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ABSTRACT

Background and Purpose: Typical
treatment of tibial stress fractures requires
cessation of weight bearing activity followed
by a gradual return to running. The purpose
of this review was to examine the evidence
behind increasing running mileage by 10%
per week and develop an evidence-based
return to running program. Methods: A
literature search was conducted using search
terms related to running, stress fractures,
and bone healing. Relevant articles were
identified through a 3-stage study selection
process. Findings: The search produced 15
articles. One article contained a randomized
controlled trial examining a graded training
program. Eight articles contained return to
running protocols. Clinical Relevance: This
article provides an evidence-based protocol
encompassing the most important aspects
of stress fracture management. Conclusion:
An original source or evidence for use of
the 10% guideline was not found. Several
articles suggested protocols or evidence for
certain aspects of treatment, but none pro-
vided a complete evidence-based guideline
or treatment plan.
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INTRODUCTION AND
BACKGROUND

Long distance running is a commonly
practiced means of engaging in exercise,
physical activity, and leisure among the
general population. Easy accessibility and
a growing interest in disease prevention
contribute to its increasing popularity.’
Although distance running provides many
positive health effects, injuries can and
do result from this training mode. Over-
use injuries frequently occur in the lower
extremities due to repetitive tissue stress.'
Edwards et al’® estimate that 26% of recre-
ational and 65% of competitive runners will
sustain some form of overuse injury in any
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given year. Further, a higher incidence of
injury has been appreciated in runners with
previous lower extremity pathology.!

One overuse running injury that com-
monly plagues both elite and recreational
athletes is a stress fracture. Stress fractures
account for 15% to 20% of overuse injuries
in runners.? A stress fracture is a mechanical
failure of the bone in which activity of the
osteoblasts cannot keep pace with activity of
the osteoclasts. A repetitive, cyclical loading
of the bone with inadequate recovery tran-
spires and the bone is unable to repair itself
between exercise sessions.” Unfortunately,
the repetitive and high loading nature of run-
ning creates an ideal environment for stress
fracture development. Other factors such as
an increase in training intensity, running on
hard surfaces, inappropriate footwear, and
poor biomechanics may contribute as well.*
The tibia is reported to be the most common
site of stress fracture occurrence, accounting
for 35% to 56% of all stress fracture inju-
ries.’ Tibial stress fractures in runners are
most commonly located at the junction
of the middle and distal thirds of the tibia
along the tibial shaft.®

Etiology of Injury and Risk Factors

A number of extrinsic and intrinsic ele-
ments are considered risk factors for tibial
stress fractures. An extrinsic element is an
external factor that can impose additional
stresses on the bone while running. Exam-
ples include training regimens, footwear,
and running surfaces. An intrinsic element
is an internal factor that can impose addi-
tional stresses to the bone. Examples of
intrinsic elements include running mechan-
ics, anatomical variations, and individual
health factors including poor bone health
(osteoporosis and low bone density).

Evidence suggests that improper train-
ing regimens are a key extrinsic factor in
the occurrence of stress fractures. According
to Reeder et al,? it is important to focus on
the runner’s training regimen and history in
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order to identify potential injury-causing
factors. A sudden increase in the intensity
and duration of training puts the runner at
risk for developing a stress fracture.” A study
by Matheson et al® states approximately
30% of athletes who had stress fractures
incurred the injury within 12 weeks of a
change in training regimen. The mileage run
per week can also be a factor in the occur-
rence of stress injuries. Higher mileage per
week is associated with increased risk of
overuse injuries.” Studies show that running
more than 64 km/week (approximately 40
miles/week) is a significant risk factor for
lower extremity injuries.’ Likewise, limited
evidence suggests running year round with-
out a break from training is a significant risk
factor for lower extremity injuries.’

Other changes in training regimen such
as changes in running surfaces or footwear
are associated with injury as well.> Both
Ballas et al” and Taube et al'® suggest run-
ning on hard surfaces consistently (such as
concrete) may increase the risk of stress frac-
tures. Conversely, van Gent and colleagues’
suggest the evidence behind this association
is limited. Although some studies show foot-
wear can play a preventative role in stress
injuries overall, it may not play a significant
role in the reduction of tibial stress fractures
specifically.! Some evidence suggests that
proper footwear may be a protective factor
for female runners only.!

Inappropriate running mechanics are
common intrinsic factors associated with
stress factors. Specifically detrimental are
running mechanics such as deviations in
hip and ankle motions that increase tensile
forces on the tibia.> Abnormal kinemat-
ics during running can also contribute to
altered loading patterns on the tibia.> Pohl
et al’ identified increased peak hip adduc-
tion, peak rearfoot eversion, and peak abso-
lute free moment as significant predictors of
tibial stress fractures. Hindfoot and forefoot
varus and compensatory hyperpronation
were also linked to tibial stress injuries.'?



Bennell et al® describe reduced muscle
size and strength, particularly in the calf
muscles, as another predisposing factor to
stress fractures. Additionally, the interplay
between running mechanics and factors
related to bone healing suggest that changes
in stride length and running speed may
also be important to consider as an athlete
returns to running.

Anatomical factors play a role in pre-
disposition to stress fractures. Clinically
relevant leg length discrepancy is found to
increase the likelihood of stress fractures in
an athletic population.” A pes cavus foot is
linked to stress fracture incidence; because
this foot type is more rigid, it does not
absorb shock and passes impact forces to
the tibia therefore increasing risk for a tibial
stress injury.”” Abnormal lower extremity
range of motion such as increased hip exter-
nal rotation and decreased ankle dorsiflexion
are also associated with stress fractures."

There are also physiological factors that
affect injury risk. A history of injuries is a
significant health factor associated with
lower extremity injury, as is poor physi-
cal fitness before beginning a training regi-
men.""  Additionally, females are more
likely to develop stress fractures.! This may
be due to lower bone density as compared to
males.” Females may also suffer from amen-
orrhea due to high training levels, abnormal
eating patterns, and decreased body weight
(commonly known together as the female
athlete triad). Amenorrhea is linked to low
bone mineral density and susceptibility to
stress fractures.’?

Intervention

Typical intervention for a tibial stress
fracture requires full cessation of weight
bearing activity followed by a gradual
return to painfree activities.'” Raasch et al!
reported that runners are often noncompli-
ant with the recommended full cessation of
running, as they commonly exhibit a “need
to run attitude.” The high motivation of this
population to return to sport quickly calls
for the careful compilation of an appropri-
ate and gradual return-to-running protocol
that takes into account the many factors
involved with successful healing of a tibial
stress fracture. Unfortunately, there are few
concrete guidelines established to assist run-
ners during the “return to running” process.
One such guideline that is commonly refer-
enced in this regard is the “10% rule.””

The 10% rule suggests that runners
increase their mileage by no more than
10% per week. Incrementally increas-

ing running volume is a factor in prevent-
ing an overuse or reinjury as it allows the
body to gradually adjust to external impact
forces.'® The 10% rule alone however does
not adequately address the variance among
runners, or the numerous factors that can
contribute to a stress fracture. In fact, Ben-
nell et al®® reported there are no published
studies comparing different return to run-
ning programs that include evidence for
progressive increases in loading. Despite the
lack of evidence, the 10% rule has become
a well-known standard rehabilitation proto-
col for returning runners to their prior level
of training. Therefore, the purpose of this
review was to examine the evidence behind
the 10% rule for return to running follow-
ing a tibial stress fracture, and to develop an
evidence-based and safe return to running
program post tibial stress fracture.

METHODS
Search Strategy

The databases of Medline, SportDis-
cus, EMBASE, PEDRO, CINAHL, the
Cochrane Library, and the National Guide-
line Clearinghouse were searched for rel-
evant literature. The following search terms
were used: stress fractures, running/injuries,
running/education, athletic injuries, lower
extremity injuries, fracture/bone healing,
physical education training/rehabilitation,
cumulative trauma disorders, and exer-
cise therapy/therapy. The search was lim-
ited to English-language articles published
within the last 20 years. Initially, all papers
associated with lower extremity athletic
related injuries were included. Articles were
excluded if subjects in the study were either
less than 18 or greater than 65 years of age.

Study Selection

The study selection was a 3-stage pro-
cess. The first stage evaluated relevance to
this topic by reviewing the article titles. The
article was included if the title met at least
one of the following criteria: related to a
fracture of the lower extremity, referenced a
running protocol, or discussed the rehabili-
tation process for return to running. A total
of 4 reviewers participated in this stage. The
articles generated by the initial search were
divided in half. Two reviewers were assigned
to each half. Each reviewer individually
identified articles that met the selection cri-
teria. All articles identified as meeting the
search criteria were included in the next
stage of review, even if only one of the two
reviewers identified it as relevant.

The second stage in the study selection
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process consisted of one reviewer further
assessing the title and qualitatively review-
ing the abstract of each paper. For a paper to
be retained for further scrutiny, the title or
the abstract had to be associated with tibial
fractures, use humans as subjects, or allude
to running related protocols. Exclusion cri-
teria for this stage of the selection included
femur, fibula, tarsal and foot bone fractures,
muscular related running injuries, and lower
extremity injuries related to athletic activi-
ties other than running.

The third and final stage of the study
selection involved two reviewers reading the
title, abstract, and full text of each article,
again searching for relevance to our review’s
purpose. Papers included during this final
stage were confirmed via reading of the full
text to include clear references to risk factors
associated with stress fracture in addition
to return to running protocols, or currently
accepted treatment of tibial stress fractures.
Papers were excluded if they were opinion
pieces/case studies, included only a limited
population (females only, military only, pro-
fessional athletes only), or were determined
to be unrelated to our purpose (psycho-
logical readiness for return to sport). Each
reviewer assessed the articles independently.
In the event of a disagreement between the
two reviewers, a single third reviewer was
asked to read the article and make an inclu-
sion decision. The types of studies that were
reviewed for inclusion were randomized
controlled trials, case studies, and systematic
reviews.

After these 3 stages of the initial study
selection, we performed a final search to
identify any additional relevant articles that
could contain helpful information related
to our purpose and may have previously
been missed. To do this, the references of all
articles that remained were compiled into a
master list. Duplicates and all articles previ-
ously screened out during the selection pro-
cess were removed from this list. From those
articles that remained, we hand searched to
identify articles with information relevant
to our review and scrutinized each using the
same 3-stage process (Table 1) previously

described.

Protocol Creation

In order to create our own protocol, we
gathered the components of each existing
protocol from the articles we accepted for
use in our study into one large document,
separately listing each component. Compo-
nents varied widely amongst the protocols
and included elements such as a non-weight
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Table 1. PRISMA 2009 Flow Diagram

database scarching
(n=622)

Records identified through

'

(n=417)

Records after duplicates removed

|

Records screened
(n=417)

Records excluded

'

Full-text articles
assessed for
eligibility
=301

'

Studies included in
qualitative synthesis
(n=15)

> (n=387)

Full-text articles
excluded, with
reasons
m=151

bearing (NWB) phase, cryotherapy, ham-
string stretching, strengthening, and return
to activity. Using the literature we identi-
fied through our original search, as well as
separate searches if necessary, we cited the
existence and level of evidence behind each
component separately (Table 2). If there was
no evidence available for any listed compo-
nent, it was excluded from the final proto-
col. Once all the evidence was graded, we
organized it in such a way that the order and
progression was logical. We used the Agency
for Healthcare Research and Quality criteria
to grade the evidence (Table 3).

RESULTS
Search Results

Through database searching, 623 records
were identified. After duplicates were
removed, 417 publications met the inclu-
sion and exclusion criteria for the title. Of
these 417 publications, 387 were excluded
based on the title and abstract. This left 30
full-text articles to be assessed for eligibility
for inclusion. Fifteen of those articles were
excluded due to inappropriate sample popu-
lation and lack of protocol relevance, leaving
15 articles for inclusion in this study. The
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final hand search did not generate any addi-
tional articles used in this review (Table 1).

Validity of 10% Rule

Of the 15 articles produced by this
search, none specifically examined and
demonstrated the validity of the 10% rule
for increasing mileage in running. Arendt
et al” examined the occurrence rate of
stress fractures in Division I athletes (in all
sports including track and cross country
but excluding football) at the University of
Minnesota over a 10-year period. Although,
this study was able to show that 48% of the
stress injuries to bone could be correlated to
a change in training regimen.” This study
however did not specifically examine a 10%
increase in mileage per week in the running
athletes. The study also indicated higher
grade stress injuries required a significantly
longer time to return to full activity than
lower grade stress injuries."”

Existing Protocol Review

Eight of the articles located through
our search included protocols for return to
running after stress fracture. We extracted
categories of information from each article
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including the initial weight bearing status
of the patient, recommendations for cross-
training, and intervention based on specific
identified intrinsic and extrinsic risk fac-
tors. There were several discrepancies and
differences between these protocols regard-
ing each of these categories. For example,
recommendations related to weight bear-
ing ranged from NWB to weight bearing
as tolerated (WBAT) by the patient. Simi-
larly, intervention recommendations ranged
from modalities such as ice, transcutaneous
electrical nerve stimulation (TENS), and
ultrasound to changes in training surfaces.
The lack of standardization regarding stress
fracture management and return to running
postinjury indicates validity of our pur-
pose, the necessity of careful examination of
existing evidence. Additionally, it indicates
the usefulness of compilation of the best-
supported portions of each protocol into a
new and comprehensive return to running
program. It should be noted that we do
not support a “one size fits all” approach to
treatment of any dysfunction. We do how-
ever, support the creation of a general proto-
col that includes specifically graded evidence
for each intervention and allows clinicians
to make educated decisions as they adapt it
to each individual patient. In recognition of
this, although several protocols were iden-
tified, we noted that none offered evidence
that the interventions included had been
tested in a systematic scientific fashion, nor
did any of the identified protocols specifi-
cally grade their evidence.

DISCUSSION

While compiling the current evidence
regarding return to running after a tibial
stress fracture, multiple protocols were
found. Although many of these protocols
call upon the existing evidence regard-
ing factors such as running mechanics and
bone healing, none of the protocols grade
the evidence behind their protocol develop-
ment and activity recommendations. Since
these protocols do not contain graded evi-
dence for their interventions, we identi-
fied a need for an updated evidence-based
return to running protocol for athletes
with tibial stress injuries. This new protocol
(Appendix) compiles the evidence behind
the causes and the modifiable risk factors of
tibial stress injuries and the existing return
to running protocols. Again, the graded evi-
dence behind each component of the new
protocol is presented in Table 2.



Table 2. Graded Evidence

Phase I: Rest
PHASE I: 3-10 days Initial Exercises
Goal Minimize pain, inflammation, and edema
Promote proper tissue healing
Strengthen proximal musculature
Stretch tight musculature
WB Nonweight bearing until walking pain-free
Precautions Do not force weigh bearing status, progress as pain allows
Progression Criteria Painfree during all exercises
May progress to Phase II exercises when walking is pain-free for half mile
Treatment Suggestions/Precautions Education: etiology, footwear, training factors, nutrition, risk
factors, biomechanics, the recovery process
Pain management: rest, cryotherapy
Exercises:
Name Level of Evidence Description
Cryotherapy Moderate Use until swelling subsides
(Hubbard and Denegar, 2004)
Sidelying hip abd/ER Moderate Sidelying with hip flexion,
(Reiman et al, 2012) raise flexed lower extremity
Bird-dog quadruped Moderate Kneel on all 4 extremities,
(Reiman et al, 2012) with contralateral arm/leg lift
Gastrocnemius and soleus stretch Moderate Long-sitting, use foot strap for
(Fredericson M, 1996) gastrocnemius. Seated, knees flexed
with foot strap for soleus
Hamstring stretch Moderate Long sitting, reach for toes
(Fredericson M, 1996)
Nonweight bearing until painfree Strong Do not load the lower extremity
(Arendt et al, 2003) until pain is 0/10
I
Phase II: Cross Training
PHASE II: 4-7 weeks Transition Exercises
Goals Gradually increase muscle strengthening activities into weight bearing activities
Incorporate cardiovascular conditioning via low-impact cross-training
Reintroduce multi-planar movement
Continue to stretch tight musculature
Begin core strengthening
Reintroduce jogging
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WB No limitations in weight bearing for daily activity
Precautions Do not overstress during strengthcning activities
Proper education and supervision are required for elliptical use
No more than 30 minutes daily for lower extremity conditioning,
but no limitations for upper extremity conditioning
Alternate strength and cardiovascular training by every other day
For any pain, regress exercise protocol by one week
Do not start jogging before week 3
Progression Criteria Painfree during all exercises
May progress to Phase III exercises when patient can jog 10 minutes painfree
Treatment Suggestions/Precautions Exercises:
Name Level of Evidence Description
Low impact cardiovascular Strong Walking, deep water pool running,
training (Arendt E et al, 2003) aqua walking/jogging, stationary bike,
elliptical training
Non-competitive freestyle swimming Moderate Freestyle swimming using upper and
lower extremities to propel
the body forward
Upper extremity ergometry Moderate Adjust arm resistance as tolerated
(Taube RR & Wadsworth, LT 1993)
Gastrocnemius, soleus and Moderate Stand on slant board with LE
hamstring stretch extended or flexed for
(Fredericson M, 1996, Taube RR & gastrocnemius and soleus,
Wadsworth LT, 1993) respectively. Long sitting with foot
strap for hamstrings
Heel raises Moderate Standing and lifting heels off of the
(Taube RR & Wadsworth LT, 1993) ground
Bridge/plank and side bridge Moderate Prone or sidelying, raise trunk while
(Reiman et al, 2012) WB through forearms and knees/toes
Side stepping with abductor band Moderate Initially, side step without a band;
(Reiman et al, 2012) Place band proximal to ankle and step
laterally
Two leg bridging Moderate Supine, knees flexed and feet flat on
(Reiman et al, 2012) the table. Raise pelvis off the table.
Maintain neutral spine and pelvic
alignment
Lunge Moderate Standing, flex single hip and knee
(Reiman et al, 2012) forward into lunge position. Make
sure knee does not pass
toes and hip, knee,
and 3rd toe are in proper alignment

(Continued on page 42)
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Table 2. Graded Evidence (Continued from page 41)

If any pain, regress exercise protocol by one week

Phase III: Running
PHASE III: 4 weeks Running Exercise
Goals Restore muscular strength
Restore cardiovascular endurance
Incorporate sport-specific plyometrics
Educate proper running form, biomechanics, and training
Maintain strength training and flexibility from Phase II exercises
Progress to pain-free running at moderate intensity
Precautions Two week progression and one week regression

Progression Criteria

Make appropriate adjustments to running stride (cadence, stride length, speed)

Gradually increase mileage and intensity

Treatment Suggestions/Precautions

Exercises:
Name Level of Evidence Description
Elliptical training Moderate Lower extremity and upper extremity
(Raasch WG & Hergan D]J, 2005) cyclic movement on cross trainer
Sport-specific drills Moderate Progress forward hops, bounding, step
(Podlog et al, 2010) hops, high knees, etc.
10% stride length reduction Moderate Smaller steps while running
(Edwards B et al, 2009)
Decrease running speed by 1 m/s Moderate Reduce running pace
(Edwards B et al, 2010)
Running progression Low Progress conservatively; watch for
(Liem BC, Truswell HJ & compensations in gait
Harrast MA, 2013)

Suggested Protocol

Our return to running protocol com-
prises 3 phases. The first phase (Phase I) is
a resting phase. This phase begins as soon
as a tibial stress injury is identified. Once
diagnosed, the runner is then classified into
one of two groups. Group I contains runners
that are at a high level of fitness (clinician
estimated VO, max > 45 ml/kg/min), are of
younger age (< 35 years of age), have good
bone health, do not have a history of previ-
ous stress injury, have minimal pain at rest (<
3/10 as measured by a numeric pain rating
scale) and ecarly detection of their stress
fracture (within one month of pain onset).
Group II contains runners who have a high
pain level at rest (> 3/10), history of previous
lower extremity running related injury, low
to mid-level fitness levels, later identification

of injury after initial pain onset, poor bone
health (evidence of osteopenia, osteoporosis,
or other factors such as the female athlete
triad), or for any other reason are not appro-
priate for Group I. During this phase, run-
ners in both groups are recommended to be
NWB until the athlete is painfree at rest and
cleared to weight bear by their physician.
The focus of intervention will be on educat-
ing the athlete, pain management, assessing
muscular imbalances, strengthening and
stretching. After the runner is painfree at
rest, they can begin walking/weight bear-
ing as part of their normal activities of daily
living (ADLs)." Once the member of group
one can complete their ADLs for 3 to 5 days
painfree, they move on to the next phase
(Phase II)."” Members of Group II must be
painfree with ADLs for 7 to 10 days before
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moving to the next phase.” If at any time the
runner starts to experience pain again, they
must return to Day 0 of their painfree rest
day count and progress through the phase
as before.

Phase II of the protocol is the transition
and cross-training phase. The focus of this
phase is to progress strengthening exercises
and introduce cross-training as tolerated.
This phase also begins to introduce high
impact activity in a cyclical nature in order to
allow for proper bone healing. Our research
suggests that one full cycle of bone healing
will take 16 to 24 days (about 3 weeks), and
that extra care should be taken during the
last 6 to 10 days of this cycle to avoid over-
stressing the new deposition.* Submaximal
loading is important during the first two
weeks as this stress stimulates the activity
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Table 3. Agency for Healthcare Research and Quality (AHQR) - Strength of Evidence

Strong High confidence that the evidence reflects the true effect.
Further research is very unlikely to change our confidence in the estimate of effect.
Moderate Moderate confidence that the evidence reflects the true effect.
Further research may change our confidence in the estimate of effect and may change the estimate.
Low Low confidence that the evidence reflects the true effect.
Further research is likely to change the confidence in the estimate of effect and is likely to change the estimate.
Insufficient Evidence is either unavailable or does not permit a conclusion.

of osteoblasts. Given this, our cycles are 3
weeks in length with the third week reserved
for reduced loading. During this phase, the
runner must remain painfree in order to
allow continuation through the protocol. If
the runner experiences pain, they return to
the previous weekK’s activity level. By the end
of this phase, runners of both groups will
complete 10 minutes of painfree light jog-
ging before moving onto the final phase of
the protocol.

Phase III of the protocol is the return
to running phase. This phase focuses on
continued education of the runner as well
as making minor adjustments to running
speed and stride length to reduce the risk of
reinjury. Edwards et al'¥ suggest that reduc-
ing running speed is an effective kinematic
adjustment that can be implemented during
the regimen's initial stages to reduce the
probability for tibial stress fracture. Addi-
tionally, as return to running progresses, it
must be considered that changes in stride
length are naturally occurring in conjunc-
tion with changes in running speed.” The
reduction in external ground reaction forces
appears to be more related to decreased
stride length rather than changes in speed.?
Therefore, the athlete further into recovery
can benefit from attention to cadence as an
increase in cadence allows a reduction in
stride length without sacrificing running
speed.

The early portion of this phase is struc-
tured as the runner increases the amount of
high impact activity and introduces different
running surfaces. Group I will complete a
minimum of one structured training cycle
and then be given recommendations on how
to progress to their previous activity level if
they remain painfree. Members of Group 1I
will remain on the structured program for
4 cycles before beginning their independent
progression to their previous activity level.
Four cycles allows adequate time for com-
plete maturation of the new bone in this
more high risk group.*
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Many factors were considered in the
development of this protocol. Athlete edu-
cation is introduced early in the protocol
to keep the runner from making training
choices in the future that may lead to rein-
jury. Strengthening and stretching are also
introduced early on to address some of the
biomechanical factors that predispose a
runner to injury. A cyclic approach to train-
ing that incorporates a rest phase reduces the
risk of reinjury during the weaker phases of
bone remodeling. Forms of low impact exer-
cise are used during the cross-training phase
to help maintain the athlete’s fitness level
without over-stressing the bone. It should be
noted as well that along with the suggested
protocol presented here, clinicians should
always tailor interventions to the unique risk
factors and specific needs of each patient
based upon subjective history reports as well
as physical examination findings.

CONCLUSION

The purpose of this review was to exam-
ine the evidence behind increasing running
mileage no more than 10% per week, and
to compile existing evidence regarding tibial
stress fracture rehabilitation and return
to running protocols. The majority of the
articles produced by our search referenced
gradual training progression and many of
them specifically mentioned a 10% per week
increase in mileage per week, but none of
the articles cited a specific source or origin
of the 10% guideline. Furthermore, none
of the articles have tested or provided evi-
dence for use of the 10% guideline. With
regard to our protocol creation, it should be
noted that although we are confident in the
content and evidence behind our suggested
protocol, we recognize that its validity is
also limited until it too has been tested in a
formal, randomized trial.

CLINICAL APPLICATIONS
Tibial stress fractures are a common
injury plaguing runners across the ability

43

spectrum, and can be difficult to treat. Run-
ners are often instructed to “rest and return
gradually,” but this treatment suggestion is
ambiguous and may be misinterpreted. It
also does not take into account each athlete’s
unique characteristics such as previous bone
health, age, running biomechanics, and
training status, all of which are important
factors in rehabilitation. The clinical appli-
cation of the literature review culminates in
our creation of a return to running protocol.

Given the complexity of the rehabili-
tation from stress fracture to a return to
running, we identified a need for an evi-
dence-based set of guidelines considering
the most important aspects of stress fracture
management: bone healing time and phases,
pain as an indicator of healing, and a multi-
modal approach to the return to activity and
running.” We researched and considered
carefully the effects each of these have on
a safe progression. Although we acknowl-
edge that it has not been tested formally, we
believe that the evidence and research behind
each component make it a useful resource
for physical therapists treating this injury.

Overall, this protocol is easily adapted
for use with a wide range of athletes. It
uses pain (a very individual experience) as
an indicator for progression through the
phases, so that each athlete is considered
uniquely and appropriately for his or her
personal response to the rehabilitation. This,
along with suggestions for interventions
along the recovery continuum, and explicit
evidence grading for each, make these guide-
lines useful widely in the clinic.
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Appendix. Return to Running Protocol

Phase I: Rest (Duration: 3-10 days)

Initially, subjects are classified into either Group 1 or Group 2.

Criteria for Group 1:

e Stress fracture diagnosed within one month of onset;

* Higher estimated fitness level (VO2 max>45ml/kg/min);
* Age <35 years;

¢ Good bone health;

* Hormonally ‘normal’s

* Resting pain level at onset <3/10.

Criteria for Group 2:

e Stress fracture diagnosed after one month of onset;

* Lower estimated fitness level (V02 max<45ml/kg/min);
o Age 235 years old;

Poor bone health (e.g. osteopenia/osteoporosis);

* Previous running related injury;

* Resting pain level at onset 23/10.

Baseline: Nonweight bearing until painfree at rest and released to weight
bearing by physician

Suggested interventions include:

Education: recovery protocol, etiology, footwear, training (surfaces,
intensity, progression), nutrition, risk factors, biomechanics

Assess muscular imbalances, biomechanical errors (distal and proximal)
Hip strengthening: open chain exercises (e.g. sideling hip abduction,
bird-dog)

Pain management: cryotherapy

Stretching (eg, gastrocnemius, soleus, hamstrings)

“Painfree Transition”

Patients in Group 1 must be painfree with walking for 3 to 5 days before
transitioning to Phase IT while patients in Group 2 must be painfree with
walking for 7 to 10 days before transitioning to Phase II.

Phase II: Transition/Cross-training (Duration: 4-7 weeks)

Baseline: Patient is painfree in normal weight bearing activities and can
complete activities for daily living for 3 to 5 days painfree.

Suggested interventions include:

* Progress core/hip strengthening into weight bearing multi-planar
activities

* Monitor impact with running

* Low impact cross-training (cycling, pool running, swimming, upper
extremity ergometry)

e Phase II guidelines:

* Cardiovascular training (cross-training or jogging) every other day
with strength exercises (sidelying hip abductors, etc.) on off days.
A cycle consists of a two week progression (increasing jog time) and
one week regression (decreasing jog time).
Unlimited UE activity is allowed for cardiovascular health.
Total daily cardiovascular training time (cross training time + jogging
time) will be 30 minutes each day.
Jogging time is recommended approximately halfway into the
cardiovascular training time.
If any pain is present, regress protocol by one week.

Group 1 (one cycle)

Group 2 (two cycles)

Cross-train Jogging time Cross-train Jogging time
time (mins) (mins) time (mins) (mins)
Week 1 20, 25, 30 0,0,0 Week 1 20, 20, 25 0,0,0
Week 2 29,27, 25 1,3,5 Week 2 25, 30, 29 0,0,1
Week 3 (rest) 30, 30, 28 0,0,2 Week 3 (rest) 30, 30, 30 0,0,0
Week 4 25,23, 20 5,7, 10 Week 4 29,27, 25 1,3,5
Week 5 25, 23,21 5,7,9
Week 6 (rest) 30, 28, 26 0,2, 4
Week 7 22,21, 20 8,9,10

If 10 minutes of jogging is painfree, progress to Phase III

(Continued on page 45)
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Appendix. Return to Running Protocol (Continued from page 44)

Phase III: Return to Running (Duration: 4+ weeks)

Baseline: Patient must be painfree with activities of daily living for 7 to Phase III Sample Protocol

10 days and can jog painfree for 10 minutes.
Cross-train time (mins) Jogging time (mins)
Suggested interventions include:
¢ Education: shock attenuation activities, biomechanics, training Week 1 15,10, 5 15, 20, 25
surfaces, gradual mileage increase.
* Biomechanics adjustments: decrease running speed by 1m/s and reduce Week 2 25, 30, 35
stride length by 10%.
* Maintain strength training and flexibility from previous phases. Week 3 (rest) 35, 30, 30
* Progress to painfree running.
¢ Continue training cycle of 2 week progression and 1 week regression. Week 4 35, 35, 40
* Workout days may progress from 3 to 4 days/week.
e Surface changes are introduced in week 4 if painfree. Week 5 If patient is painfree and is educated on gradual
e If any pain is present, regress protocol by one week. mileage progression, patient may progress

Group 1 and Group 2 begin Phase III with the same treatment individually from this point forward.

protocol and progression shown below.

REFERENCES

1. Van Gent RN, Siem D, van Middelkoop DC, Taunton JE, Lloyd-Smith DR, injuries in novice runners: A random-
M, van Os AG, Bierma-Zeinstra SM, Maclntyre JG. Stress fractures in ath- ized controlled trial. Am ] Sports Med.
Koes BW. Incidence and determinants of letes. A study of 320 cases. Am ] Sports 2008;36(1):33-39.
lower extremity running injuries in long Med. 1987;15(1):46-58. 17. Arendt E, Agel ], Heikes C, Griffiths H.
distance runners: A systematic review. Br 9. Macera CA, Pate RR, Powell KE, Stress injuries to bone in college athletes:
J Sports Med. 2007;41(8):469-480. Jackson KL, Kendrick JS, Craven TE. A retrospective review of experience at

2. Brent Edwards W, Taylor D, Rudolphi Predicting lower-extremity injuries a single institution. Am J Sports Med.
T]J, Gillette JC, Derrick TR. Effects among habitual runners. Arch Intern 2003;31(6):959-968.
of running speed on a probabilistic Med. 1989;149(11):2565-2568. 18. Reiman MP, Bolgla LA, Loudon JK.
stress fracture model. Clin Biomech. 10. Taube RR, Wadsworth TL, A literature review of studies evaluat-
2010;25(4):372-377. Johnson R]. Managing tibial ing gluteus maximus and gluteus

3.  Reeder MT, Dick BH, Atkins JK, Pribis stress fractures. Phys Sportsmed. medius activation during rehabilita-
AB, Martinez JM. Stress fractures. cur- 1993;21(4):123-126;129-130. tion exercises. Physiother Theory Pract.
rent concepts of diagnosis and treat- 11. Raasch WG, Hergan D]J. Treatment of 2012;28(4):257-268.
ment. Sports Med. 1996;22(3):198-212. stress fractures: The fundamentals. Clin 19 . Bleakley C, McDonough S, MacAuley

4.  Romani WA, Gieck JH, Perrin DH, Sports Med. 2006;25(1):29-30, vii. D. The use of ice in the treatment of
Saliba EN, Kahler DM. Mechanisms 12. Fredericson M. Common inju- acute soft-tissue injury: A systematic
and management of stress fractures in ries in runners. diagnosis, reha- review of randomized controlled trials.
physically active persons. J Athl Train. bilitation and prevention. Sports Med. Am ] Sports Med. 2004;32(1):251-261.
2002;37(3):306-314. 1996;21(1):49-72. 20. Hubbard TJ, Denegar CR. Does

5. Pohl MB, Mullineaux DR, Milner 13. Bennell K, Brukner P. Preventing and cryotherapy improve outcomes
CE, Hamill J, Davis IS. Biomechani- managing stress {ractures in athletes. with soft tissue injury? J Athl Train.
cal predictors of retrospective tibial Phys Ther Sport. 2005;6(4):171-180. 2004;13:278-279.
stress fractures in runners. J Biomech. 14. Edwards WB, Taylor D, Rudolphi T7J, 21. Podlog L, Dimmock J, Miller J. A
2008;41(6):1160-1165. Gillette JC, Derrick TR. Effects of stride review of return to sport concerns fol-

6. Wheeless CR. Tibial stress fractures. length and running mileage on a proba- lowing injury rehabilitation: Practitioner
Wheeless' Textbook of Orthopaedics. bilistic stress fracture model. Med Sci strategies for enhancing recovery out-
http://wheelessonline.com/ortho/tibal_ Sports Exerc. 2009;41(12):2177-2184. comes. Phys Ther Sport. 2011;12:36-42.
stress_fractures. Accessed November 30, 15. Liem BC, Truswell HJ, Harrast MA. 22. Owens DK, Lohr KN, Atkins D. Grad-
2014. Rehabilitation and return to running ing the strength of a body of evidence

7. Ballas MT, Tytko J, Cookson D. after lower limb stress fractures. Curr when comparing medical interven-
Common overuse running injuries: Sports Med Rep. 2013;12(3):200-207. tions. Agency for Healthcare Research and
Diagnosis and management. Am Fam 16 . Buist I, Bredeweg SW, van Mechelen W, Quality: Methods Guide for Comparative
Physician. 1997;55(7):2473-2484. Lemmink KA, Pepping GJ, Diercks RL. Effectiveness. Rockville, MD: Agency for

8. Matheson GO, Clement DB, McKenzie No effect of a graded training program Healthcare Research and Quality; 2009.

on the number of running-related

Orthopaedic Practice Vol. 27;1:15

45





