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Abstract

Tibial bone stress injuries (BSIs) are common among long-distance runners. They have a high recurrence rate, and complexity
emerges in the wider management and successful return to running. Following a tibial BSI, a critical component of complete
rehabilitation is the successful return to running, and there is a lack of consistency or strong evidence to guide this process.
The objectives of this review were to outline the criteria used in clinical decision-making prior to resuming running, and to
establish evidence-based guidelines for the return to running process following a tibial BSI. Electronic databases including
MEDLINE, CINAHL, Scopus, SPORTDiscus and AMED were searched for studies that stated criteria or provided guide-
lines on the objectives above. Fifty studies met the inclusion criteria and were included. Thirty-nine were reviews or clinical
commentaries, three were retrospective cohort studies, two were randomised controlled trials, two were pilot studies, one
was a prospective observational study, and three were case studies. Therefore, the recommendations that have been surmised
are based on level IV evidence. Decisions on when an athlete should return to running should be shared between clinicians,
coaches and the athlete. There are five important components to address prior to introducing running, which are: the reso-
lution of bony tenderness, pain-free walking, evidence of radiological healing in high-risk BSIs, strength, functional and
loading tests, and the identification of contributing factors. Effective return to running planning should address the athlete’s
risk profile and manage the risk by balancing the athlete’s interests and reinjury prevention. An individualised graduated
return to running programme should be initiated, often starting with walk-run intervals, progressing running distance ahead
of speed and intensity, with symptom provocation a key consideration. Contributing factors to the initial injury should be
addressed throughout the return to run process.

Key Points

The decision on when to start the return to running
process following a tibial bone stress injury (BSI) should
be purposeful and based on defined criteria.

The return-to-run process following a tibial BSI needs
to be individualised, and based on multiple factors
including the severity of injury and experience of the
runner. While widely cited, the 10% rule of graduated
loading is not generalisable to all runners.
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1 Introduction

Bone stress injuries (BSIs) predominantly occur in physi-
cally active individuals, and are fundamentally due to an
inability of normal bone to withstand repetitive loading [1].
There is a growing consensus BSIs occur due to an accu-
mulation of load-induced microdamage that exceeds bone
remodelling [2]. BSI is a holistic term that encompasses
low-grade stress reactions through to fractures of the bone
[3].

Up to 95% of BSIs in athletes occur in the lower extremi-
ties, with the tibia the most common location [4-10]. Lower
extremity BSIs are common among distance runners due
to the repetitive loading of the sport, with an annual inci-
dence of as high as 21.1% found in track and field athletes
and more than one-third of female cross-country and long-
distance runners experiencing lower extremity BSIs [11, 12].
A systematic review of BSI incidence in military and athletic
populations reported an overall incidence of 9.7% in female
athletes and 6.5% in male athletes [13]. Tenforde et al. [10]
found that tibial BSIs were the most common overuse injury
sustained among competitive high school runners (lifetime
prevalence of 41% of females and 34% of males). Addi-
tionally, BSIs have one of the highest recurrence rates of
all running-related injuries [8, 14, 15]. Prior BSI has been
shown to increase the recurrence rate sixfold in females and
sevenfold in males [14].

Low energy availability (LEA), or more specifically
Relative Energy Deficiency in Sport (REDs), is another
intrinsic risk factor [16]. REDs expands on the Female
Athlete Triad and recognises that both females and males
can be affected. REDs refers to the physiological and
psychological consequences as a result of the mismatch
between energy intake and energy expenditure [17]. LEA
contributes to impaired bone health and risk of BSIs, and
commonly affects runners [18-20]. Amenorrhea and low
testosterone, indicating chronic energy conservation, were
found in 37% and 40% of elite female and male distance
runners, respectively, and resulted in 4.5-fold higher rates
of bone injuries than in runners with normal menstruation
or testosterone levels [21].

Tibial BSIs can be classified based on grade of injury as
well as risk of location. Several MRI BSI grading scales have
been proposed, mostly grading injuries from 1-4 [22-24].
For most classification systems, the first three grades are
considered ‘stress reactions’, and when there is a visible
fracture line, the injury is considered a ‘stress fracture’, and
typically classified as grade 4 [22-25].

BSIs can also be clinically classified as ‘low-risk’ or
‘high-risk’ injuries by anatomic location, which will guide
treatment [ 1, 26-28]. In the tibia, the most common location
especially among runners is the posteromedial tibial shaft,

which is considered a low-risk injury. These typically heal
without major complications and gradual return to running
can be initiated earlier [1, 27]. In contrast, high-risk injuries
involving the anterior tibial cortex may require surgical fixa-
tion or prolonged non-weight bearing, have a higher compli-
cation risk, and will require a longer timeline for returning to
running [26]. Differences in grade of BSI or risk of location
will result in differing recovery times to the point of starting
the return to running process.

Tibial BSIs can result in disruption to activities of daily
living, lost training time, considerable financial burden in
elite athletes, and substantial reductions in cardiovascular
and muscular function [8, 29, 30]. Therefore, it is important
that management of these injuries is optimised. Following
a tibial BSI, a critical component of complete rehabilita-
tion is the successful return to running. However, there is a
lack of evidence-based guidelines regarding when the ath-
letes should begin this process and a lack of consistency or
strong evidence to guide the process of returning to run-
ning. Tibial BSIs are a unique injury, which is one of the
reasons why prevention and returning athletes to running
following injury is so complicated. While existing reviews
have explored the general concepts of BSI management [9,
13, 31-60], no criteria or guidelines have been established
regarding when it is safe for athletes to return to running
following a tibial BSI. The high recurrence rate among both
female and male athletes indicates this process needs to be
improved. Therefore it would be highly valuable to establish
evidence-based clinical guidelines for the process of return-
ing athletes to running and reduce the recurrence rates of
tibial BSIs in runners.

The specific aims of this scoping review are:

1. To outline the criteria used in clinical decision-making
prior to resuming running following a tibial bone stress
injury.

2. To establish evidence-based guidelines to support clini-
cians in the return to running process following a tibial
bone stress injury.

2 Methods

The methodological framework proposed by Arksey and
O’Malley [61] and the JBI Evidence Synthesis [62] were
followed for the design and reporting of this scoping review:
step 1, identify the research question; step 2, identify rele-
vant studies; step 3, study selection; step 4, charting the data;
and step 5, collating, summarising and reporting the results.

Initial literature searches revealed few papers specific
to returning to running following tibial BSIs, and as such
the search scope was widened to include lower extremity
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BSIs, and any return to running-based activities. Studies
included sources of information as recommended in the
manual ‘Methodology for JBI Scoping Reviews’ [62] that
provided guidelines for the process of returning to run-
ning-related activities or stated criteria prior to introduc-
ing running-related loads. Only full-text studies published
in English were included. Keywords and constructs (i.e.,
MeSH, Boolean phrases) used to execute each search were
developed from a preliminary search (Table 1), and the full
search strategies for all databases can be found in the Online
Supplementary Material (OSM) File 1. The reference lists
of included studies and the reference lists of key reviews
were also screened, and a forward citation-tracking Google
Scholar was conducted to identify any potentially relevant
studies that may have been missed in the database search
[50]. Studies were included if they outlined specific cri-
teria prior to the introduction of running-related loads, or
provided guidance on the process of returning to running-
related activities, following a tibial or lower extremity BSI
(Table 2).

The lead author (EG) screened titles and abstracts, and
EG and KS then independently screened the full-text articles
to determine the final study selection (Fig. 1). Any discrep-
ancies were resolved during a consensus meeting. A third
reviewer (DR) was available if needed, but was not required.
Data were extracted into a spreadsheet by EG, and inde-
pendently verified by KS. Disagreements were resolved via
consensus or discussion with DR. An inductive thematic
analysis was used to identify patterns, summarise consistent

findings across studies, and generate common themes [63].
Regular meetings were held to discuss and agree on emerg-
ing themes and interpretations.

3 Results

The initial search identified 1040 studies, of which 50 stud-
ies met the inclusion criteria (Fig. 1). Of these, 39 were
reviews or clinical commentaries, three were retrospective
cohort studies, two were randomised controlled trials, two
were pilot studies, one was a prospective observational
study, and three were case studies. The variation in the qual-
ity of these studies further justified that a scoping review
was appropriate rather than a systematic review. Of the 50
studies, 48 provided criteria prior to introducing running-
related loads, and four themes of criteria were identified. All
studies provided guidance on the return-to-run process, and
three themes were identified.

3.1 Return-to-Run Criteria
3.1.1 Symptom Resolution

All studies that identified criteria indicated that the athlete
must first be pain-free, and their symptoms resolved with
ambulation and activities of daily living for a period ranging
from 2-28 days prior to the introduction of running-related
loads [2, 5, 22, 26, 27, 33, 34, 36, 38, 41, 43, 45, 49, 52-55,

Table 1 Scoping review search
terms

Search 1

Search 2

"Bon* Stress Injur*" OR "Stress fracture*" OR "Stress reaction™"

"lower extremit*" OR "lower limb*" OR leg* OR knee OR tibia*

(return*®) n3 (sport* OR play OR training OR activit*)

"Bon* Stress Injur*"
OR "Stress frac-
ture*" OR "Stress
reaction*"

"lower extremit*" OR
"lower limb*" OR
leg* OR knee OR
tibia*

(Run*)

Table 2 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Human participants
Tibial or general lower extremity bone stress injuries

Describes the activities, process, or criteria prior to beginning the process of returning

or running-related activities

Specific detail of bone stress injury management

Animal models or cadavers

Upper extremity or spinal bone stress injuries, or
specific lower extremity bone stress injuries other
than the tibia

No description of the return to running-related activi-
ties, process, or criteria prior to beginning running-
related activities

No specific mention of bone stress injury management
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Fig.1 Preferred Reporting
Items for Systematic reviews
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64-88] (Table 3). Thirty percent of reviewed studies recom-
mended a certain walking distance or duration ranging from
1 mile to 45 min as presented in Table 3 [2, 33, 54, 65, 66,
68, 70-72, 76, 81, 85, 89, 90]. Two reviewed studies recom-
mended completing this walking distance three times [72,
85]; however, the number of repetitions was not specified in
any other studies.

Forty percent of reviewed studies stated that bony ten-
derness should have resolved before introducing running-
related loads [2, 34, 41, 43, 55, 68-72, 74, 77-83, 86]. Three
studies, which were either clinical commentaries or reviews,
specified this should be for at least 1 week [36, 52, 73],
while a randomised controlled trial (RCT) and case series
presented contrasting recommendations, indicating that per-
sistent localised tenderness did not influence initiation or
completion of the running progression with participants [5,
54].

3.1.2 Radiology

Differing recommendations were provided regarding the
requirement for radiologic healing prior to introducing
running-related loads (Table 3). Ninety-one percent of
studies either did not state imaging as a criterion prior to

introducing running, or specified that evidence of radiologi-
cal healing was not required prior to introducing running-
related loads when dealing with low-risk BSI locations, due
to the lack of consistency between clinical and radiological
healing and the limited sensitivity of radiographs [5, 27, 33,
34, 68, 70, 72, 82, 84, 89]. In the case of a high-risk BSI,
such as anterior tibial cortex BSI, 23% of studies specified
imaging as important to confirm healing and prevent compli-
cations such as progression to full fracture before the athlete
returns to running [26, 36, 45, 52, 68, 70, 72, 77,79, 84, 88].
The studies providing recommendations on the inclusion of
imaging were all either clinical commentaries, reviews or
case studies.

3.1.3 Strength, Functional and Loading Tests

Thirty-three percent of studies indicated lower extremity
functional movements should be assessed prior to intro-
ducing running-related loads [2, 22, 36, 38, 52, 54, 65,
66,73, 74,76, 77, 86, 87, 89, 91] (Table 3). Only a small
number of specific movements were recommended, with
a single leg hop (SLH) test to indicate preparedness for
return to running-related activities reported by only 8%
of studies [35, 54, 65, 66]. An RCT by Swenson et al. [54]
reported that the SLH test was strongly correlated with
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Table 3 Return-to-run criteria themes

Recommendation Detail References
Resolution of bony local tenderness [2, 34, 41, 43, 55, 68-72, 74, 77-83, 86]
For 1 week [36, 52, 73]
Not required [5, 54]
Pain-free with ambulation and [26, 27, 33, 38, 55, 67-72, 75-81, 84, 88]
activities of daily living 2-day pain-free duration [66]

3- to 5-day pain-free duration

10- to 14-day pain-free duration

[2,22, 54, 64, 65, 91]
[5,34, 36,41, 43, 45,49, 52, 53,73, 74, 85, 86]

3-4 weeks [87]
Pain-free walking 30 min [2, 65, 85]
45 min [89]
2 %20 min [90] (pain less than 3 on visual analogue scale)
1 mile [54, 66]
1.5 miles [72]
3% weekly [72, 85]
Evidence of radiological healing Not necessary for low-risk locations (posteromedial [5, 27, 33, 34, 36, 45, 52, 68, 70, 72, 77, 82, 84, 89]
tibial)
Only necessary in high-risk locations (anterior tibial [26, 36, 45, 52, 68, 70, 72, 77, 79, 84, 88]
cortex)
Necessary [53, 80, 86, 87]
Referral for imaging if return of symptoms [43]
Functional movements assessed Yes [2,22,38,52,73, 74,76, 77, 86, 87, 89, 91]
Hop [36, 54, 65, 66]

Single leg squat
Lower extremity strength assessed ~ Yes
75-85%strength

Contributing factors Nutritional factors

Menstrual health/Relative Energy Deficiency in

Sport
Footwear

Training errors

Psychological factors
Biomechanical factors

(2]
[2,22,53,73,77, 80, 89, 92]
[41]

[2, 16, 26, 27, 33, 34, 36, 38, 43, 45, 49, 52, 53, 55,
64, 65, 68-70, 72-74, 76-80, 82, 84, 86, 87, 93]
[2,22, 26,27, 33,34, 36, 38, 45, 49, 52, 53, 55, 64,

65, 67-70, 72-74, 76-80, 82, 84, 86, 89, 93]
[2,5,26,27, 33,34, 38, 43, 45, 49, 53, 55, 64, 65,
68-70, 73,74, 76,717, 19-81, 84-87, 93]
[2,5,22,26,27,33, 34, 38,43, 45, 49, 53, 55,
64, 65, 68-70, 72-74, 76-78, 80, 81, 84, 87, 89,
91-93]
[16, 73, 79]
[2, 5,16, 26, 27, 33, 34, 36, 38, 41, 43, 45, 52, 53,
55, 64, 65, 67-81, 83-87, 89, 91-94]

functional progression, and was the most sensitive test for
predicting the return to unrestricted pain-free activity [54].
The remainder of the studies were clinical commentaries
or reviews. Nine studies indicated lower extremity strength
should be assessed and addressed prior to introducing
running-related loads [2, 22, 41, 53, 73, 77, 80, 89, 92].
Harmon et al. [41] specified 75-80% of lower extremity
strength of the injured compared to the non-injured side
should be achieved prior to introducing running-related
loads.

3.1.4 Addressing Contributing Factors

All studies that stated return to running criteria agreed that
a key component of management is to identify and address
contributing factors involved in the initial development of
the BSI [2, 5, 16, 22, 26, 27, 33, 34, 36, 38, 41, 43, 45,
49, 52, 53, 55, 64, 65, 67-89, 91-93]. These factors will
be individual to the athlete, but important factors identified
included menstrual health, nutritional deficiencies, energy
availability, running biomechanics, muscle strength and
flexibility deficits, mechanical loading issues (commonly
referred to as ‘training errors’) and footwear to prevent the
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risk of recurrence (Table 3). Sixty percent of studies identi-
fied the importance of assessing REDs risk and menstrual
health when treating a female athlete [2, 26, 27, 33, 34, 36,
38, 45,49, 52, 53, 55, 64, 65, 67-70, 72-74, 7680, 84, 86,
93]. It is indicated that these contributing factors should be
addressed prior to a return to full training.

3.2 Return-to-Running Process
3.2.1 Graduated Running Progression

The athlete’s goals and previous running level should guide
the return to running process [33, 34, 41, 68, 73, 74, 81,
85]. A walk-run progression, gradually substituting walk-
ing with increasing time increments of running, was recom-
mended by 26% of reviewed studies that provided guidance
on return to running [2, 33, 54, 64, 66, 68, 70-72, 77, 85,
89, 90]. Two RCTs and one pilot study presented walk-run
programmes and the rest of these recommendations were
from review studies or clinical commentaries. The length of
running increments ranged from 100 to 5 min, and the pro-
gression of these increments ranged from 100 to 5 min (see
Table 3). The initial speed of these running increments will
be dependent on the pre-injury level of the runner, but 46%
of studies recommended beginning at a slower pace, with
specific recommendations presented in Table 3 [2, 33, 36,
38,43, 45, 52, 54, 64-66, 68, 70-73, 77, 83, 85, 89, 90, 92].

Of the studies that stated a frequency of initial runs, 42%
recommended starting with alternate days [2, 5, 22, 36,
45, 52, 53, 55, 64, 65, 72-74, 76, 81, 83, 85, 87, 90-92],
with several studies specifying this should be maintained
for times ranging from 2 [36, 73, 74] to 4 weeks [2, 64]
(Table 3). Other studies indicated the athlete could start at
an increased frequency depending on symptoms [33, 54, 66,
68, 70,71, 89].

Progressively increasing running distance by 10% per
week, commonly referred to as ‘the 10% rule’, is a common
recommendation to prevent injury during normal training
[72, 80], but is also widely cited as a method of returning to
running following a lower extremity BSI [34, 38, 41, 43, 45,
55, 56, 65,77,78, 81, 83, 86, 93] (Table 3). A small number
of these clinical commentaries or reviews highlighted that
this approach is not generalisable, and individual runners
may tolerate different rates of progression [2, 41, 85], but
provided no more specific guidance. Pain or symptom provo-
cation were the main indicators used in the reviewed studies
to guide the progression through the return-to-running pro-
cess following a tibial BSI [2, 5, 16, 22, 33, 36, 38, 41, 43,
45, 53, 54, 64-66, 68, 70-72, 74-78, 80-82, 84-93], with
several studies specifying the importance of being pain-free,
both during and following activity [2, 45, 65, 78]. If symp-
toms were provoked at the injury site whilst running, it was
recommended that athletes rest until symptoms resolved, and

then resume at a lower level [2, 16, 22, 33, 41, 64, 68, 70-72,
74,76, 77, 86, 89-91, 93].

It is widely cited that distance should be progressed prior
to increasing speed when returning to running following
a tibial or lower extremity BSI [2, 16, 33, 34, 45, 54, 64,
65, 68, 70, 71, 73, 74, 81, 85, 89, 90] (Table 3), with 11
studies suggesting a specific running distance that should
be achieved before speed changes, ranging from 1 mile to
45 min [2, 33, 54, 64, 66, 68, 70, 71, 74, 89, 90]. Similar to
the progression of distance, five studies suggested ‘the 10%
rule’ as a guideline to progress running speed [2, 38, 43, 77,
86]. Other recommendations regarding the progression of
speed are presented in Table 3.

3.2.2 Running Surface

While a number of studies provided specific recommenda-
tions to initiate running on either a treadmill [33, 34, 68, 70,
71, 89, 93] or a running track [54, 66, 90], there were con-
flicting recommendations regarding return to running and
surfaces (Table 3). Other recommendations included starting
on a level surface or limiting hills during recovery [2, 38, 43,
52,67,73,77], and avoiding hard [2, 36, 52, 55, 64, 73, 74,
76, 79, 80, 82, 84, 85, 93] or uneven [2, 38, 67, 76, 77, 80,
82] surfaces. Some studies suggested avoiding multiple ter-
rains during the initial recovery [2, 43, 64, 85], while others
recommended varying terrain once back to normal training
[16, 38, 64, 67, 89]. Two RCTs and one pilot study recom-
mended introducing running-related loads on the running
track. The remainder of studies providing recommendations
were review studies or clinical commentaries.

3.2.3 Biomechanics and Strength Training

An important component of the return-to-running process
recognised by 62% of reviewed studies was to address lower
extremity biomechanical abnormalities thought to contribute
to the initial injury [2, 16, 22, 33, 34, 36, 38, 41, 43, 45, 49,
52,53, 64, 65, 67-70, 72-78, 81, 84, 87, 89, 911].
Furthermore, muscle strengthening was identified as
important by 74% of studies to correct muscle imbalances
and improve biomechanics following a tibial BSI [2, 5, 16,
22,33, 34, 38,41, 43, 45, 52, 53, 55, 64, 65, 67-73, 76-81,
83-87, 89, 91-93]. Strengthening of local muscles including
the calf and tibialis anterior [2, 5, 33, 38, 43, 45, 52, 55, 64,
65, 71,717, 85, 93], as well as proximal strength, including
the core and pelvic muscles [2, 43, 45, 64, 65, 77, 80, 81],
were recommended (Table 3). Eleven studies acknowledged
the importance of progressing to plyometric strengthening
and including running drills in this process [33, 41, 45, 64,
65, 68, 70, 81, 85, 89]. It was suggested that these recom-
mendations were more specific once athletes could sprint
[33, 68, 70, 89] or squat one and a half times their body
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weight [85]. Lastly, 28% of studies identified addressing
muscle flexibility as an important component [5, 33, 34, 38,
43,45, 53, 55, 64, 67,77, 80, 86, 94], in particular calf and
hamstring flexibility in the case of a tibial BSI. The majority
of the studies providing recommendations on biomechanics
and muscle strengthening were clinical commentaries, case
studies or reviews (Table 4).

4 Discussion

The main objectives of this scoping review were to summa-
rise and make recommendations regarding firstly the return
to running criteria currently used to safely return athletes to
running, and secondly the guidelines for the process of
returning athletes to running following a tibial BSI. With
regard to the running criteria, five important components
have been identified to address prior to returning athletes to
running. These include the resolution of local bony tender-
ness, pain-free walking, evidence of radiological healing
only in the case of a high-risk BSI, assessment of strength,
functional and loading movements, and identification of
contributing factors. There are then four important con-
siderations in the return-to-running process. These include
walk-run progression, progression of running load, running
surface, and addressing biomechanical and strength factors.

4.1 Return-to-Run Criteria
4.1.1 Resolution of Localised Tibial Tenderness

Tibial tenderness should be assessed by a medical profes-
sional, and then monitored by the athlete during daily activi-
ties, ambulation and rehabilitation [2, 34, 43, 68-70, 72,
74, 77, 86]. Localised tibial tenderness has been found to
correlate with more involved marrow and cortical abnor-
malities findings on MRI [23], and therefore once bony ten-
derness has resolved a significant degree of healing should
have occurred. There was no consensus between scoping
review studies on whether complete resolution of bony ten-
derness is required. A number of reviews have suggested that
resolution of bony tenderness is required prior to introduc-
ing running-related loads [2, 34, 36, 41, 43, 52, 55, 68-74,
78-83, 86]; however, there is a lack of scientific evidence to
support these statements. Conversely, an RCT and a large
case series reported that persistent localised tibial tender-
ness did not influence initiation or successful completion
of the functional progression among their participants [5,
54]. Those who began the return-to-run process with bony
tenderness still successfully completed the functional pro-
gressions [54]. Therefore, waiting for complete resolution
of bony tenderness may unnecessarily prolong the return to
running process following a low-risk tibial BSI. Following

a low-risk BSI, a logical approach may be to assess bony
tenderness and monitor for any increases throughout the
process of increasing running load. Ensuring complete reso-
lution of bony tenderness prior to returning to running is,
however, an important criterion following a high-risk tibial
BSI, considering the major risk of complications such as
non-union.

4.1.2 Pain-Free Walking

The second step is to ensure athletes progress their walk-
ing tolerance prior to initiating running. There is consensus
from all studies that the athlete should be pain-free with
walking. This is a logical criterion, as bone pain generally
indicates mechanical or chemical irritation and overload
of the bone [2, 23, 37, 96]. Walking between 1 mile and
45 min has been suggested by a number of studies [2, 33,
54, 64, 66, 68, 70, 71, 74, 89, 90]; however, there is a lack
of evidence to support this, and minimal guidelines have
been provided on the frequency of walks. A similar criterion
of increasing walking to 60-90 min daily for 3 weeks has
been suggested following a sacral stress fracture in a female
runner [97]. Tibial stress has been shown to significantly
increase during running compared with walking, more so
in females, highlighting the need to gradually expose bone
to load to ensure bone adaptation and prepare for running-
related loads and re-conditioning of other structures, such as
muscles, tendons, and other connective tissues, especially if
there has been a prolonged period of deloading [98]. Clini-
cally increasing pain-free walking tolerance makes sense to
ensure positive bone adaption; however, further evidence
and clarification on this point is required and specific walk-
ing distances should be individualised based on the runner.

4.1.3 Evidence of Radiological Healing

The results of this scoping review indicate that evidence
of radiological healing is not required except in the case
of a high-risk BSI, such as one involving the anterior tibial
cortex. It is well established that early presentation and low-
grade BSIs are often missed on plain radiographs, and find-
ings on imaging often lag behind clinical healing [6, 24, 44,
99-101]. Wright et al. [101] carried out a systematic review
to determine the diagnostic accuracy of imaging modalities
used to diagnose lower extremity stress fractures. The find-
ings indicated that radiographs are limited by low sensitivity,
particularly in the early stages of stress fracture, and in some
cases may not reveal an existing stress fracture at any time.
Therefore clinical, as opposed to radiological, signs of heal-
ing should guide the decision to introduce running-related
loads in low-risk BSIs, such as posteromedial tibial BSIs.
However, in the case of an anterior tibial cortex BSI,
imaging to confirm complete healing prior to returning to
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Table 4 Return-to-run process themes

Component of process

Recommendation

Detail

References

Introduction of running load
(time/distance)

Walk-run

Gradual progression

Alternate days

Rest days included

Daily depending on symptoms
10% progression

15-20% progression
Progression guided by pain

Progression guided by goals and
previous running level

Progression guided by whether
location is low-risk (posterome-
dial) or high-risk (anterior tibial
cortex)

Progression guided by grade/sever-
ity of injury

Start with 30-s running increments

Start with 100-m running incre-
ments

Start with 1-min running intervals

Start with 400-m running incre-
ments

Start with 5-min running incre-
ments

Progress running increments by
1-2 min

Progress running increments by
100-400 m

Progress running increments by
5 min

Progress total distance but keep the
same running increments length

For first 4 weeks
For first 2 weeks
During progression

During normal training

As part of usual training/for injury
prevention

Acknowledges lack of evidence

Not generalisable, runners may

tolerate different rates of progres-
sion

If pain rest and resume at a lower
level

If pain less than 3/10 at rest and
resume at lower level

Specify the athlete should be pain-
free during and following

[2, 33, 54, 64, 66, 68, 70-72, 77, 81,
85, 89, 90]

[81]
[54, 85, 90]

[2, 64, 72]
[66]

[33, 68,70, 71, 74, 89]

[2, 64, 72]

[54, 66]

[33, 68,70, 71, 74, 89]

[85, 90]

[5, 16, 26,27, 36, 43, 49, 52, 67, 69,
73,75,76,79, 80, 84, 92, 93]

[5,22,45,52, 53,55, 65,72,76, 81,
83, 85, 87, 90-92]

[2, 64]

[36, 73, 74]

[67,77, 84]

[26, 27]

[33, 54, 66, 68, 70, 71, 89]

[34, 38, 41, 43, 45, 55, 56, 65, 77,
78, 81, 83, 86, 93]

[72, 80]

[56, 78, 81]
[2, 41, 85]

(85]
[5, 36, 38, 43, 52, 53, 55,71, 74,75,
80-85, 87, 88, 92]

[2, 16, 22, 33, 41, 54, 64-66, 68, 70,
72,176,717, 86, 89, 91, 93]

[90]

[2, 45, 65, 78]

[22, 26, 27, 33, 34, 41, 49, 68, 70,
73,74, 81, 82, 85, 86, 89, 91]

[2,26, 27,33, 34, 36, 41, 45, 52, 53,
65, 69, 71-74, 7679, 82, 84, 93]

[2, 16, 22, 33, 34, 43, 52, 64, 65, 70,
73,717,179, 81, 82, 84, 86, 90, 91]
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Table 4 (continued)

Component of process Recommendation Detail

References

Running speed Start 30-50% usual pace

Start at a slower pace

Pace reduced by 1 m/s
Progression of speed Progress from jogging to running

Progress from walk-jog to jog-run

Increase intensity by 10% weekly

Progress to half pace strides then
gradually progress to full pace
striding

Increase distance prior to speed

Criteria prior to speed changes 45 min
40 min

6 track laps walk/6 laps jogging
(1.5 miles total)

30 min
1 mile

Temporarily reduce running vol-
ume when increasing speed

Hold distance steady when increas-
ing speed
Running surface Start on level asphalt
Start on running track
Track may increase strain
Start on treadmill
Start on level surface
Start on moderate firmness surface
Hard surfaces risk factor/ avoid

Start on softer surfaces initially
Hills can increase strain/risk
Irregular/uneven/soft surfaces can increase strain/risk
Limit multiple terrains initially
Vary terrain once back to normal
training
Biomechanics Address lower extremity biome-
chanics

Gait retraining

Reduce stride length/ increase
cadence

To reduce vertical loading rates
Modify initial foot contact

Risk factors Excessively supinated or pronated
feet

Reduced dorsiflexion range

Increased peak hip adduction angle

Increased rear foot eversion angle

Increased vertical loading rates

Increased rearfoot striking
Orthotics

[2, 36, 38, 43, 45, 52, 65, 73, 77]

[16, 33, 54, 66, 68, 70-72, 83, 85,
89, 90, 92]

[64]

[41, 69]

[54, 90]

[2,38,43,77, 86]

[33, 68, 70, 89]

[2, 16, 33, 34, 45, 54, 64, 65, 68, 70,
71,73,74, 81, 85, 89, 90]

[33, 68,70, 71, 74, 89]
[64]
[90]

[2]
[54, 66]
[65, 90]

[2, 33, 54, 68, 70, 89]

[67]

[54, 66, 90]

[73]

[33, 34, 68,70, 71, 89, 93]
[38,52,67,77]

[38]

[2,36,52,55,64,73,74,76, 79, 80,
82, 84, 85, 93]

[74]

[2,38,43,73]

[2,38, 67,76, 77, 80, 82]
[2, 43, 64, 85]

[16, 38, 64, 67, 89]

[16, 22, 26, 33, 34, 38, 53, 55, 67,
68,70, 79, 81, 84, 87, 89, 91]

[2, 36, 41,43, 45, 64, 65, 67,74, 76,
77,79, 81, 91]

[2, 64,65, 77]

[2,45]
[2]
[5, 33, 34, 36, 52, 68, 70, 73, 75, 76]

(34, 73]
(36, 43, 52, 74, 78]
(34, 36, 43, 52, 74, 78]
(36, 45, 52, 74]

(36, 45]

[41, 65,71, 90, 95]
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Table 4 (continued)

Component of process Recommendation Detail References
Strengthening Include strengthening [2,5, 16,22, 33,34, 38, 41, 43, 53,
55, 65, 67-73, 76, 78-81, 83, 84,
86, 88, 89, 91-93]
Calf strength [2,5, 33, 43, 45, 52, 55, 64, 65, 71,
77, 85, 93]
Hip strength [2, 45, 64, 65]
Dorsiflexor/ intrinsic foot muscle [2, 38]
strengthening
Core strengthening [2, 43, 45, 80, 88]
Include balance [43, 85]
Plyometrics/running drills [33, 41, 45, 64, 65, 68, 70, 81, 85,
88, 89]
Include 3 X weekly [65]
Introduce once athlete can squat [85]
1.5 times body weight
Introduce once able to fully sprint  [33, 68, 70, 89]
Flexibility Include flexibility [5, 38, 43, 55, 64, 67, 77, 80, 86, 94]

Calf stretching
Hamstringstretching

[33, 34, 38, 45, 55, 64, 67]
[64, 94]

running is important. This is in line with other BSI manage-
ment recommendations discussing low-risk and high-risk
BSIs, as there is an elevated risk of complications at high-
risk locations including fracture progression, refracture,
delayed union and non-union [6, 28].

4.1.4 Assessment of Lower Extremity Strength
and Functional Pain Provocation Loading Tests

The initial phase prior to returning to running can be uti-
lised to strengthen local and proximal muscles. Only a rela-
tively small number of studies specified assessing lower
extremity strength prior to introducing running-related
loads, with one study recommending achieving 75-80%
lower extremity strength symmetry [41]. However, almost
all reviewed studies recommended addressing biome-
chanical abnormalities and muscle imbalances thought to
contribute to the initial injury. This is likely an important
component as reduced muscle mass and strength have been
identified as risk factors for tibial BSIs [11, 12, 95, 102,
103]. However, further research is required to identify spe-
cific strength criteria prior to returning to running following
a tibial BSI.

Functional tests replicating some of the physical require-
ments of running may determine whether the athlete is
ready to return to running. Although only one-third of
studies indicated functional movements should be assessed,
almost all reviewed studies recommended addressing

biomechanical abnormalities and muscle imbalances
thought to contribute to the initial injury. The SLH test
replicates the loading and unloading components of run-
ning, and could assess the capacity of the tibia to withstand
stress and readiness to return to running in conjunction with
other components of the clinical examination [104, 105].
The SLH test is cited as a highly sensitive test for predicting
the return to unrestricted pain-free activity, and is strongly
correlated with functional progression following a tibial
BSI in both female and male runners [54]. Similarly the
SLH test has been used following femoral and sacral stress
fractures to guide progression through the rehabilitation
process [42, 106].

The 2016 Return to Sport Consensus Statement recom-
mends that a battery of tests are used to mimic the demands
of the sport when making a decision regarding return to
sport [31]. Therefore based on the scoping review findings,
along with other lower extremity BSI case studies and the
Return to Sport Consensus Statement recommendations,
clinicians could consider a battery of strength, functional
and loading tests prior to introducing running-related loads.
Assessments could include the SLH test, lower extremity
strength evaluated by isometric assessments, and lower
extremity biomechanical assessments. However, further
research on functional tests required prior to returning to
running is needed in athletes following a tibial BSI before
clear guidelines can be provided.
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4.1.5 ldentification of Contributing Factors

The need to identify and address contributing factors such
as menstrual health, REDs, nutritional factors, biome-
chanical factors, mechanical loading issues and footwear
was acknowledged by reviewed studies. It is beyond the
scope of this review to systematically review these risk
factors, but these recommendations are in line with the
intrinsic and extrinsic risk factors identified by Abbott
et al. [8], as well as other reviews in this area [103, 107,
108].

Fundamentally all overuse injuries in runners are
linked to mechanical loading issues [2, 73, 109, 110]. As
such it is important that these are not repeated during the
return to running process, or when full training eventu-
ally resumes. Alongside mechanical loading issues, it is
particularly important that athletes are screened for REDs
to optimise return-to-run outcomes, and to prevent long-
term health consequences. REDs has a well-established
effect on bone health and menstrual function in female
athletes [20]. REDs and LEA should be screened for using
the Low Energy Availability in Females Questionnaire
(LEAF-Q), which has been validated in female athletes
to classify energy availability [111]. Two risk-assessment
tools have been introduced by the Triad Coalition and the
International Olympic Committee (IOC) [17, 112, 113]
to aid the clinical decision-making process, including
regarding returning to sport, based on the level of risk.
The Female Athlete Triad Coalition cumulative risk assess-
ment tool identifies an athlete as of low, moderate or high
risk for developing the Triad or REDs, and screens for
factors that have been established in the literature to con-
tribute to low bone mineral density and increased risk of
BSIs [112]. This risk-scoring system has been shown to
be predictive of BSIs, with female athletes classified as
moderate or high risk having a 2.6- and 3.8-fold increased
risk for BSI compared with athletes classified in the low-
risk category [114]. The IOC REDs clinical assessment
tool classifies athletes into low-, moderate- and high-risk
categories depending on subjective and objective exami-
nation, particularly regarding the presence and causes of
LEA, and aids return to sport decision-making [17]. It has
not yet been validated for clearance to return to sport, and
additional research is required to determine the tool’s pre-
dictive ability [115]. Therefore at this stage, the Female
Athlete Triad Coalition cumulative risk assessment tool
should be used in return-to-sport decision-making. How-
ever, future research would be beneficial to provide one
updated and improved risk assessment scoring tool that
can be utilised in both males and females to aid return to
sport decision-making.

The many contributing factors associated with tibial BSIs
highlight the importance of a multi-disciplinary approach

to the return-to-running process including the involvement
of registered dietitians, physiotherapy guidance, podiatry
assessment, physiological assessment by a trained sports
medicine physician, and possible referral for mental health
counselling where applicable.

4.2 Return-to-Run Process
4.2.1 Consideration 1: Walk-Run Progression

The initial introduction of running-related loads following a
tibial BSI should be achieved through the progressive appli-
cation of load to promote tissue adaption, whilst preventing
injury reoccurrence. Typically, this is achieved via a walk-
run progression on alternate days, gradually substituting
walking with increasing time increments of running at a
slower pace [2, 64, 90]. Several studies [33, 68, 70, 71, 8§9]
all provide the same walk-run progression with no further
evidence added since the initial proposition of this idea in
the study by Brukner et al. in 1997 [68]. The specific length
of running increments varied considerably among reviewed
studies, however, starting with 30- to 60-s increments, and
progressing by 1-2 min, or equivalent distance was sug-
gested by half of the studies. These recommendations were
based on expert opinion, and although three of the reviewed
studies started with 100- to 400-m running increments and
found participants made rehabilitative progress, the aim of
these studies was not necessarily to compare a walk-run pro-
gression to another approach for increasing running distance
[54, 66, 90]. Beginning with two 30- to 60-s running incre-
ments, interspersed with walking, has been recommended
in recent return to competitive distance running guidelines
[116]. As little as a few minutes of impact exercise will stim-
ulate bone formation; however, bone cells become desen-
sitised to prolonged mechanical stimulation [117]. Bone
is a living tissue that can fatigue quickly so incorporating
rest intervals to prevent bone fatigue is important [57, 110,
117-119]. Mechanical fatigue tests support that bone is bet-
ter able to withstand mechanical loads when applied over
shorter durations [110]. These points support the inclusion
of a walk-run progression consisting of short-duration run-
ning periods initially, such as 30-60 s, with adequate recov-
ery, such as 60 s, interspersed throughout.

Introducing running-related loads on alternate days, or at
a reduced frequency, also has a scientific basis, as periods of
relative rest enable the bone cells to regain mechanosensitiv-
ity to support further bone adaptation [108, 120]. After 24 h
of rest, 98% of bone mechanosensitivity returns [120]. Mus-
cular fatigue is thought to increase bone stress, and therefore
it is important to utilise rest breaks during return to running
[47, 121, 122]. It is important to repeat each level of the
walk-run program several times to allow the tibia to adapt to
the increasing loads. Females in particular have been shown
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to experience a greater increase in tibial stress when pro-
gressing from walking to running [98], as would be the case
when beginning a return-to-run program, indicating that
females may benefit from a slower progression initially. It
may be beneficial for females to spend longer at each step of
the walk-run progression or progress in smaller increments
to allow longer for the tibia to adapt to the increased stress.
Individualisation of this walk-run process is important and
should take into account the pre-injury training status of
the athlete and the severity of the injury. Further controlled
trials are required to assess the effect of different walk-run
progressions following a tibial BSI to make clear recom-
mendations. It is important that the influence of the different
walk-run progressions is assessed separately in males and
females.

There is evidence to suggest that increased running speed
can lead to significantly higher vertical tibial acceleration
[123], and increases internal tibial loads [124, 125]. Rice
et al. [125] found that peak posterior stress was 14% higher
during level running at 3.5 m/s than 2.5 m/s. Similarly,
Meardon et al. [98] found that increasing running speed
by 10-20% has resulted in up to 9% increased tibial com-
pression and tension, and up to 26% increased shear stress.
The greater magnitudes of tibial acceleration and stresses
at faster speeds may increase the risk of BSI. However,
it should be acknowledged that those experiencing high
impacts may not always develop injury.

4.2.2 Consideration 2: Progression of Load

Monitoring for the presence of pain, either during or fol-
lowing running, was consistently recommended to guide
running progressions. Any pain suggests that the BSI site
has been overloaded. If pain is present, then athletes should
rest until symptoms have resolved, then resume at a lower
level [2, 16, 22, 33, 41, 54, 64-66, 68, 70, 72, 76, 77, 86,
89, 91, 93]. Pain is a complex phenomenon,; it is not always
closely linked to musculoskeletal damage, and is mediated
by numerous individual factors [126]. More precise means
of monitoring patient response are needed, but at this point,
pain is the only metric available to guide progression of run-
ning load following a tibial BSI.

It is recommended that running distance should be pro-
gressed before speed following a tibial BSI, which is in
agreement with the six-phase Return to Running Programme
for Competitive Runners that also recommends running dis-
tance is built to 50% of pre-injury level, before increases in
speed are introduced [116]. Mechanical fatigue tests indicate
that BSI risk increases more rapidly with progressions in
running velocity than running distance [65, 108, 110].

While the ‘10% rule’ that guides the progression of run-
ning load in the return to running following a BSI is widely
cited [34, 38, 41, 43, 45, 55, 56, 65, 77, 78, 81, 83, 86,

93], the origins of this principle are unclear. The principle
appears to have originated as a progression of distance [83],
but has been extrapolated across different variable domains,
including time and intensity, still without supporting evi-
dence [2, 38, 43, 77, 86]. From an injury perspective, the
10% rule appears to have originated in the space of training
progression of mechanical load to prevent injury [127], and
has then been translated across to the return-to-sport domain
across various injuries [128, 129]. It would seem that this
principle is largely based on expert opinion, as there is no
empirical research providing validation. Buist et al. [130]
found no difference in running injury prevalence in novice
runners who followed a 10% average progression in weekly
running distance, compared to those whose weekly progres-
sion was greater than this. Specific running BSI studies cite
this principle as a methodology for progression of distance,
as well as time and intensity, following injury, yet there is
minimal evidence to support it as a guide for return to sport
in general, let alone from a BSI perspective. Further to this,
Nielsen et al. [131] found that tibial stress fractures were
not linked to the ‘10% rule’, instead proposing they may be
related to other training errors. As with many other injury-
and training-related variables, runners are likely to tolerate
the progression of distance, time and speed differently [108],
and based on this and the evidence available, the rate of
progression should be individualised and should take into
account the pre-injury training status and the severity of the
injury. Inadequate management of training parameters such
as distance, duration, frequency and intensity, as well as the
inter-relationship of these parameters, could contribute to
the high recurrence rate of tibial BSIs. While the major-
ity of the reviewed studies mentioned one or two of these
parameters, the evidence across them all is lacking, and
more empirical research is required to help guide progres-
sion of the return-to-running process following tibial BSIs
[132—-134]. Trials must assess males and females separately
to provide accurate recommendations for each sex.

The rate of progression should be individualised based
on risk and grade of the tibial BSI as well as the level of
the athlete, which is in agreement with a meta-analysis by
Hoenig et al. [28], and the return to competitive running
guidelines [116]. Females may benefit from a slower pro-
gression of running due to higher tibial bone stresses across
a range of running speeds, compared with males [98], and
due to females often having higher-grade BSIs [24]. Where
progressions are too fast, the risk of recurrence is ampli-
fied [116]. While this is generally not a factor with low-risk
locations (such as posteromedial tibial BSIs) or in recrea-
tional athletes, it is an important consideration for high-
risk locations (such as anterior tibial cortex BSIs) due to
the increased risk of complications, or in elite athletes who
are keen to return to sport as quickly as possible. Modifica-
tion of the return-to-running process for athletes following
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high-risk tibial BSIs will require a slower overall progres-
sion and delayed integration of speedwork or resumption of
the use of track spikes or racing flats. Rehabilitation should
also be modified according to MRI-based injury severity
if available, with a slower progression back to running for
higher grade BSIs [25].

4.2.3 Consideration 3: Running Surface

With regard to surface characteristics, a quarter of stud-
ies recommended starting on a treadmill [33, 34, 68, 70,
71, 89, 93] due to the more compliant surface, and several
other studies recommended avoiding hard surfaces [74, 80,
84, 85, 93]. Three studies provide supporting evidence for
this recommendation, reporting that running on a treadmill
resulted in a reduced peak tibial acceleration [135, 136] and
lower tibial in vivo strains and strain rates [137] compared
with running overground. Additionally, Milner et al. [135]
reported peak tibial acceleration was lower running on the
treadmill compared to grass. Conflictingly, some reviewed
studies provided example return to run programmes on a
running track [54, 66, 90], which is generally a hard surface.
These studies were RCTs and a pilot study, and therefore the
surface recommendation may simply have been to control
this, as opposed to a logical or even practical solution for
running.

There is conflicting evidence regarding the influence of
running surface on tibial acceleration and tibial BSI risk.
Harder running surfaces such as concrete have been shown
to result in higher tibial acceleration [123]. Significantly
lower vertical tibial acceleration has been shown during
running on the woodchip trail in comparison with a syn-
thetic running track and concrete, at least at some running
velocities [123]. However, Waite et al. [138] found higher
tibial acceleration on grass than concrete when running
on level ground, and further studies found no difference
in tibial acceleration between grass and sidewalk [135] or
between dirt, gravel and paved surfaces [139]. The relation-
ship between surface hardness and injury risk is complex
as some runners compensate for different running surfaces
by altering leg stiffness depending on the surface compli-
ance [140-142]. Potthast et al. [143] concluded that surface
compliance explained less than 10% of tibial acceleration
variance; instead, knee joint angle and muscle pre-activation
changes had greater effects on the severity of tibial accelera-
tion. This research has been completed in healthy individu-
als, and it is not BSI-specific. Therefore, at this point, the
influence of surfaces in the process of returning to running
post-injury is conflicting and unclear. There is a lack of evi-
dence for running on softer surfaces, which is a common
presumption and recommendation; therefore, at this stage,
this recommendation is unfounded.

In the initial stages post-injury, several reviewed studies
have recommended it may be beneficial to avoid hills [2, 38,
43, 73]. However, once again there is conflicting evidence
in the literature regarding the influence of surface incline
grade. Rice et al. [125] found that running uphill at 10% and
15% inclines resulted in greater tibial stress than level run-
ning; however, Waite et al. [138] reported no difference in
peak tibial acceleration between running on an incline grade
compared to a level grade. In regards to running downhill,
several studies found downhill surfaces to result in lower
tibial stresses than level or uphill running [125, 144]. How-
ever, Waite et al. [138] found a significant increase in peak
tibial acceleration on downbhill surfaces compared to uphill
surfaces. Further research is needed in both female and male
athletes following a tibial BSI to make clear recommenda-
tions regarding the influence of different running surfaces.

4.2.4 Consideration 4: Addressing Biomechanical
and Strength Factors

An important component of the return-to-running process
acknowledged by almost all of the reviewed studies was the
need to address biomechanical abnormalities and muscle
imbalances potentially contributing to the initial injury. A
recent systematic review and meta-analysis has concluded
that ground reaction force variables were not different in
runners with tibial BSIs compared to controls [145]. How-
ever, with regard to running gait parameters, there is some
evidence to suggest that greater peak hip adduction and
rearfoot eversion angles [48, 58, 146] may be associated
with the development of tibial BSIs in female runners.
Also, increased tibial accelerations have been shown in run-
ners with a history of tibial BSI [59, 147, 148]. Therefore,
screening for and, where appropriate, interventions aimed
at addressing these variables could be beneficial during the
return-to-running process. Running gait analysis and retrain-
ing were recommended by a number of reviewed studies [2,
36,41,43,45, 64, 65,67,74,76,77,79, 81, 91], and while
several potentially beneficial adjustments were suggested,
including reducing stride length or increasing cadence [2,
64, 65, 77] (Table 3) to reduce tibial stresses, it is beyond the
scope of this review to detail all potential solutions.
Reduced lower extremity muscle size and strength have
been shown to be associated with a higher risk of BSI[11,
12, 95, 102]. It is hypothesised that muscle provides a pro-
tective mechanism with respect to tibial BSIs by attenuat-
ing shock and reducing loads [108]. Additionally, resist-
ance training has shown positive effects on increasing the
strength through the shaft of a bone in females, where BSIs
are more likely to occur in runners [65, 149]. If muscu-
lar activity produces dynamic mechanical signals of sig-
nificant magnitudes and significant rates, it is hypothesised
osteogenesis will occur [150]; therefore, resistance training
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should be an important component of the return-to-running
process. Addressing core and proximal strength, as recom-
mended by reviewed studies, is also important to optimise
lower extremity biomechanics. Excessive hip adduction
during the running gait has been identified as a predictor of
tibial BSIs in female runners [146], indicating the poten-
tial need to address this in an individual with an increased
adduction moment. There is inconclusive evidence regard-
ing the effects of hip strengthening on kinematic variables,
but it may improve eccentric control and could be beneficial
in certain athletes [45, 151]. Cameron et al. [152] found
that female and male military cadets with greater than 5°
of internal knee rotation at 15%, 50% and 85% of the stance
phase of a jump-landing task experienced two to four times
higher stress fracture rates compared to those with neutral
or external knee rotation alignment. Similarly, male and
female military cadets with neutral or varus knee align-
ment also experienced incidence rates for stress fracture
that were 43-53% lower at initial contact, 50% and 85%
of stance phase during a jump-landing task compared to
those with greater than 5° of knee valgus. This indicates
that proximal strengthening to control these biomechani-
cal variables may be beneficial when treating athletes with
BSIs. Future research is required to assess the influence of
hip and proximal strengthening on BSI incidence, particu-
larly in female athletes.

Although only 21% of reviewed studies recommended
progressing to plyometric strengthening, there is evidence
from other related studies that running does not subject the
body to high enough impacts to produce osteogenic effects
[117]. Bilateral bone loss peaks around 12 weeks post-
injury, which often coincides with a progressive return to
activity [153]. There is a body of evidence from related
studies that would suggest the addition of plyometric train-
ing is an area that needs attention, both practically and from
a research perspective. High-impact training (defined as
loads greater than four times body weight) [154] such as
jumping or hopping can be highly osteogenic and energy
efficient, and therefore may be beneficial for improving
lower extremity bone mass during advanced stages of the
return-to-running process [149, 155, 156]. Structured exer-
cise programmes that combine high-impact loading with
resistance training are effective at significantly improving
bone mineral density at the lumbar spine and femoral neck
in premenopausal women [157]. For the tibia specifically,
zig-zag hopping, based on the high strain and strain rates
that it produces, may be an optimal tibial bone-strength-
ening exercise [158]. It is important that jumping focuses
on power as opposed to landing heavily, and only a few
repetitions should be included [149, 159]. Two to four short
exercise sessions per week (30 min/day or less) over at least
16 weeks are required to maintain or improve bone [155].
However, there is currently a lack of evidence suggesting

whether plyometrics help enhance bone properties in run-
ners with underlying LEA as LEA has been shown to sup-
press markers of bone formation in endurance athletes, in
particular female athletes [156]. Therefore, investigating the
addition of plyometric loading following tibial BSI is an
area of future research since bone may not adapt to applied
biomechanical loads if energy is not available.

4.3 Limitations

While evaluation of the risk of bias is not mandatory for
scoping reviews, 81% of studies included in this scoping
review were clinical commentaries or reviews, so will inher-
ently have a high risk of bias. Studies evaluating general
lower extremity BSIs were also included in this scoping
review due to the lack of studies assessing tibial BSIs. The
proposed continuum from medial tibial stress syndrome
(MTSS) into lower-grade bone stress reactions is still lack-
ing evidence, and MTSS is characterised by different bone
histology and clinical presentation than a BSI [160]. There-
fore, for the purpose of this review, we set the line at lower-
grade stress reactions (grade 1). For most classification
systems, the first three grades are considered ‘stress reac-
tions’, and when there is a visible fracture line, the injury
is considered a ‘stress fracture’, and typically classified as
grade 4 [22-25]. All included studies provided some guid-
ance in terms of criteria prior to introducing running-related
loads, or on the process of returning to running, following
a tibial or lower extremity BSI; however, no studies in this
review specifically compared return-to-running approaches.
This scoping review reported criteria and guidelines for the
return-to-run process based on what is recommended in
published research. Other innovative and potentially useful
tests and guidelines for the process of returning athletes to
running following a tibial BSI may be used in practice, but
are not reflected in this review.

5 Conclusion and Further
Recommendations

The literature has been grouped into five themes regard-
ing the components involved in the decision on when it is
appropriate to introduce running-related loads in athletes
following a tibial BSI. These components include resolution
of localised tibial tenderness, pain-free walking, evidence of
radiological healing, assessment of lower extremity strength
and pain provocation tests, and identification of contributing
factors. The literature has then been grouped into four con-
siderations involved in the process of returning an athlete to
running following a tibial BSI. These considerations include
beginning with a walk-run progression; individualising pro-
gression of load based on pain, risk of location, grade and
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level of the runner; running surface; and addressing biome-
chanics and strength. These components and considerations
are based on level IV papers, and therefore RCTs are sorely
needed in the area of returning athletes to running post tibial
BSI. Deciding when an athlete is ready to return to running
should be a shared decision between clinicians, coaches and
athletes. Effective planning should involve addressing the
athlete’s risk profile and managing risk by balancing the
athlete’s interests and reinjury prevention. A multidiscipli-
nary approach is essential to reduce the risk of recurrence.
Although there is a lack of consistency or strong evidence,
this review highlights the fundamental principles for return-
ing athletes to running following a tibial BSI. The increased
incidence and recurrence of BSIs in female athletes indi-
cate there are female-specific factors that increase risk, and
justify that treatment response needs to be female-specific.
General sport science papers have highlighted the dearth
of female research [161]; therefore, with tibial BSIs where
there are obvious female-specific factors, there needs to be
female-specific research. Further research, including insight
from experienced practitioners, is required to develop robust
guidelines for returning females to running following a tibial
BSIL
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