to advancements in understanding the
causes, treatment, and prevention of sports injuries.
The exact pathophysiology of shin splints remains
unknown; however several possible etiologies have
been studied."'”*

An understanding of the kinesiology, physiology,
and anatomy of the lower leg, risk factors associated
with shin splints, and a detailed history and physical
examination may aid the practitioner in developing a
proper treatment and prevention protocol.** Most
cases can be effectively treated with conservative
care.'*

Anatomy of the Lower Leg

Long bones, such as the tibia, consist of an outer
rigid layer. This external surface consists of several
concentric rings of cortical bone that are surrounded by
periosteum, a thin layer of dense fibrous connective
tissue that is richly supplied by nerves and blood. The
periosteum is anchored to the cortical bone by bundles
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of connective tissue "Sharpey fibers" (figure 1). The
periosteum has several functions: it protects the underlying
bone, participates in the repair and remodeling process of
bone, and is the site of attachment for adjacent muscles.
Muscles consist of bundles of individual fibers (fasciculi)
that are surrounded by endomysium, a thin delicate
layer of connective tissue. The fibrocartilage strands of
the periosteum intertwine with the endomysium of
abutting musculature, creating an extensive origin of
attachment. At these origins of attachment the underlying
cortical bone is rough or thickened due to bone remodeling
in response to traction exerted by muscles.?**

The tibia has three potential sites for attachments of
muscles: a posterior surface, and anterolateral and
medial surfaces that are separated by the anterior tibial
crest. The soleus, flexor digitorum longus, and tibialis
posterior musculature attach to the posterior surface of
the tibia (figures 2A). The tibialis anterior musculature
attaches to the anterolateral surface of the tibia (figure
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2B). These muscles are contained within the superficial
posterior, the deep posterior, or the anterior
compartment of the leg (figure 3).*%*** The muscles
surrounding the shin aid in coordinating movements of

the foot and ankle and in reduc-
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Most sport-related injuries can

Tibialis Posterior

Soleus Muscle

Tibia  Flexor Digitorum
Longus Muscle

Fig. 4 The Stance Phases of Gait

| e un
Terminal Midstance Loading Initial Contact
Stance Response

be attributed to repetitive ground reactive forces during

the stance phase of gait.” The stance phase of gait consists

of the following sub-phases:

¢ initial contact, when the foot of the swing leg initially
contacts the ground.

¢ loading response, beginning shortly after initial contact
as the foot begins to adapt to the ground.

¢ early midstance, when the contralateral swing leg is
midline with the body and distributes the body weight
over the stance leg.

¢ late midstance, starting when the foot of the stance leg
changes from a mobile adaptor that absorbs ground
reactive forces to a more rigid lever that prepares the
foot for toe-off.

* terminal stance, beginning shortly after heel-lift and
ending with toe-off (figure 4).722

Throughout loading response and into early midstance,
the foot goes through a series of transformations coined
“pronation,” allowing the lower extremity to be more
efficient in absorbing ground-reactive forces. Pronation of
the foot and ankle consists of

Fig. 5 Pronation of

the following movements:
the Foot and Ankle

1. The heel bone turns
outward (everts), and the
medial longitudinal arch
(instep arch) lowers
toward the ground. s

2. The tibia approximates to
the toes (ground reactive
dorsiflexion).

3. The forefoot turns outward
(abducts) (figure 5). (g

Normal range of pronation is four degrees of heel
eversion and twenty degrees of ground reactive
dorsiflexion. Pronation of the foot and ankle should end
before late midstance as the foot prepares for toe-off.?”2

Shortly after the foot strikes the ground the muscles
attaching to the anterior and posterior aspect of the
tibia contract eccentrically; the muscle fibers elongate
as tension is produced in an attempt
to decelerate a particular motion.
The soleus, tibialis posterior, and
the flexor digitorum musculature
have points of origin on the posterior
aspect of the tibia. They contract
eccentrically during loading
response and into midstance to
decelerate pronation. Shortly after
initial ground contact, the tibialis
anterior muscle contracts eccen-
trically to decelerate foot slap as
the forefoot descends towards the
ground (figure 6).2%

Fig. 6 Foot Slap




Under normal circumstances, the musculoskeletal
support structures of the lower extremity can adapt to
these repetitive eccentric loads. However, training
errors, structural abnormalities, and other factors may
predispose to excessive eccentric loads placed on the
lower leg musculature, resulting in anterolateral or
posteromedial shin splints. The exact pathophysiology
of shin splints is unknown; however, research has come
up with several hypothetical causes.

Possible Etiologies of Shin Splints
Traction Periostitis/Periostalgia

Current research supports the hypothesis that
posteromedial shin pain in runners may be caused by
excessive eccentric contractions of the superficial and
deep posterior compartment muscles that originate on
the tibia. Training that does not allow for proper
adaptation of the musculoskeletal support structures of
the lower leg, due to increased workloads, may lead to
inflammation or degenerative changes to the surrounding
fascia (fasciitis) or to the periosteum (periostitis/
periostalgia).*®** Currently, medial tibial stress syndrome
(MTSS) is the most common term to describe posteromedial
shin pain thought to be caused by periostitis or
periostalgia."*

Anterolateral shin pain has been linked to repetitive
eccentric contractions of the tibialis anterior musculature.
Downbhill running accentuates a more pronounced foot
slap, predisposing to fatigue of the tibialis anterior
musculature, which may result in anterolateral shin
pain due to a similar mechanism of injury as MTSS.*
This paper will define this condition as "anterior tibial
stress syndrome" (ATSS).

Bone Stress Reaction

Bone remodeling of the tibia in response to increased
work loads commences approximately five days after
stimulation.” Two types of cells are active in bone
remodeling: osteoblast cells and osteoclast cells.
Osteoblast cells produce new bone, while osteoclast
cells react to increased stress by reabsorbing bone.
Following bone reabsorption, osteoclast cells secrete
osteoid, which is uncalcified bone. Osteoid calcifies
into new bone after interacting with calcium and
phosphate ions. These adaptations should result in a
stronger more rigid skeletal support structure.
However, it may take ninety days for the reabsorbed bone
to be replaced by mature strong bone." Overtraining
may lead to a higher ratio of bone reabsorption by
osteoclast cells as compared to the production of new
bone by osteoblast cells. This may result in a compromised
porous skeletal support structure, which is susceptible
to a bone stress reaction."'*!* Bone stress reactions may
include microfractures, or in the more advanced stages
a stress fracture. The tibia is the most common location
of stress fractures in athletes,'”*** and most stress
fractures occur four to five weeks after the onset of new
exercise."?

The treatment of posteromedial or anterolateral
shin splints in minor injuries is similar whether the
etiology is traction periostitis/periostalgia or bone
stress reaction.” The initial history and physical
examination should focus on discovering possible risk
factors. Treatment and prevention of shin splints should
include steps to eliminate or minimize these risk factors.

Risk Factors Associated with Shin Splints

Risk factors for shin splints are intrinsic (within self) and extrinsic (external to self). ® ¢

Table 1

Intrinsic Risk Factors

Extrinsic Risk Factors

Lower limb structural abnormalities
* pes planus (flat foot, which may lead to
excessive pronation)
* pes cavus (high arch, which may limit pronation
and ability to absorb shock)

Training progression
* inappropriate intensity, frequency, or duration of
training
¢ hill training that does not progress gradually

Poor Conditioning
* overweight (body mass index > 30 kg/m2)
¢ insufficient muscle endurance
¢ insufficient muscle strength
¢ limited flexibility

Gear
* unsuitable footwear

Female Triad
* osteoporosis
* amenorrhea
* eating disorder

Training surface
* hard uneven ground

Age related changes
¢ especially noticeable after 4th decade of life

Type of sport
* activities that involve repetitive running and/or jumping

History
* previous stress fractures

1,2,4,10,11,14-16,19,22,33-36,38

A detailed history and physical examination can aid in discovering risk factors that may have contributed to the
development of shin splints. Most risk factors are correctable or can be minimized, aiding in the treatment and

prevention of future episodes.



Training Guidelines
Recommendations for frequency, duration and
intensity of training runs:**3%4

Aerobic Conditioning, 70-80% maximum heart rate
(Max HR=220-age):

This level of training is recommended for gradual
adaptation to work loads with both cardiovascular
conditioning and connective tissue adaptation.
Initially, long-distance runners should establish a
training base of 4 miles per run at this low intensity
level. A progressive training schedule may include a
frequency of 4 runs in a 7-day period, generally consisting
of 3 shorter runs (each approximately 4-6 miles) during
the week, and 1 longer run during the weekend.* It is
recommended that the weekly training mileage should
not be increased by more than 10% per week. Based on
marathon training logs and personal experience, the
duration of the long run is usually increased by an
increment of 2 miles per week or every other week, and
the intensity should continue at the aerobic conditioning
pace. After a proper training base is established, the
short duration training runs can be conducted at an
increased intensity level.

Anaerobic Conditioning, 80-90% maximum heart rate:

This training is below lactate threshold, the point
after which blood lactate rises rapidly, leading to
increased ventilation (speaking to a training partner
becomes difficult) and eventual muscle fatigue.
Anaerobic conditioning training should include a 5
minute warm up, followed by a 15-20 minute duration
at the anaerobic conditioning level, then a 1 mile
recovery run at the aerobic conditioning pace, followed
by another 15-20 minute run at the 80-90% level.
Anaerobic training makes running at a submaximal
lactate pace easier over a prolonged duration. Ideally,
the marathon pace should be conducted slightly below
the lactate threshold. Towards the end of the race, “the
last kick," the pace can be increased.

Aerobic Capacity Training (intervals), 90-95% maximum
heart rate:

This training is a vigorous challenge to the athlete's
aerobic and anaerobic capabilities, and stimulates slow
twitch and fast twitch muscle fibers. This pace should
only be maintained for 6-9 minutes, followed by a 4-5
minute recovery run at a slow pace. Aerobic capacity
training runs elevate the lactate threshold and condition
the body to deal more efficiently with oxygen debt and
muscle fatigue.

Other Training Tips:

Add uphill training gradually. Running uphill should
be conducted at a slower pace because of increased
energy expenditure due to increased arm and shoulder
action, and hipflexor and knee lift. Uphill running also
predisposes to an increased eccentric strain on the
posterior calf musculature. Downhill running should be
limited because of increased risk and limited benefits.***

Change running shoes every 300-500 miles
(approximately every 3-4 months). A sneaker loses
approximately 50% of its ability to absorb ground reactive
forces after 300-500 miles. 19374344

Modify training. Add exercises such as swimming,
bicycling, and using an elliptical machine on non-running

days, or while recovering from an injury. For prevention
of injury, the older athlete (after 4th decade of life) may
limit running on pavement.!* 34

Implement an eccentric strength training program
for the lower leg musculature. This program can aid in
the treatment and prevention of injury.” Standing and
seated calf raises strengthen the gastrocnemius, soleus,
and the intrinsic musculature of the foot. A dorsiflexion-
assisted resistive device, resistive tubing, or a cable
machine strengthens the tibialis anterior and extensor
musculature of the leg."*3%447 The strength training
program should address the whole lower kinetic chain.*
Squats eccentrically strengthen the quadriceps, hamstrings,
and gluteal musculature; romanian deadlifts eccentrically
strengthen the latter two muscles. Abduction, adduction,
and hip extension exercises can be conducted with a cable
machine or tubing.*” Based on my training experience,
this lower extremity routine should be conducted at a
frequency of one time per week, usually on a Tuesday,
Wednesday, or Thursday, if the long run is conducted
on a Saturday or Sunday.

Stretch. Static stretching and ballistic stretching
have both been shown to increase flexibility of the lower
extremity.®* I have found a post-workout stretching
routine to be helpful in decreasing cramping and muscle
soreness, especially after a long duration training run
or bike ride.

Introduce pre-season conditioning. Pre-season
conditioning that includes a plyometric program can
jump-start the process of bone remodeling and prepare
the lower extremity support structures for elevated
eccentric work loads.>®!*1%265176

It should be emphasized that every athlete needs to
be addressed individually. Generic marathon training
schedules are helpful, however they may need to be
modified for each individual to maximize gains and
minimize injury. An experienced trainer may aid the
athlete in achieving goals by tailoring a training program
and re-assessing progress based on training logs and
exertion levels.

Following the above training advice may prevent
injury. However, additional treatment and training
modification may be necessary for the athlete who
experiences shin pain. The discouraged athlete will
usually seek care when an injury makes training
impossible.

Diagnosing Shin Splints

To properly diagnose the athlete's condition, the
treating physician will take a detailed history and
examination to discover the onset and location of pain
and attributed risk factors. Palpation may reveal diffuse
tenderness over the distal two thirds of the posteromedial
aspect of the shin (MTSS) or the anterolateral aspect of
the shin (ATSS).!**%” However, palpation that reveals
the following may be a red flag for bone-stress reaction:

* focal tenderness localized to bone
e swelling
e warmth / redness

* inability to train due to severe pain at the localized
Sig—ht.14,17,19

Plain film radiographs (x-rays) are routinely taken
of the leg in patients with shin pain. This baseline



study may reveal a periosteal reaction, callus formation,
or a radiolucent line that are common findings of a bone
stress reaction or frank stress fracture. Radiographs
may also rule out other pathological conditions such as
an osteoid osteoma, osteosarcoma, or Ewing's sarcoma.
However, bone stress reactions are usually not visualized
on radiographs until the 2nd to 6th week post
injury/initial complaints of symptoms."*'*** “The
sensitivity of early fracture detection by radiography
can be as low as 15%, and follow up radiographs may
demonstrate diagnostic findings in only 50% cases."**
More advanced studies may be needed for further
evaluation, such as an MRI (magnetic resonance
imaging test) or a BS (bone scan). These studies are
more sensitive in detecting bone pathology earlier in
the stage of injury, and they aid clinical judgment in
regards to a gradual return to sport specific training.
Such gradual returns may require a longer period of
modified rest, immobilization, or corrective surgery for
more advanced cases of bone stress reactions."'*%

Treatment of shin splints
Goals of therapy include the following:

* reduce pain and promote healing.

¢ incorporate pain-free modified training to maintain fitness.
* correct or minimize risk factors.

e gradually re-introduce pain-free activity.

¢ develop realistic additional training goals.

Severity of symptoms and level of injury are generally

scored on a four-grade system:

Grade 1: Pain is present at the end of the workout but
is minimal.

Grade 2: Pain is present during the workout but does
not affect performance.

Grade 3: Pain during the workout affects performance
but dissipates when the workout ends.

Grade 4: Pain does not allow participation in sport and
is present during activities of daily living.!

Usually, the athlete will seek treatment when pain
hinders performance. The initial goals of therapy are to
promote healing and reduce pain and inflammation.
The following initial treatments may be useful:

Inflammation reduction

Use of nonsteroidal anti-inflammatory medications
per prescription, and application of a cold pack to the
shin for twenty minutes on, one hour off, repeated
throughout the day can reduce inflammation. Use of
iontophoresis with dexamethasone may also decrease
inflammation." '

Ultrasound and electric muscle stimulation combination
therapy

The therapy can restore normal muscle tone, aid in
the healing process, and reduce pain.''%932558

Manual adjustments to the ankle and foot
Adjustments free-up joint motion of the talocrural,
subtalar, and midtarsal joint articulations.”*

Deep tissue procedures, such as the Graston Technique
(manual therapy that utilizes specially designed
devices) and Active Release Technique (a patented
manual therapy technique)

Procedures break up scar tissue and restore soft tissue
motion (figures 7A,7B). There is considerable clinical

evidence to support the effectiveness of deep tissue
procedures in treatment of strain/sprain injuries.®®®
Myofascial techniques have been shown to stimulate
fibroblast proliferation, leading to collagen synthesis
that may promote healing by replacing degenerative
tissue with a stronger and more functional tissue.**

Phototherapy, such as low-level laser therapy or infrared
light

Phototherapy decreases inflammation, increases
the speed of tissue healing, and decreases pain.***

The above treatments may reduce pain and
inflammation, and may speed the body's normal
healing response. However, time is a primary factor in
recovery: Approximate return to pre-injury strength for
bones, ligaments, muscles, and tendons can range from
12 weeks, 40-50 weeks, 6 weeks-6 months, and 40-50
weeks respectively.'*?

During the initial treatment phase — for more severe
Grade 2, Grade 3, and Grade 4 injuries — athletes can
maintain cardiovascular fitness with modified training.
For example, a runner should cycle or swim at a pain-free
level.t 121

Fig. 7A Starting Position Active Release Technique
Demonstrated on Tibialis Anterior Muscle

Finish Position




There are no exact studies indicating when to
re-introduce sport-specific training; however, the
following may be a useful guideline: If there are no
time-specific training goals, cease sport specific activity
for 2 weeks, and maintain cardiovascular fitness with
modified training. After 2 weeks of modified training
and conservative therapy, re-introduce pain-free running
on a soft track or treadmill, at approximately 50% of the
pre-injury intensity and duration. Then, increase the
duration of the training runs by 10% each week. It is
hopeful that the pre-injury duration can be reached
in 5-6 weeks. Athletes should cease running if they
experience pain. A brief period of modified training
and resumption of pain-free running at a lower intensity
and shorter duration may be necessary. The intensity of
the training should progress appropriately only after
the pre-injury duration is obtained.*”"

Depending on the duration of the athlete's most
recent pre-injury training run, my recommendations
for return to activity may vary with the above guidelines.
Usually the duration of the initial training run would be
2-4 miles, conducted on a treadmill, at a speed of 10
minute/mile (very slow for most athletes). If the athlete
can conduct 2-3 of these training runs without pain, we
would create a program, based on the above guidelines,
for achieving time-specific goals.

Before re-introducing sport-specific training, the
following methods may reduce the workload placed on
the musculoskeletal support structure of the lower leg
that are present due to intrinsic risk factors:

* Buy proper running shoes.
A pes cavus foot structure may benefit from a
cushioned sneaker. The sneaker liner can be
removed and replaced with a cushioned insole. The
rearfoot varus, pes planus valgus, and forefoot varus
foot structure may benefit from a motion-control
sneaker.®

¢ Use appropriate arch supports as necessary.
A semirigid orthosis with a medial arch support, no
higher than five-eighths of an inch, can limit excess
or prolonged pronation,!#?728336770

* Tape the foot.
Taping can limit pronation.””!7

¢ Temporarily use a quarter-inch or three-quarter inch
heel lift.

Temporary use can limit compensatory pronation
caused by ankle equinous. As range of motion of the
talocrural joint in dorsiflexion improves with therapy,
the heel lifts can be removed.'?%

* Apply a shin sleeve or strapping.
Sleeves and strappings can add support for leg muscles.

¢ Obtain nutritional advice.
A dietitian can calculate caloric burn rate and
develop a meal plan for healthy weight loss,
maintenance, and proper nutrition.*

¢ Obtain medical examinations
Primary physicians or gynecologists can rule out
deficiencies common in athletes, such as low
estrogen, ammenorhea, or low bone density.

e Train for flexibility
Increasing flexibility can reduce compensatory
pronation due to ankle equinous, and the posterior
calf musculature can be stretched.!?>#3737¢

The treating physician needs to continually
re-evaluate the athlete during the course of therapy. If
the athlete has time-specific goals, is not responding to
conservative care, or symptoms re-appear when
sport-specific training is re-initiated, a BS or MRI may
be needed. In addition, treatment of slow healing stress
fractures may require immobilization with casting
or a walking boot for approximately 3-8 weeks.*"
Pain-free modified training can maintain the athlete's
cardiovascular fitness, and sanity, during this period.
Once union of the stress fracture is evident on repeat
imaging studies, and pain is not present with
ambulation, sport-specific training can be gradually
re-introduced.

If non-union of the stress fracture is present on
repeat imaging studies after 4-6 months of immobilization
and rest, surgery may be necessary. Surgery may include
intramedullary nailing, cortical drilling, or excision and
bone grafting.'**” In recalcitrant cases of MTSS,
surgery may include fasciotomy of the posteromedial
superficial and the deep fascia of the tibia.’
Posteromedial fasciotomy may aid in alleviating the
pull of the soleus and deep posterior calf musculature
of the leg on their insertions on the tibia, as well as
decreasing pain due to denervation of the periosteum.**
Post-fasciotomy studies have indicated good results in
regards to reduced shin pain, however many athletes are
not able to return to full sport specific training levels.*7

Conclusion:

Shin splints is one of the most common lower leg
sport-related injuries. Risk factors include training errors,
foot structure abnormalities, high body-mass index,
age-related degenerative changes, poor conditioning,
and inadequate calcium intake or estrogen levels. Most
cases of shin splints can be treated successfully with
conservative care. Conservative treatment includes
the following:

e reduction of pain and inflammation
* modified training to maintain cardiovascular fitness

* modifications to gear, such as obtaining new running
shoes

* implementation of a strength and flexibility program
e correction of training errors

* a pain-free gradual return to sport-specific activity

* Nutritional counseling or hormonal therapy

If the injury does not respond to conservative care,
or there is a time-specific training goal, a BS or MRI
may be beneficial in the early detection of stress
fractures or other pathologies. Other treatment options
for recalcitrant shin splints may include prolonged
immobilization with pain-free modified training, surgery
to promote bone-union, or a fasciotomy.
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