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ABSTRACT
The aim of the work presented in this thesis was to review the current differential diagnoses
that present as chronic exertional leg pain, and to investigate Medial Tibial Stress Syndrome
(MTSS) as the most common condition in this group of diagnoses. The thesis explores, in
turn; the risk factors associated with development of MTSS, the utility of a screening test for
predicting those at risk of developing MTSS, the reliability of a commonly-used method for
classifying and evaluating running technique modifications, and the effectiveness of
extracorporeal shockwave intervention for MTSS.

A systematic review and meta-analysis of prospective risk factors for MTSS indicated that
female gender, a previous history of MTSS, fewer years of running experience, orthotic use,
increased Body Mass Index, an increased navicular drop, and increased external rotation hip
range of motion in males were all significantly associated with an increased risk of
developing MTSS in runners. As a consequence of identifying each of these risk factors, a
foundation for better understanding of the causative mechanisms associated with
development of MTSS can be developed that will inform future risk factor analysis and
preventative screening efforts. A new continuum model for MTSS is presented as a basis for
further research efforts.

The prospective study of a cohort of military trainees presented in this thesis identified two
clinical tests that in asymptomatic individuals predict those who are more likely to develop
MTSS into the future. Together these tests represent an additional tool for preventive
countermeasures for a condition that is difficult to treat and commonly recurs.

Running technique “errors” are frequently attributed as being causal factors in the onset of
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MTSS, and as a consequence interventions aimed at “correcting” running technique are
often employed in clinical practice. There is a paucity of evidence on the reliability of
methods for classifying and evaluating outcomes in aspects of running technique, and this is
particularly so in relation to clinical settings. A reliability study of visually-based methods
for classifying footstrike and knee valgus in two speeds of running gait conducted here
highlights the necessity for judgements to be based on laboratory methods rather than solely
visual observation when running technique modifications are being implemented and
evaluated.

Currently, there is insufficient evidence supporting the efficacy of any specific intervention
for MTSS. Previous research has suggested extracorporeal shockwave therapy to be one of
the more promising interventions. A pilot randomised double blind sham controlled trial was
carried out, and it revealed no difference between sham dose and therapeutic dose for
runners experiencing MTSS. An observed reduction in bone pain associated with the sham
dose therapy suggests, however, that there may be an effect associated with low dose.
Further research is required that includes a no treatment control and higher numbers of
participants in order to more fully understand the effectiveness of no treatment, low dose
and standard dose shockwave therapy in MTSS.

The findings from this project, in conjunction with work on other bone conditions, indicate
the need for future research to consider the complex interactions of bone and muscle in
response to mechanosensory inputs. Consistent with this, a theory of network disruption
within bone is proposed to explain the recalcitrant nature of MTSS, its unique signs and
symptoms, and its potential causes.
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CHAPTER 1 INTRODUCTION

RATIONALE FOR THE PROJECT

SOURCES OF CHRONIC EXERTIONAL LEG PAIN

Chronic exertional compartment syndrome
Popliteal artery entrapment syndrome
Tibial stress fractures
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Medial Tibial Stress Syndrome
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INTERVENTION FOR MEDIAL TIBIAL STRESS SYNDROME

OUTLINE OF THE THESIS
Aims
Significance

1

The work covered in this chapter has been
Published as:
• Newman P, (2013) Chronic Exertional Leg Pain : Discrete syndromes or a
continuum?, SportsPhysio, Australian Physiotherapy Association. p 21-24 0
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RATIONALE FOR THE PROJECT
Medial tibial stress syndrome (MTSS) is a common and debilitating condition associated
with running and walking activities. Athletes, soldiers and casual sports participants who run
may be affected, with 4-35% of these populations having the condition at any one time
(Yates and White 2004; Moen, Tol et al. 2009). Data from an Australian military training
establishment that covered injuries between 2001 and 2005 revealed that at least 49% (686
of 1402) of all reported chronic exertional shin pain was diagnosed as MTSS (Defence
Injury Prevention Program 2001-2005). The salary-related cost to the Australian Defence
force as a consequence of training days lost to MTSS is approximately (55 days) or $5,400
per injury for a first year Officer Cadet or trainee ($34,327 yearly salary of trainee, not
including health related costs) (Defence 2010) or $3.7M over the 5 years of the Defence
Injury Prevention Program data set. In an increasingly unfit general civilian community,
running is an easily accessible exercise mode but it is associated with high rates of MTSS.
Up to 82% of runners, over a single running season, have been found to experience exerciserelated shin pain that prevents them from involvement in subsequent participation, training
or competition (Reinking et al 2010).
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Recovery times for symptom resolution in MTSS range greatly, but tend to be long – 4
weeks to 18 months – with many sufferers having recurrent episodes that add to the cost and
inconvenience. One recent study found that 50% of participants from a non-military sample
of runners took 102-118 (SD 52-64) days to recover sufficiently to complete an 18-minute
run (Moen 2012). It took between 250 and 300 days for 90% of these participants to recover
sufficiently to complete an 18-minute run (Figure 1.1).

Figure 1.1 Reversed Kaplan-Meier survival curve for days to complete an 18 minute running program,
from (Moen 2012), pg 7, Figure 2
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The aetiology of MTSS is poorly understood. It can be argued, however, that mixed
nomenclature has contributed to a general confusion in understanding the cause or causes of
MTSS. Lay terms such as “shin splints” are still used in research reports, despite this term
originating from terminology used by horse trainers and veterinary surgeons to describe an
injury in horses involving the interosseous membrane of young, over trained animals(Devas
1967). In humans, the term ‘shin splints’ has been used to describe stress fractures of the
tibia or fibula, chronic compartment syndrome, medial tibial stress syndrome, or ischaemic
shin pain such as that associated with popliteal artery entrapment. Other commonly used
terms within the literature, that have sought to implicate more specific anatomical
derangements, are “soleus syndrome”, “tibial enthesitis”, “tibial fasciitis”, “tibial periostitis”
(Michael and Holder 1985, Garth and Miller 1989, Bouché and Johnson 2007). The
syndrome is often reported to include periostitis, bone stress and/or musculotendinous
breakdown, although there is inconsistency in the literature as to exactly which of these
elements are sources of pain (Saxena A 1990, Kortebein, Kaufman et al. 2000, Bouché and
Johnson 2007). It is probable that combinations of structures are involved in MTSS, and
some authors have put forward grading systems based on this premise. For example, Detmer
(1986) defined Type I shin splints as “tibial microfracture, bone stress reaction or cortical
fracture”; Type II as “periostalgia from chronic avulsion of the periosteum at the periostealfascial junction”; and Type III as “chronic compartment syndrome”. Errors in grouping
these conditions for research purposes has possibly contributed to a lack of clarity in
aetiology and management, as the anatomical structures involved in each condition are
different. However, due to similar clinical presentations of these conditions, and similar
mechanisms of onset, it would seem unwise to consider these entities in isolation, as there
may be important co-relationships between conditions that may help explain causality. As a
result, many authors have classified shin pain as a single diagnostic entity, naming it
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“Exertion Related Leg Pain” or chronic exertional leg pain. These terms encompass MTSS,
chronic exertional compartment syndrome (CECS), popliteal artery entrapment syndrome
(PAES), and tibial stress fractures. These can co-exist and intersect in the manner depicted
in Figure 1.2.(Detmer 1986, Banerjee and Mclean 2011) All of these conditions have the
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CHRONIC
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COMPARTMENT
CHRONIC
SYNDROME
EXERTIONAL
COMPARTMENT
SYNDROME

same mechanism of onset -that is, unaccustomed loading or exertion, usually involving
running but occasionally also developing with walking.

Figure 1.2 Traditional model of chronic exertional leg pain differential diagnosis

Similarities in clinical presentation include; symptoms of tightness of shin muscles, shin
pain on palpation, and shin pain on exertion(Yates and White 2004, Edwards, Wright et al.
2005). For this reason it is useful to consider these entities together, as similar mechanisms
of onset and similar symptoms may mean there are similar causes and risk factors. However,
cause has not yet been clearly established and as a result no treatment has been identified
that is broadly effective for the management of chronic exertional leg pain.
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Relatively recently, clinical algorithms have been developed to assist in differential
diagnosis of each of the conditions that present as CELP, an approach that contrasts with
Detmer’s model proposed some 20 years earlier (Figure 1.3).

Figure 1.3 Differential Diagnosis Algorithm from (Edwards, Wright et al. 2005), figure 1 from page 1242
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The differences between these pathologies can be subtle. Examples of this are the fact that
stress fractures are typically associated with very localised bone pain and are more
commonly found above the distal third of tibia; that chronic exertional compartment
syndrome is most commonly present in the anterior compartment with a very tight and
tender anterior muscle compartment; and that popliteal artery entrapment syndrome presents
as a multi compartment chronic exertional compartment syndrome. Pain that continues at
rest is more typical of stress fracture or MTSS, whilst the experience of no pain felt at rest is
more often associated with chronic exertional compartment syndrome or popliteal artery
entrapment syndrome.

Yates and White have described MTSS as “pain along the posteromedial border of the tibia
that occurs during exercise, excluding pain from ischaemic origin or signs of stress fracture”
(Yates and White, 2004, pg777). This definition is now widely used to define inclusion
criteria for research studies. Enhancing specificity in participant selection clearly should
allow for more targeted investigations that may reveal the unique differences in aetiology,
tissue types involved, risk factors and causes and therefore treatment regimes that will be
most effective. However currently there is little evidence to support any particular
intervention aimed at preventing the development of MTSS (Thacker 2002, Thacker 2004)

Clear understanding of the pathology underlying MTSS is needed for the development of
targeted intervention strategies, and for future research studies. The differential diagnoses
for conditions that present in clinically similar ways also warrant clarification. Therefore,
the primary purpose of this thesis is to examine the aetiology, risk factors, and intervention
for MTSS. At the outset, it is useful to consider the incidence, theories of aetiology, risk
factors, and common features of the entities that comprise chronic exertional leg pain,
8

because consideration here provides context for the subsequent focus on medial tibial stress
syndrome.

SOURCES OF CHRONIC EXERTIONAL LEG PAIN
There are 5 main differential diagnoses of chronic exertional leg pain:
1. Chronic exertional compartment syndrome
2. Popliteal artery entrapment syndrome
3. Tibial stress fracture
4. Nerve entrapments
5. Medial tibial stress syndrome

Chronic exertional compartment syndrome (CECS)

Chronic exertional compartment syndrome is characterised by pain on exertion that comes
on rapidly with increasing intensity, and often settles within minutes of rest. It affects
between 14-27% of runners (Newman 2001-2007, Schubert 2011). Raised intramuscular
pressure (IMP) within the fascial compartment impedes local blood flow and affects
neuromuscular function of the compartment tissues. In severe cases, muscle necrosis can
ensue. The pathophysiology of chronic exertional compartment syndrome is unknown.
Decreased fascial compliance, increased fascial thickness, rapid muscle hypertrophy with
insufficient fascial accommodation, abnormal fluid volume within the compartment, or
shorter periods of muscle relaxation have all been postulated—but there is currently little
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evidence to support any of these theories about the origin of chronic exertional compartment
syndrome.

While there is some evidence that shorter periods of muscle relaxation, as measured by
EMG, are a feature of the problem (Zhang et al 2011), measures of fascial thickness and
compliance have not revealed any differences between asymptomatic individuals and
chronic exertional compartment syndrome sufferers (Dahl et al 2011, Barbour et al 2004).
Lower leg muscles have been estimated to increase their volume by up to 20 per cent during
intense exercise, but how this may differ between chronic exertional compartment syndrome
sufferers and asymptomatic individuals is unclear (Schissel & Godwin 1999). Chronic
exertional compartment syndrome and MTSS may co-exist, but this is infrequently reported
(Banerjee and Mclean 2011). It is possible that a muscle volume increase by an amount such
as 20% would result in increased fascial tension. As the deep crural fascia attaches at the site
of pain in MTSS, this feature could explain the co-existence of MTSS with chronic
exertional compartment syndrome, but this is yet to be clearly demonstrated (Allen,
O'Dwyer et al. 1995).

Chronic exertional compartment syndrome is usually diagnosed objectively via needle
manometry measurement of IMP(Roberts and Franklyn-Miller 2011). This has previously
been considered to be the gold standard, but a growing body of evidence is casting doubt on
the reliability of needle manometry. Besides being invasive and uncomfortable, the criteria
currently used to diagnose the condition using needle manometry have come from very
small sample sizes of symptomatic patients. Studies since have shown that differences in
intramuscular pressure occur between males and females, between athletes and non-athletes,
between compartments (anterior to posterior, deep to superficial), and between measurement
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methods. As a result, there is considerable overlap in the ranges of the diagnostic criteria and
the range of values found in asymptomatic individuals (Hislop & Tierney 2011, Pedowitz et
al 1990, Roberts & Miller 2011). Furthermore, intramuscular pressures correlate poorly with
pain and neural symptoms (Gentilello et al 2001). The inference drawn by these authors is
that the diagnostic methods used for determining chronic exertional compartment syndrome
may not be valid, which raises the question as to the number of studies about this condition
that have misclassified some of their participants and thus compromised their findings.

A new application of old technology is showing some promise in this regard. Near infra-red
spectroscopy (NIRS) is a non-invasive method of measuring local muscle oxygenation
(Figure 1.4). It is a more direct measure of ischaemia than IMP, and it has been shown to
compare favourably to functional MR and needle manometry. Nevertheless, additional
studies are required to further validate this technique (van den Brand et al 2005, van den
Brand et al 2004)
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Figure 1.4 Contrast of non symptomatic and symptomatic measures of regional oxygen saturation in the
tibialis anterior muscle during treadmill running. (From (Newman 2013) Figure 1 and 2 page 24.) NIRSNear infrared regional spectroscopy

There is presently a paucity of evidence about the risk factors for chronic exertional
compartment syndrome. However, there are several biological rationales for potential risk
factors which warrant further research. First, a rapid increase in volume of lower limb
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exercise may lead to rapid hypertrophy and a consequent spiral of pressure increase. Second,
microvascular, and possibly neural, damage associated with diabetes may be a risk factor.
Finally, there may even be genetic factors involved, as indicated by a case study of twins
with the condition (Banerjee & Mclean 2011).

Popliteal artery entrapment syndrome (PAES):

Popliteal artery entrapment syndrome is now acknowledged as an important differential
diagnosis in recalcitrant cases of chronic exertional compartment syndrome. It affects 0.23.5 % of runners (Bouhoutsos and Daskalakis 1981, Newman 2001-2007, Soobrah, Nawaz
et al. 2010). The popliteal artery can be entrapped by muscle or fascia or space-occupying
lesions, producing claudicant-like symptoms that are very similar to chronic exertional
compartment syndrome (Gourgiotis, Aggelakas et al. 2008). Popliteal artery entrapment
syndrome is relatively easily diagnosed by arthrogram or Doppler ultrasound (Nelms et al
2000). However, depending upon the nature of the entrapment, it may be important to
perform these tests in functional positions (calf raise) or post-exercise, to ensure an accurate
diagnosis (Macedo et al 2003, Wright et al 2004).

Popliteal artery entrapment syndrome is reported to occur in men more than in women, at a
rate of 15:1, although these figures come from studies in military populations that may not
be representative of the broader population (Bouhoutsos & Daskalakis 1981). Larger calf
musculature, rapid hypertrophy, athletic frame and genetics have also been implicated
(Gourgiotis et al 2008). Essentially, any structure or feature that has the potential to obstruct,
entrap or constrict the popliteal vessels is a risk factor for the condition.
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Tibial stress fracture:
Significance and prevalence of stress fractures in the sporting population is well-recognised
and documented. Tibial stress fracures affect 1.5–31 % of runners (Newman 2001-2007,
Pohl, Mullineaux et al. 2008). Typically, patients will present with very localised, intense
pain arising from palpation or vibration. They may report pain at rest, pain at night, and
certainly pain with load or impact. Plain X-ray may not reveal a stress fracture for some
time, so these patients are best diagnosed by CT, MR or triple phase bone scan. The tibia is
the most common stress fracture site in athletes (Milner et al 2006, Matheson et al 1987).
Tibial stress fracture is an important differential diagnosis for a patient presenting with
chronic exertional leg pain, as the management principles are as clear as the consequences of
misdiagnosis.

Stress fractures are essentially a problem of overload, with too much load applied too soon.
Technique and kinematic factors related to footstrike pattern, excessive valgus, ‘free
moment’ or torsion in stance phase have all been identified as potential risks. Genetics, bone
geometry, gender, hormonal status, metabolic and nutritional factors have also been
suggested to play a part in the development of bone stress (Milner et al 2006, Milgrom et al
1985, Milner et al 2011).

Nerve entrapments:
Nerve entrapments are thought to be more commonly associated with traumatic events such
as a direct blow near to the nerve, or from pressure of external devices such as braces or
strapping, however cases have been reported in association with repetitive exercise of the
lower leg muscles (Styf 1988, Leach, Purnell et al. 1989, Schon 1994, Fabre, Piton et al.
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1998). Peripheral nerve entrapments involving the lower leg may effect up to 13% per cent
of runners (Newman 2001-2007). Symptoms may not be typically neurological (numbness
or tingling) but may simply present as pain or burning sensation in the region of the nerve
and the area of skin it innervates. The site of pain assists in determination of whether the
condition involves superficial peroneal, common peroneal or saphenous nerve entrapment
(McCrory, Bell et al. 2002).

Diagnosis can provisionally be made by direct palpation or percussion of the nerve, and may
be confirmed by nerve conduction studies or by the immediate relieving effect of local
injection of anaesthetic. Imaging is used if anatomical anomalies such as bony spurs, cysts,
hypertrophic connective tissue or fascial hernias are thought to be a possible source of
impingement.

Intervention includes modification of aggravating activities, soft tissue massage and antiinflammatory interventions. Where anatomical anomalies are the source of irritation, these
may be corrected surgically when conservative approaches have failed.

Medial Tibial Stress Syndrome
Although advances in imaging techniques and other technologies are helping to improve
understanding of the various conditions comprising chronic exertional leg pain, further
research is needed to better indicate why these conditions develop and how they interact.
More rigorous research methods are required to increase knowledge and expertise in the
management of chronic exertional leg pain and in particular, the most common of these
conditions, and the focus of this thesis, medial tibial stress syndrome.
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One of the aims for the present body of research work is to contribute towards better
understanding of medial tibial stress syndrome. By focussing on this condition and removing
the potential confounders of related conditions, the aim is to improve scientific
understanding. Clinicians will be able to be definitive in identifying risk, more informed in
injury prevention, more confident in diagnosis, more accurate in prognosis, and more
evidence-based in making prescriptions.
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PATHOPHYSIOLOGY OF MEDIAL TIBIAL STRESS SYNDROME
There remains some inconsistency in the literature regarding the aetiology and
pathophysiology of MTSS. MTSS has been suggested to be a include elements of
myofascial strain, enthesiopathy, periostitis and bone stress as a consequence of mechanical
overload. The evidence for these theories comes from; anatomical dissections that have
sought to establish normal muscle and fascial attachments at the site of pain (Michael and
Holder 1985, Saxena A 1990, Beck and Osternig 1994, Bouche and Johnson 2007, Stickley
2009); histological evidence of inflammatory markers and tissue pathology within the site of
MTSS (Johnell 1982, Mubarak 1982, Michael and Holder 1985, Bhatt 2000, Barbour,
Briggs et al. 2004); and imaging findings (Fredericson 1995, Batt 1998, Beck 1998,
Magnusson 2001, Magnusson 2003, Gaeta 2005, Franklyn 2008, Moen, Tol et al. 2009)..
The muscles of the posterior compartment of the leg are the soleus, tibialis posterior, flexor
hallicus longus and flexor digitorum longus. These muscles have been implicated as a
source of pain in MTSS (Michael and Holder 1985, Newsham, Beekley et al. 2012) because
of their close relationship to the site of symptoms, due to their actions, and due to their
apparent dysfunction in limited samples of MTSS sufferers. A common proposal for the
mechanism of injury is illustrated below (Figure 1.5) (Bouché and Johnson 2007, Lee 2009).
In this account, repeated impact loading induces overload of the medial musculature (soleus,
tibialis posterior, flexor digitorum longus). As these muscles fatigue there is thought to be
greater propensity towards genu valgus and overpronation at the foot, resulting in excessive
loading of fascia, periosteum, and bone, with an associated inflammatory cascade within and
around the involved tissues. The typical clinical diagnostic criteria for MTSS are ‘…pain
along the posteromedial border of the tibia that occurs during exercise, excluding pain from
ischaemic origin or signs of stress fracture’ (Yates & White 2004). A distinguishing feature
separating MTSS from stress fracture (though noting both could occur together) is that the
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pain extends over at least a 5cm length of the distal one third of the tibia (Couture and
Karlson 2002, Yates and White 2004, Edwards, Wright et al. 2005).

Figure 1.5 A common concept of injury mechanism in medial tibial stress syndrome
https://www.google.com.au/imgres?imgurl=https://runsmartonline.com/articles/strength/wpcontent/uploads/2014/11/shin-pain-splint-cause-prevention.jpg&imgrefurl=https://runsmartonline.

Several anatomical studies have sought to identify structures likely to be a source of pain in
MTSS by describing myofascial attachments to the distal third of the posteromedial tibia in
cadavers (Michael and Holder 1985, Saxena A 1990, Beck and Osternig 1994, Bouche and
Johnson 2007, Stickley 2009). These studies tend to agree that there is very little direct
muscular attachment at the distal third of the tibia where symptoms occur in MTSS (Figure
1.6) and that this evidence casts doubt on the idea that the syndrome involves injury of
posteromedial muscle origins.
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Figure 1.6 Crural fascia and muscle origins related to medial tibial stress syndrome symptom location,
from (Stickley 2009) Figure 1 page 1993

There is a lack of consensus as to the contribution of the attachments of fascia at the distal
one third of the medial tibia. Descriptions of the fascia include the terms “soleus bridge”,
“soleal aponeurosis” and “deep crural fascia” (Figure 1.7). One study investigated the
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relationship between tendon load in deep leg flexors and fascial strain at the medial tibial
crest in 3 cadaveric legs (Bouché and Johnson 2007). A linear relationship between tendon
load and fascial strain was found, supporting the view that fascial traction is generated by
deep flexor contraction, thereby loading the medial tibial crest. However, in a larger study
involving 16 specimens, the authors report many variations in the presence of fascial
attachment, the site of attachment, the orientation of attachment and extent of attachment of
this fascia (Stickley 2009). These variations would alter the fascial tension relationship and
thereby render myofascial traction theories less useful. However, posteromedial muscular
tenderness is a consistent clinical feature of the syndrome. It may be that this tenderness is a
consequence of muscular overuse and chronic fatigue within the belly of these muscles (as
opposed to the origin), but whether this is a primary cause or simply an effect of the
condition remains unclear.

20

Figure 1.7 Crural Fascia and the “soleus bridge” here showing the proposed strain mechanism
associated with impact loading, (Michael and Holder 1985) Figure 8 from page 94
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It could also be that this muscular tenderness is a precursor to, or a lesser grade of, MTSS
(Yates & White 2004). MTSS may occur on a continuum of severity as indicated in Figure
1.8, where muscular injury may represent the earliest form, which may then predispose to
chronic exertional compartment syndrome or to more severe MTSS progressively involving
muscle, fascia and the bone.

Figure 1.8 Proposed continuum model of chronic exertional leg pain differential diagnosis
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Histological studies have not conclusively determined which tissues are most likely to be the
source of symptoms in MTSS (Johnell 1982, Mubarak 1982, Michael and Holder 1985,
Bhatt 2000, Barbour, Briggs et al. 2004). Periosteum, bone, fascia and muscle have all been
investigated for signs of inflammatory markers, which may implicate them as a source of
symptoms or as a site of tissue disruption. These studies aggregate to a total of 69 biopsy
results. In those studies that looked at periosteum, there was substantial variation, with
findings suggesting between 6% and 65% of samples were indicative of “periostitis”.
Approximately 32% of samples showed fascial inflammation, mainly of the crural fascia.
Around 63% of samples showed increased numbers of osteocytes, periosteal lifting and
presence of osteoid- all indicating increased bone metabolism. These studies are limited by
low numbers in samples, by mixed diagnostic criteria for MTSS, mixed severity and
duration of MTSS in the sample, lack of comparison to controls, and lack of blinding of
examiners. Some authors point out that their biopsies were taken from standardised
anatomical sites rather than symptomatic sites, thereby limiting their findings. Accordingly,
it is difficult to be conclusive about any one tissue being involved based purely on
histological studies.

In contrast to histological work, imaging has repeatedly demonstrated that MTSS is a
problem that affects bone (Fredericson 1995, Batt 1998, Beck 1998, Magnusson 2001,
Magnusson 2003, Gaeta 2005, Franklyn 2008, Moen, Tol et al. 2009). Computerised
tomography, dexa and magnetic resonance imaging techniques consistently identify marrow
oedema, periosteal lifting due to underlying bone exudate, and bony resorption of the
posteromedial tibial border in MTSS. The distinguishing feature of MTSS is that the bone is
affected in a longitudinal or “double stripe” pattern (Figure 1.9) which is more extensive
than the localized pattern seen in stress fracture. If MTSS was a problem primarily of soft
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tissues then triple phase bone scan would demonstrate the most significant uptake in the first
2 phases of the procedure, yet most significant tracer uptake is seen in the delayed pool
images, which typically indicate bone lesions. While the accuracy of different imaging
techniques may be dependent on timing of the imaging in relation to injury onset
(Magnusson 2003, Ozgurbuz 2011), unique and consistent bony abnormalities are reliably
present.
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Figure
Figure 1.9 Imaging of MTSS
A) MRI of Typical pattern of bony oedema in MTSS superficial to the medial cortex, cortical bone and
medullary oedema, (from http://sumerdoc.blogspot.com.au/2009/03/medial-tibial-stress-syndrome-mrict.html) B) Bone scan of typical tibial stress fracture(Bhatt 2000) figure 1 .C) Delayed pool images of
MTSS D) Bone scan, delayed pool images of a normal tibia, from (Bhatt 2000) figure 2
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Whilst some authors suggest that untreated MTSS can progress to full stress fracture
(Milgrom, Giladi et al. 1985, Beck 1998) there is limited direct evidence of this. Data
compiled by the thesis author while providing injury surveillance services within an
Australian Defence Force establishment suggests that of 1400 cases of chronic exertional
shin pain, only 3 of these were diagnosed with stress fracture of the tibia (Newman 20012007). It could be argued that MTSS is the same pathology as a stress fracture, on a
spectrum of severity. That is, the bone lesions seen in MTSS are a precursor to stress
fracture. However, recovery times appear to be much longer for MTSS, and the imaging
signals are unique, suggesting that it is a different variant of bone injury. Some imaging
studies demonstrate bony lesions associated with a clinical diagnosis of MTSS in sites such
as the proximal tibia and the anterolateral tibial cortex that are inconsistent with clinically
significant sites of pain (Gaeta 2005, Vicente 2013) and this finding raises questions about
differential diagnosis of MTSS as well as about the nature of the pathology itself.

Measurable reductions in bone density at the site of MTSS can be present for up to 7 years
following onset of symptoms (Magnusson 2003) which is different to typical tibial stress
fractures (Figure 1.10). The adaptive capacity of bone in response to loading through
mechanical stimuli has long been understood and described (Jones, Priest et al. 1977, Wolff
1986, Frost 2001, Frost 2004, Downey and Siegel 2006). In MTSS, however, normal
adaptive responses appear to stall or stagnate. It is uncertain why this is so. Bone stress,
particularly bending moments, generate electrical potentials across bone tissue and this
piezoelectric effect is thought to influence the cellular activity determining resorptive and
depositional processes (Downey and Siegel 2006). The piezoelectric effect generated in
running could therefore sometimes result in a net resorption of bone in MTSS. Another
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theory is that it is mechanical disturbance of apatite crystals within the bone matrix that
results in higher solubility of apatite and consequently alteration of local calcium
concentrations (Downey and Siegel 2006). Changes to calcium concentrations are thought to
influence resorption and deposition rates at the cellular level (Downey and Siegel 2006).
Mechanical disruption of osteocytes and their response pathways may also be a source of
delayed or altered healing response (Bonewald 2006, Bonewald and Johnson 2008,
Henriksen, Neutzsky-Wulff et al. 2009). Because these issues are unresolved, research is
ongoing in order to understand why bone is affected and does not heal reliably in MTSS.

Figure 1.10 Typical resorption zone on medial tibia seen on axial CT scan of MTSS patient. (Gaeta 2005)
187:pg793
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RISK FACTORS FOR MEDIAL TIBIAL STRESS SYNDROME
Numerous authors have sought to investigate the risk factors associated with the condition,
with a view to developing screening and preventive measures for MTSS. The variables
investigated in these studies fall into categories of: range of motion (ROM) and muscle
length measures including joints from hip to hallux; static posture of lower limb segments;
kinematic analyses of the lower limb; muscle strength and endurance; running volumes;
anthropometric measures; dietary, hormonal, and smoking status; past history of injury; and
orthotic and shoe use (see Table 1.2). The majority of the papers that have reported
investigations of these associations and MTSS have been case-control or retrospective in
design, inevitably raising questions about any attribution of cause and effect.
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Table 1.2

Risk factors investigated for association with MTSS in runners

Risk Factor

Studies

Hip ROM

(Burne 2004, Lun, Meeuwisse et al. 2004, Willems 2006, Lee 2009, Moen 2010,
Yagi, Muneta et al. 2013)

Ankle ROM

(Burne 2004, Lun 2004, Yates and White 2004, Willems 2006, Hubbard,
Carpenter et al. 2009, Lee 2009, Bartosik 2010, Moen 2010, Yagi, Muneta et al.
2013)

Knee ROM

(Lun 2004, Willems 2006, Lee 2009, Moen 2010)

Rear/forefoot ROM

(Burne 2004, Lun 2004, Willems 2006, Hubbard, Carpenter et al. 2009, Lee
2009, Moen 2010)

Hallux ROM

(Willems 2006, Bartosik 2010, Moen 2010)

Hamstring length/ gastroc
length/ soleus length

(Bennett 2001, Lee 2009, Bartosik 2010, Moen 2010)

Leg length

(Wen, Puffer et al. 1998, Burne 2004, Bartosik 2010)

Q-angle

(Yagi, Muneta et al. 2013)

Tibial varus/valgus

(Bennett 2001, Hubbard, Carpenter et al. 2009, Lee 2009)

Static Genu varus/ valgus

(Wen, Puffer et al. 1998, Lun 2004, Lee 2009, Yagi, Muneta et al. 2013)

Static Calcaneal varus/
valgus, standing foot angle
qualitative and instrumented

(Wen, Puffer et al. 1998, Bennett 2001, Lun 2004, Lee 2009, Moen 2010)

Static arch height /Foot
posture Index/ Foot typing

(Wen, Puffer et al. 1998, Burne 2004, Lun 2004, Yates and White 2004,
Reinking, Austin et al. 2010)

Navicular drop test /
Navicular drop test
difference/ Navicular drop
test >x

(Bennett 2001, Hubbard, Carpenter et al. 2009, Lee 2009, Moen 2010, Bennett,
Reinking et al. 2012, Loudon and Reiman 2012, Yagi, Muneta et al. 2013)

Dynamic Genu varus/
valgus

(Willems 2006, Lee 2009, Loudon and Reiman 2012)

Dynamic Calcaneal varus/
valgus

(Willems 2006, Lee 2009, Sharma 2011, Lee and Hertel 2012, Loudon and
Reiman 2012)

Dynamic Plantar pressure
plate data- pronated vs
supinated at various phases
of gait, time to peak heel
rotation

(Willems 2006, Lee 2009, Bartosik 2010, Sharma 2011, Lee and Hertel 2012,
Loudon and Reiman 2012)

Plantar flexor endurance

(Pohl, Rabbito et al. 2010, Bennett, Reinking et al. 2012)

Strength
PF/DF/inversion/Eversion

(Hubbard, Carpenter et al. 2009, Lee 2009)

Strength Hip Abduction

(Lee 2009, Moen 2010, Yagi, Muneta et al. 2013)

Lean Calf girth

(Burne 2004, Moen 2010)

Mileage per unit time
(weeks months)

(Hubbard, Carpenter et al. 2009, Reinking, Austin et al. 2010)

Running experience years

(Bennett 2001, Plisky 2007, Hubbard, Carpenter et al. 2009, Reinking, Austin et
al. 2010)

Run times per unit distance/
fitness

(Burne 2004, Sharma 2011)

Time per week running

(Yates and White 2004)
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Previous History of MTSS

(Yates and White 2004, Plisky 2007, Hubbard, Carpenter et al. 2009, Bennett,
Reinking et al. 2012)

Previous History of stress
fracture

(Hubbard, Carpenter et al. 2009, Bennett, Reinking et al. 2012)

Previous history of lower leg
injury

(Hubbard, Carpenter et al. 2009, Reinking, Austin et al. 2010, Bennett, Reinking
et al. 2012)

Orthotic use

(Burne 2004, Plisky 2007, Hubbard, Carpenter et al. 2009, Bennett, Reinking et
al. 2012)

Menstrual regularity

(Hubbard, Carpenter et al. 2009)

BMI

(Burne 2004, Plisky 2007, Reinking, Austin et al. 2010, Sharma 2011, Bennett,
Reinking et al. 2012, Yagi, Muneta et al. 2013)

Gender

(Bennett 2001, Plisky 2007, Bennett, Reinking et al. 2012, Newman, Adams et
al. 2012, Yagi, Muneta et al. 2013)

Height

(Burne 2004, Plisky 2007, Sharma 2011, Yagi, Muneta et al. 2013)

Shin pain on palpation in
asymptomatic

(Newman, Adams et al. 2012)

Shin oedema on palpation

(Newman, Adams et al. 2012)

Claw toe

(Garth and Miller 1989)

Neuromuscular control
deficit of intrinsic foot
muscles

(Garth and Miller 1989, Franettovich 2010, Newsham, Beekley et al. 2012)

Straight leg raise

(Yagi, Muneta et al. 2013)

Smoking

(Sharma 2011)

Tibial geometry measured via cross sectional computerised tomography has been studied in
relation to tibial stress fracture but only one study has linked tibial dimensional data to
MTSS sufferers (Franklyn 2008). The study used a cross-sectional retrospective design so
cause and effect attributions are limited. The authors found reduced cortical thickness in the
junction of the middle and distal thirds of the tibia in injured or sedentary males. The best
correlate of male MTSS injury was low section modulus and low cross sectional area.
Findings for females differed, in that a longer axis from the centre of the tibia to the anterior
margin was a better correlate of sedentary or injured female tibiae.

The array of risk factors proposed within the literature inevitably creates difficulties for
clinicians who are seeking to understand the cause of the condition, and to assess and
manage patients that present with MTSS.
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INTERVENTION FOR MEDIAL TIBIAL STRESS SYNDROME
Trials investigating a range of interventions for MTSS have not as yet established any
clearly effective management that is better than prolonged reduction of load (Andrish,
Bergfeld et al. 1974, Thacker 2002, Craig 2008, Moen 2012).

A recent systematic review with meta-analysis has revealed the low level of evidence
available to date (Winters et al 2013). Eleven RCTs and two non-RCT trials were included
in this review, involving a range of interventions from braces, to laser, iontophoresis,
phonophoresis, Extracorporeal Shock Wave Therapy (ESWT), periosteal pecking, stretching
and strengthening. According to the authors, none of the papers were sufficiently free of bias
for researchers and clinicians to confidently rely on the results (level 3–4 evidence). Of all
the therapies analysed in the review, ESWT showed the most potential as an intervention.
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The table below (Table 1.3) is included for comparison of the evidence level associated with
different treatments.

Table 1.3.Summary of evidence for management of chronic exertional compartment syndrome
Intervention

Level of evidence

Studies

Cushion insole/orthotic

1b +ve, 2a -ve

(Andrish, Bergfeld et al. 1974,
Schwellnus, Jordaan et al.
1990)

stretch

2a-ve, 1b-ve

(Andrish, Bergfeld et al. 1974,
Moen 2012)

Strengthening calf

1b -ve

(Brushoj, Larsen et al. 2008,
Moen 2012)

Foot intrinsic strength

4+ve

(Newsham, Beekley et al.
2012)

Taping/bracing

1b-ve

(Johnston, Flynn et al. 2006,
Moen, Bongers et al. 2010)

Running technique

1a-ve and 4-ve

(Lun 2004, van Gent, Siem et
al. 2007)

Periosteal pecking

1b (1 of 3 measures

(Robertson 2003)

+ve)
Subtalar joint ‘function’

4+ve

(Galbraith and Lavallee 2009)

Preconditioning

1b-ve

(Bredeweg 2012)

Graduated running program

1b-ve, 2a +ve, 2-ve

(Andrish, Bergfeld et al. 1974,
Brushoj, Larsen et al. 2008,
Buist 2010, Moen 2012)

ESWT

2a,2b +ve

(Rompe, Cacchio et al. 2010,
Moen, Rayer et al. 2012)

1a—Evidence from meta-analysis of randomised controlled trials; 1b—Evidence from at least one
randomised controlled trial; 2a—Evidence from at least one well designed controlled trial which is not
randomised; 2b—Evidence from at least one well designed experimental trial; 3—Evidence from case,
correlation, and comparative studies.; 4—Evidence from a panel of experts

Currently research work is ongoing to determine which interventions are most likely to be
effective in treating this common condition.
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OUTLINE OF THE THESIS
AIMS
There were four broad aims of this project.

To determine the risk factors associated with MTSS.
In the absence of current agreement in the literature regarding the causes of MTSS,
determination of risk factors can facilitate prevention and assist in illuminating causal
relationships. Several risk factors have been associated with MTSS, but few have been
determined by rigorous scientific method.

To investigate the utility of predictive screening tests for MTSS.
Injury prediction is key to injury prevention. With such an insidious, common and
recalcitrant condition as MTSS, predictive indicators are of great value.

To investigate the reliability of running technique classification using clinic based
methods.
MTSS occurs mostly in runners. Running technique modification has been proposed as an
important focus of clinical management. A paper by Lieberman and colleagues, published in
Nature (Lieberman, Venkadesan et al. 2009), discussed running technique from an
evolutionary perspective. Lieberman et al argued that running techniques, particularly
footstrike, have been altered by the invention of supportive footwear, and that this may be
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the reason for modern runners suffering the problems we presume early man, engaged in
endurance running to hunt large animals, did not. This paper has led to a revolution in
thinking and shoe design. “Back to basics” minimalist footwear has become popular, and
there has even been a return to barefoot running, as a means to use the human locomotor
system in a manner consistent with its original design. Modification of running technique to
a predetermined norm or optimised method has also become popular, with various claims of
success attributed to specific running styles. Reliability of running technique classification
outside of a laboratory environment, however, has not been clearly determined.

To investigate the effect of the most promising intervention for MTSS.
No interventions have been demonstrated to be reliably effective in resolving MTSS.
Accordingly, an effective intervention needs to be identified and evaluated.

SIGNIFICANCE
People who run for fitness or leisure or for their vocation report a high incidence of shin
pain. In the military and also for athletes, this can be disruptive to training and costly to
careers in lost training time and financially in terms of work days lost. Current knowledge
about management of MTSS is confused and even contradictory. Similarly, diagnosis is
confused by unhelpful and interchangeable nomenclature. Understanding of causation is not
well informed by high quality research and there is no high quality evidence supporting a
particular intervention for MTSS. This PhD program of research aims to address these
issues.
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CHAPTER 2 RISK FACTORS ASSOCIATED WITH MEDIAL TIBIAL STRESS
SYNDROME IN RUNNERS; A SYSTEMATIC REVIEW AND METAANALYSIS

Aim 1. To determine the risk factors associated with MTSS
ABSTRACT
BACKGROUND
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Description of Studies
Risk Factors and associations with Medial Tibial Stress Syndrome
DISCUSSION
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Historical Risk Factors
Gender related Risk Factors
A Continuum Theory of Pathogenesis of MTSS
CONCLUSION
Implications for practice
Implications for further research
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ABSTRACT
Background
Medial tibial stress syndrome (MTSS) affects 5%–35% of runners. Research over the last 40
years investigating a range of interventions has not established any clearly effective
management for MTSS that is better than prolonged rest. At the present time, understanding
of the risk factors and potential causative factors for MTSS is inconclusive. The purpose of
this review is to evaluate studies that have investigated various risk factors and their
association with the development of MTSS in runners.

Methods

Medical research databases were searched for relevant literature, using the terms “MTSS
AND prevention OR risk OR prediction OR incidence”.

Results

A systematic review of the literature identified ten papers suitable for inclusion in a metaanalysis. Measures with sufficient data for meta-analysis included dichotomous and
continuous variables of body mass index (BMI), ankle dorsiflexion range of motion,
navicular drop, orthotic use, foot type, previous history of MTSS, female gender, hip range
of motion, and years of running experience. The following factors were found to have a
statistically significant association with MTSS: increased hip external rotation in males
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(standard mean difference [SMD] 0.67, 95% confidence interval [CI] 0.29–1.04, P<0.001);
prior use of orthotics (risk ratio [RR] 2.31, 95% CI 1.56–3.43, P<0.001); fewer years of
running experience (SMD −0.74, 95% CI −1.26 to −0.23, P=0.005); female gender (RR
1.71, 95% CI 1.15–2.54, P=0.008); previous history of MTSS (RR 3.74, 95% CI 1.17–
11.91, P=0.03); increased body mass index (SMD 0.24, 95% CI 0.08–0.41, P=0.003);
navicular drop (SMD 0.26, 95% CI 0.02–0.50, P=0.03); and navicular drop >10 mm (RR
1.99, 95% CI 1.00–3.96, P=0.05).

Conclusion

Female gender, previous history of MTSS, fewer years of running experience, orthotic use,
increased body mass index, increased navicular drop, and increased external rotation hip
range of motion in males are all significantly associated with an increased risk of developing
MTSS. Future studies should analyze males and females separately because risk factors vary
by gender. A continuum model of the development of MTSS that links the identified risk
factors and known processes is proposed. These data can inform both screening and
countermeasures for the prevention of MTSS in runners.

Keywords: medial tibial stress syndrome, injury prevention, risk factors, running injuries
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BACKGROUND
Medial tibial stress syndrome (MTSS) is usually brought on by running or impact loading of
the lower limb, and the resulting pain will typically limit running activity. MTSS is
generally considered to be a discrete clinical entity that is differentiated from chronic
exertional compartment syndrome, stress fracture, popliteal artery entrapment syndrome,
and the various neuropathies. Coexistence and interrelationships of these entities is
acknowledged but not clearly understood (Detmer 1986). Inconsistent use of terminology,
such as “shin splint syndrome” and “soleus enthesopathy”, is evident in the historic and
current literature, and it is likely that such variation in nomenclature has contributed to the
current lack of understanding of the condition.(Andrish, Bergfeld et al. 1974, Vicente 2013)

A range of hypotheses has been proposed in regard to the anatomic structures most likely to
be the source of pain in MTSS, with myofascial strain, enthesopathy, periosteal
inflammation, and bone stress reaction theories most prevalent. Histologic studies have been
small, and very few have identified inflammatory markers within the periosteal margins with
any consistency to support the periostitis hypothesis.(Johnell 1982, Mubarak 1982, Michael
and Holder 1985, Bhatt 2000)

Cadaveric studies of the myofascial anatomy are inconsistent as to which myofascial
element is involved.(Saxena A 1990, Beck and Osternig 1994, Bouché and Johnson 2007,
Stickley 2009)There is large variation in the site of attachment of the deep crural fascia,
soleus, flexor digitorum longus, and tibialis posterior, and there is contention about how
well these attachments relate to the site of pain in MTSS. One larger study (50 legs) found a
predominant absence of myofascial attachment at the medial tibial border where MTSS pain
occurs. (Beck and Osternig 1994) However, posteromedial muscular tenderness is a
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consistent clinical feature of the syndrome. It may be that this tenderness is a consequence
of muscular overuse and chronic fatigue. Whether this is a primary cause or an effect of the
condition remains unclear. (Yates and White 2004, Newman, Adams et al. 2012)

Recent interpretation arising from imaging and related studies suggests bone stress reaction
to be the most likely cause of symptoms in MTSS. (Fredericson 1995, Batt 1998, Beck
1998, Magnusson 2001, Magnusson 2003, Gaeta 2005, Moen 2009)Advances in computed
tomography, dual energy X-ray absorptiometry, and magnetic resonance imaging techniques
have enabled researchers to identify marrow edema consistently, periosteal lifting due to
underlying bone exudate, and bony resorption of the posteromedial tibial border in MTSS.
The accuracy of the different techniques varies greatly and may be dependent on the timing
of imaging in relation to injury onset. (Magnusson 2003, Moen 2012)Only a limited number
of histologic studies have included bone biopsy, but these positively confirm bone stress
markers. (Johnell 1982, Bhatt 2000) Some imaging studies demonstrate bony lesions
associated with a clinical diagnosis of MTSS in sites such as the proximal tibia and the
anterolateral tibial cortex, that are inconsistent with clinically significant sites of pain,
(Gaeta 2005, Vicente 2013), and this raises questions about the differential diagnosis of
MTSS as well as about the nature of the pathology itself.

It is probable that a combination of structures is involved in MTSS, and some authors have
suggested grading systems based on this premise (Figure 2.1) (Detmer 1986). A clear
understanding of the pathology is needed for future studies, and particularly in regard to the
development of targeted intervention strategies.

42

Figure 2.1 Traditional differential diagnosis and MTSS classification adapted from(Detmer 1986)

Recovery times in MTSS tend to be long. A recent randomized controlled trial found that
subjects from a nonmilitary sample of runners, in 3 treatment groups, took an average of
102–118 (SD 52–64) days to recover sufficiently to complete an 18-minute run. (Moen
2012) Times between 250 and 300 days were taken for 90% of these participants to recover
sufficiently to complete an 18-minute run. This timeframe should influence most clinicians’
prognostic planning and education of patients. Trials investigating a range of interventions
for MTSS have not as yet established any clearly effective management that is better than
prolonged reduction and management of load. (Andrish, Bergfeld et al. 1974, Thacker 2002,
Craig 2008, Moen 2012)

Several authors have sought to investigate the risk factors associated with the condition with
a view to developing screening and preventive countermeasures for MTSS. The variables
investigated in these studies fall into categories of range of motion (ROM) and muscle
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length measures, including joints from hip to hallux, static posture of lower limb segments,
kinematic analyses of the lower limb, muscle strength and endurance, running volumes,
anthropometric measures, dietary, hormonal, and smoking status, past history of injury, and
orthotic and shoe use (Table 2.1). The majority of the papers that have reported
investigations of these associations have been case-control or retrospective in design, thus
raising questions about the attribution of cause and effect.

Table 2.1 Risk factors investigated for association with MTSS in runners
Risk Factor

Studies

Hip ROM

(Burne 2004, Lun 2004, Willems 2006, Lee 2009, Moen 2010, Yagi, Muneta
et al. 2013)

Ankle ROM

(Burne 2004, Lun 2004, Yates and White 2004, Willems 2006, Hubbard,
Carpenter et al. 2009, Lee 2009, Bartosik 2010, Moen 2010, Yagi, Muneta et
al. 2013)

Knee ROM

(Lun 2004, Willems 2006, Lee 2009, Moen 2010)

Rear/forefoot ROM

(Burne 2004, Lun 2004, Willems 2006, Hubbard, Carpenter et al. 2009, Lee
2009, Moen 2010)

Hallux ROM

(Willems 2006, Bartosik 2010, Moen 2010)

Hamstring length/ gastroc
length/ soleus length

(Bennett 2001, Lee 2009, Bartosik 2010, Moen 2010)

Leg length

(Wen, Puffer et al. 1998, Burne 2004, Bartosik 2010)

Q-angle

(Yagi, Muneta et al. 2013)

Tibial varus/valgus

(Bennett 2001, Hubbard, Carpenter et al. 2009, Lee 2009)

Static Genu varus/ valgus

(Wen, Puffer et al. 1998, Lun 2004, Lee 2009, Yagi, Muneta et al. 2013)

Static Calcaneal varus/
valgus, standing foot angle
qualitative and instrumented

(Wen, Puffer et al. 1998, Bennett 2001, Lun 2004, Lee 2009, Moen 2010)

Static arch height /Foot
posture Index/ Foot typing

(Wen, Puffer et al. 1998, Burne 2004, Lun 2004, Yates and White 2004,
Reinking, Austin et al. 2010)

Navicular drop test /
Navicular drop test
difference/ Navicular drop
test >x

(Bennett 2001, Hubbard, Carpenter et al. 2009, Lee 2009, Moen 2010,
Bennett, Reinking et al. 2012, Loudon and Reiman 2012, Yagi, Muneta et al.
2013)

Dynamic Genu varus/
valgus

(Willems 2006, Lee 2009, Loudon and Reiman 2012)

Dynamic Calcaneal varus/
valgus

(Willems 2006, Lee 2009, Sharma 2011, Lee and Hertel 2012, Loudon and
Reiman 2012)

Dynamic Plantar pressure
plate data- pronated vs
supinated at various phases
of gait, time to peak heel
rotation

(Willems 2006, Lee 2009, Bartosik 2010, Sharma 2011, Lee and Hertel 2012,
Loudon and Reiman 2012)
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Plantar flexor endurance

(Pohl, Rabbito et al. 2010, Bennett, Reinking et al. 2012)

Strength
PF/DF/inversion/Eversion

(Hubbard, Carpenter et al. 2009, Lee 2009)

Strength Hip Abduction

(Lee 2009, Moen 2010, Yagi, Muneta et al. 2013)

Lean Calf girth

(Burne 2004, Moen 2010)

Mileage per unit time
(weeks months)

(Hubbard, Carpenter et al. 2009, Reinking, Austin et al. 2010)

Running experience years

(Bennett 2001, Plisky 2007, Hubbard, Carpenter et al. 2009, Reinking, Austin
et al. 2010)

Run times per unit distance/
fitness

(Burne 2004, Sharma 2011)

Time per week running

(Yates and White 2004)

Previous History of MTSS

(Yates and White 2004, Plisky 2007, Hubbard, Carpenter et al. 2009, Bennett,
Reinking et al. 2012)

Previous History of stress
fracture

(Hubbard, Carpenter et al. 2009, Bennett, Reinking et al. 2012)

Previous history of lower leg
injury

(Hubbard, Carpenter et al. 2009, Reinking, Austin et al. 2010, Bennett,
Reinking et al. 2012)

Orthotic use

(Burne 2004, Plisky 2007, Hubbard, Carpenter et al. 2009, Bennett, Reinking
et al. 2012)

Menstrual regularity

(Hubbard, Carpenter et al. 2009)

BMI

(Burne 2004, Plisky 2007, Reinking, Austin et al. 2010, Sharma 2011,
Bennett, Reinking et al. 2012, Yagi, Muneta et al. 2013)

Gender

(Bennett 2001, Plisky 2007, Bennett, Reinking et al. 2012, Newman, Adams
et al. 2012, Yagi, Muneta et al. 2013)

Height

(Burne 2004, Plisky 2007, Sharma 2011, Yagi, Muneta et al. 2013)

Shin pain on palpation in
asymptomatic

(Newman, Adams et al. 2012)

Shin oedema on palpation

(Newman, Adams et al. 2012)

Claw toe

(Garth and Miller 1989)

Neuromuscular control
deficit of intrinsic foot
muscles

(Garth and Miller 1989, Franettovich 2010, Newsham, Beekley et al. 2012)

Straight leg raise

(Yagi, Muneta et al. 2013)

Smoking

(Sharma 2011)

To the present time, no meta-analysis has been performed to investigate the associations of
various risk factors and the prospective development of MTSS. Therefore, the aim of this
review was to identify quality prospective studies that have investigated risk factors for
MTSS in runners and to combine their results through meta-analysis.
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METHOD
Criteria for considering studies for this review

Types of studies
We selected papers that were of prospective design and investigated a range of biometric
variables and their associations with MTSS. Explicit criteria for diagnosis of MTSS had to
be described in each paper with sufficient detail to exclude stress fracture and ischemic
causes. All participants in all papers were runners or played sports that were running-based.
All participants had to be asymptomatic at the time of baseline testing.

To enable calculation of combined results, the papers included had to report MTSS group
and non-MTSS group scores, standard deviations, and sample sizes, or sufficient alternative
data for these to be calculated. Categorical data had to include the sample sizes in each
matrix cell.

Quality of papers was assessed using a combination of the modified Quality Index (Downs
and Black 1998) and Revman5 (Cochrane) criteria (See Figure 2.2). Each criterion was
applied to each paper and a classification of "Low risk" was assigned where the paper had
clearly met the criterion. “Unclear risk” was assigned where there was insufficient detail to
determine if the criterion was met or not, and “high-risk” where the criterion was unlikely to
be met or bias was highly likely.
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Figure 2.2 Papers selected from initial search to final inclusion

Types of participants
The 1,924 participants in the final selection of studies included runners from military and
recreational groups, and tennis, volleyball, track and field, and soccer players.
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Electronic searches
The CINAHL, SPORTDiscus, Pedro, PubMed Central, and Cochrane databases were
searched using keyword search terms (keyword contains “medial tibial stress syndrome”
AND keyword contains “prevention” OR “risk” OR “prediction” OR “incidence”). No date
limits were applied and the search was completed in March 2013. Papers were filtered in
accordance with the sequence in Figure 2.2.

Data extraction and management
Each included paper was searched for raw scores and group numbers for a range of
measured risk factors. Where two or more papers reported the same type of risk factor or
measure, the results were combined and analyzed using Review Manager (RevMan version
5.2; Copenhagen, Denmark: The Nordic Cochrane Centre, The Cochrane Collaboration,
2012). Standard mean differences (SMDs) or pooled risk ratios (RRs) were generated to
determine the pooled effect size of each risk factor. The random effects model was applied
when I2 tests for heterogeneity were moderate to high (>25%).27 When heterogeneity was
low (≤25%), fixed effects modelling was applied. Effect sizes for each continuous variable
were defined as trivial (0–0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), or very
large (>2.0).28 Effect sizes for each RR were likewise defined as trivial (1–1.2), small (1.2–
1.9), moderate (1.9–3.0), large (3.0–5.7), or very large (>5.7).(Huedo-Medina, SánchezMeca et al. 2006).
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Effect sizes for each continuous variable were defined as trivial (0-0.2), small (0.2-0.6),
moderate (0.6-1.2), large (1.2-2.0), and very large (>2.0) (Hopkins 2002). Effect sizes for
each Risk Ratio were defined as trivial (1-1.2), small (1.2-1.9), moderate (1.9-3.0), large
(3.0-5.7), and very large (>5.7)(Hopkins 2002).

The P-value for significance of the pooled effects analyses was set at ≤0.05. Funnel plots
were constructed where four or more studies were included in the meta-analysis to assess the
influence of publication bias when the P-value was ≥0.05. The study authors were emailed
to request original data when raw scores or group data were not recorded in the paper;
however, no additional data were made available to be included in meta-analyses.

RESULTS
Description of studies
The initial database search found 768 articles that matched the search terms. After
predefined exclusion criteria were applied, ten papers were identified for meta-analysis
(Figure 2.2). Studies excluded at the abstract review or full text review stage were either
retrospective or case-control designs that would be unable to differentiate cause or effect
relationships. The risk of bias in these papers was high due to failure to blind assessors.
Some papers were excluded due to nonspecific differentiation of lower leg pain and MTSS.
Some variables within the final ten papers were collected only at diagnosis, so these
variables were not analyzed. The quality of the final ten papers was high against the criteria
applied (Figure 2.3). A total of 13 variables were able to be pooled for analysis (Table 2.2).
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Figure 2.3 Risk of bias summary: review authors' judgements about each risk of bias item for each
included study.
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Table 2.2 Risk Factors and associations with MTSS

Outcome or Subgroup

Studies

Participants

Statistical Method

Effect Estimate

1.1 Nav drop

4

565

Std. Mean Difference (IV,
Random, 95% CI)

0.26 [0.02, 0.50]

1.2 nav drop >10mm

2

164

Risk Ratio (M-H, Fixed, 95%
CI)

1.99 [1.00, 3.96]

1.3 Foot type

3

448

Risk Ratio (M-H, Random,
95% CI)

1.61 [0.37, 6.98]

1.4 Orthotic Use

3

403

Risk Ratio (M-H, Fixed, 95%
CI)

2.31 [1.56, 3.43]

1.5 BMI

5

753

Std. Mean Difference (IV,
Fixed, 95% CI)

0.24 [0.08, 0.41]

1.6 BMI < 18.5

3

257

Risk Ratio (M-H, Fixed, 95%
CI)

1.16 [0.79, 1.73]

1.7 Ankle DF ROM (soleus)

4

886

Std. Mean Difference (IV,
Fixed, 95% CI)

-0.06 [-0.21, 0.10]

1.8 Ankle DF ROM (gastroc)

5

785

Std. Mean Difference (IV,
Random, 95% CI)

0.05 [-0.18, 0.28]

1.9 More years of running

2

182

Std. Mean Difference (IV,
Fixed, 95% CI)

-0.79 [-1.15, -0.44]

1.10 Previous history MTSS

5

515

Risk Ratio (M-H, Random,
95% CI)

3.74 [1.17, 11.91]

1.11 Female gender

8

1226

Risk Ratio (M-H, Random,
95% CI)

1.91 [1.11, 3.28]

1.12 Male hip IR ROM

2

268

Std. Mean Difference (IV,
Random, 95% CI)

0.36 [-0.31, 1.03]

1.13 Male hip ER ROM

2

268

Std. Mean Difference (IV,
Random, 95% CI)

0.67 [0.29, 1.04]
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Risk factors and associations with MTSS
Navicular Drop
Four papers reported results of the navicular drop test measured in millimeters. This is a test
that measures the difference in height of the navicular tuberosity in the subtalar neutral
stance position and the height of the navicular tuberosity in relaxed stance(Brody 1982,
Buchanan and Davis 2005). Three of the four papers measured navicular drop with feet
shoulder width apart, and one paper performed the measurement in tandem stance position.
(Yagi, Muneta et al. 2013). This test was found to be significantly associated with MTSS
injury (SMD 0.26, 95% confidence interval [CI] 0.02–0.50, P=0.03, Figure 2.4). The metaanalysis indicates that a larger navicular drop is associated with increased risk of MTSS.

Figure 2.4 Forest plot of comparison: Risk Factors and associations with MTSS and Navicular drop
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Navicular drop >10mm
Two papers evaluated a dichotomous variable of navicular drop greater than 10 mm. This
test was found to be significantly associated with MTSS injury (Figure 2.5). Those with a
navicular drop >10 mm are 1.99 times more likely to develop MTSS than not (RR 1.99, 95%
CI 1.00–3.96, P=0.05). The meta-analysis also indicates that a larger navicular drop is
associated with increased risk of MTSS.

Figure 2.5 Forest plot of comparison: Risk Factors and associations with MTSS and Navicular drop
>10mm.
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Pronated Foot Type
Three studies reported classification by foot type in their papers. In two studies, this was
done using either all or part of the Foot Posture Index.(Redmond, Crosbie et al. 2006) The
Foot Posture Index aggregates categorical scores from six domains of foot classification, ie,
talar head palpation, malleolar curve, calcaneal position, prominence of talonavicular joint,
congruence of medial longitudinal arch, and abduction/adduction of the forefoot on rearfoot.
Aggregated scores are then used to classify the foot into pronated, normal, or supinated
categories. In a study reported by Sharma et al (Sharma 2011), foot type was classified
according to pressure plate data that determined proportion of medial to lateral foot pressure
during a barefoot walking task. For the purposes of this analysis, the results were pooled and
compared on a derived dichotomous variable of “pronated” or “not pronated”. This measure
was not found to be a significant predictor of MTSS (RR 1.61, 95% CI 0.37–6.98, P=0.52)
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Orthotic Use
Three of the papers included in this review surveyed participants on their prior orthotic
insole use. A total of 403 participants were surveyed. Those who had used orthotics had a
higher relative risk of developing MTSS (RR 2.31, 95% CI 1.56–3.43, P<0.0001, Figure
2.6).

Figure 2.6 Forest plot of comparison: risk factors and associations with MTSS and orthotic use.
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Body mass index
Five papers provided body mass index (BMI) data. In a total of 753 participants, higher BMI
was significantly associated with development of MTSS (SMD 0.24, 95% CI 0.08–0.41,
P=0.003, Figure 2.7).

Figure 2.7 Forest plot of comparison: risk factors and associations with MTSS and BMI.
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Ankle Dorsiflexion (soleus)
Four papers investigated the relationship of dorsiflexion ROM at the ankle measured with
the knee bent to diminish any effect of gastrocnemius muscle tightness. A total of 886
individuals were tested. There was no significant pooled effect relating this variable to the
development of MTSS (SMD −0.06, 95% CI −0.21 to 0.10, P=0.48).

Ankle Dorsiflexion (gastrocnemius)
Five papers investigated the relationship of dorsiflexion ROM at the ankle measured with
the knee straight. A total of 785 individuals were tested. Similarly, there was no significant
pooled effect relating this variable to the development of MTSS (SMD 0.05, 95% CI −0.018
to 0.28, P=0.66).
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Running experience
Four papers surveyed participants to establish their years of running experience. Two papers
reported only dichotomized data that could not be equated for consistent analysis, leaving
two papers that could be pooled for analysis. In a total group of 182 participants, there was a
significant effect relating decreased running experience to the development of MTSS (SMD
−0.74, 95% CI −1.26 to −0.23, P=0.005, Figure 2.8).

Figure 2.8 Forest plot of comparison: risk factors and associations with MTSS and years of running
experience.
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Previous MTSS history
Five of ten papers surveyed participants to establish if they had suffered with any previous
occurrence of MTSS. In a total group of 515 participants, we found a large and significant
effect relating a previous history of MTSS to repeat occurrence of MTSS (RR 3.74, 95% CI
1.17–11.91, P=0.03, Figure 2.9).

Figure 2.9 Forest plot of comparison: risk factors and associations with MTSS and previous history of
MTSS.
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Female Gender
Nine of ten papers involved both male and female participants. In total, 187 cases of MTSS
developed in 513 females and 210 cases of MTSS developed in 957 males. Females were
found to be at significantly higher risk of developing MTSS than males, at a ratio of 1.71:1
(RR 1.71, 95% CI 1.15–2.54, P=0.008, Figure 2.10).

Figure 2.10 Forest plot of comparison: risk factors and associations with MTSS and previous history of
MTSS.
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Male Hip External Rotation
Two papers reported male and female hip rotation ranges (internal and external) measured
via goniometry. Both reported male and female data separately. Increased external rotation
ROM of the hip was found to be significant only for males (n=268) in this meta-analysis
(SMD 0.67, 95% CI 0.29–1.04, P<0.001, Figure 2.11).

Figure 2.11 Forest plot of comparison: risk factors and associations with MTSS and male hip external
rotation ROM
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DISCUSSION
In clinical practice, multiple risk factors are seen as being linked to MTSS as a result of
various research findings, or as a result of practitioners’ beliefs, experiences, biases, and
paradigms. Examples of the array of risk factors discussed in the literature review for this
paper are provided in Table 1. The present paper provides clear evidence as to which risk
factors can be most reliably linked to MTSS in runners. We propose and discuss a
continuum model of pathogenesis of MTSS within the context of current evidence, clinical
sequelae, related conditions, and the risk factors we have identified (Figure 2.12).
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Figure 2.12 Proposed continuum model of pathogenesis of MTSS.
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Structural/anatomical risk factors
Greater navicular drop is associated with an increased risk of developing MTSS. The effect
size for the continuous variable is small, suggesting that the MTSS group had only a slightly
increased navicular drop when compared with the uninjured group. The mean difference in
navicular drop between MTSS and non-MTSS groups was 0.85 mm, which is a difference
that is almost clinically impossible to detect given that the standard error of the measure is
between 1.1 mm and 3.0 mm (intraclass correlation coefficient 0.84).(Hubbard, Carpenter et
al. 2009, Yagi, Muneta et al. 2013). The standard error of the measure is the standard
deviation of the measure-remeasure difference distribution, and therefore reflects the kinds
of differences that might arise from measurement error alone. There were some differences
in how the reviewed papers measured navicular drop. Whilst these differences in
methodology introduce variance,(Lee and Hertel 2012), the fact that the meta-analysis still
returns a significant finding emphasizes the importance of the measurement.

It is likely that differences in measurement technique are important, particularly when
determining clinically relevant cutoff values. Notably, the tandem stance technique appears
to yield much smaller differences in navicular height. When the dichotomous variable,
navicular drop greater than 10 mm, was analyzed, the effect size improved to within the
moderate range. Classification of individuals who are at risk of developing MTSS using this
cutoff point is a much more useful clinical tool, and one that can be used with confidence.

Pronated foot type and dynamic overpronation have long been thought to contribute to
higher loads in the kinetic chain and therefore to higher rates of injury(Bates 1985). Various
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kinematic analyses have investigated lower limb loads, in association with pronation rate
and amplitudes with various results that are beyond the scope of this paper. (Lee 2009,
Raissi 2009, Lee and Hertel 2012, Loudon and Reiman 2012). Irrespective of the consensus
or otherwise of these papers, pronated foot type was not found to be associated with MTSS
in this meta-analysis. Whilst the navicular drop test and the Foot Posture Index have
demonstrated good intertest reliability independently of each other,(Picciano, Rowlands et
al. 1993, Cornwall 2008), the correlation between these two methods has not been
established. Both are measures of pronation, but only navicular drop appears to be a useful
predictor in MTSS. It may be important that the medial longitudinal arch control systems,
both passive and active, need to be isolated from calcaneal and subtalar systems to enable
further understanding of these relationships.(Hargrave 2003, Billis 2007, Bandholm 2008,
Rathleff 2011, Lee and Hertel 2012).

Increased BMI was significantly associated with development of MTSS. However, the effect
size was small. This finding could mean that the heavier impact loads that are likely to be
associated with increased BMI are a factor, or that deconditioning plays a part. Fitness data
for these participants were not included in the papers, but would be a useful addition to
further studies in this area. The mean BMI values in these papers and the ranges, where
reported, do not suggest that these participants were anything but within the normal range.
Further investigation of fitness, bone/fat/muscle ratios, and MTSS prevalence is needed.
Low BMI of <18.5 was not found to be a significant risk factor for MTSS in this metaanalysis.

Increased or decreased range of motion of dorsiflexion can be confidently ruled out as a risk
factor for the development of MTSS. While tightness of plantar flexors is often a feature of
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MTSS sufferers, it is likely an effect of the condition and not a cause. Stretching of
gastrocnemius and soleus is commonly advised for runners to avoid injury, because
improvements in range of motion at the ankle are thought to assist the absorption of impact
loads. Whether stretching is useful in either the treatment or prevention of MTSS is beyond
the scope of this paper.

Historical risk factors
Fewer years of running experience was significantly related to the development of MTSS.
Conditioning of neuromuscular and bone adaptation systems is clearly important within
current understanding about the pathology of MTSS(Yeung and Yeung 2001, Franklyn
2008, Franettovich 2010, Rathleff 2011, Newsham, Beekley et al. 2012). Previous studies
have shown that the recovery time from MTSS is generally long. This is best illustrated in a
randomized controlled trial by Moen et al, which revealed that recovery to the level of
presymptomatic running volumes took 6–10 months for the majority of sufferers.(Moen
2012) Determination of cutoff values for running experience and MTSS risk are needed for
further clarification. The effect of preconditioning programs for reducing injury in runners
has not yet been established; however, a randomized controlled trial has shown that a 4week program is insufficient.(Bredeweg 2012) Data on the volume and intensity of training,
and the nature of training surface, also need to be gathered as qualifiers to help understand
what constitutes an optimal time for positive adaptation. This risk factor is probably the
most modifiable and therefore the most important to investigate and understand in more
detail. Standardization of data is important here and should include frequency, distance, and
speed as a minimum for future comparisons.(Nielsen 2012)

66

Prior use of orthotics was found to be a highly significant risk factor for developing MTSS.
The effect size was large. Examining the relationship between orthotic use and subsequent
development of MTSS necessitates consideration of what orthotics do. Kinematic effects
(Abdallah and Radwan 2011), neuromuscular pattern effects (Garth and Miller 1989, Mills
2010, Newsham, Beekley et al. 2012) and shock attenuation effects (Hargrave 2003,
McMillan and Payne 2008) of orthotics are not well understood. Orthotics are commonly
prescribed to correct or support a foot that has been deemed to be in less than optimal
alignment but their role in prevention and intervention is unclear according to a recent
systematic review(Richter, Austin et al. 2011). Our analysis suggests their use is a causative
risk factor and therefore they are not useful for prevention. The mechanism of this effect is
unclear. It could be a result of deconditioning of the lower limb or foot musculature, but no
study has detected weakness or lack of muscular endurance to be a risk. If orthotics have a
shock attenuation effect it may be that the tibial bone is not loaded sufficiently for adequate
adaptation to occur. At least 25% of the participants included in this meta-analysis had been
prescribed orthotics prior to developing MTSS. The orthotic materials, designs, and nature
of corrections are not specified in the papers used for the current analysis. A recent
systematic review with meta-analysis (Mills 2010) highlights the complexity and variability
of orthotic effects in the domains of shock attenuation, kinematics and neuromuscular
control. Design and material properties, as well as history of injury, will influence the effect
of orthotics. For example Mills et al found that in uninjured subjects, only a posted-molded
orthotic had a positive shock attenuation effect(Mills 2010). Peak rearfoot eversion was
reduced by orthotics, but only if the orthotics were nonmolded and only in uninjured
subjects. Further, orthotic use was associated with increases in electromyographic activity of
tibialis anterior and peroneus longus by between 19% and 37% of maximal voluntary
contraction with no increase in soleus or tibialis posterior activity, but these effects were
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different depending on injury status. Without knowledge of orthotic types involved in each
of the meta-analysis papers, application of these findings to the present study is not possible.

There was a large and significant effect linking a previous history of MTSS to the
development of repeat occurrence of MTSS. Either the causes of MTSS are persistent
because they are intrinsic, or the effects of MTSS are resistant to change. Magnusson et al
found residual evidence of bony demineralization in MTSS sufferers for up to 8 years after
an episode (Magnusson 2003). Myofascial structures tend to heal more rapidly than bone or
entheses (Menetrey 2000, Bailon-Plaza and van der Meulen 2003) and this lends weight to
the theory of failed bone healing in MTSS. This is a nonmodifiable risk factor that endorses
the need to focus on strategies to prevent MTSS from developing.

Gender related risk factors
The risk factors for developing MTSS have previously been shown to differ between
genders.(Buist 2010) In this paper, increased external rotation ROM of the hip was found to
be a significant predictor of MTSS, but only in males. Both of the relevant papers in this
analysis used passive hip ROM measures with the hip in 90 degrees of hip flexion. It is
currently unclear how motion measured in this way is related to running postures. There are
known and significant differences between both active and passive external rotation ROM
measures taken at 90 degrees of hip flexion versus those taken at 0 degrees flexion.(Ellison,
Rose et al. 1990, Luttgens and Hamilton 1997, Simoneau 1998, Ferber, McClay Davis et al.
2003). There is no reported consistent difference in hip external rotation ROM between
males and females; however, earlier lumbopelvic movement in men when performed
actively has been identified.(Gombatto 2006). It is possible that the passive ROM of hip
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external rotation may lead to an altered movement pattern in running that is specific to
males. Hip muscle activation patterns have been found to influence impact loads
distally.(Ferber, Hreljac et al. 2009).

Females are at significantly greater risk of developing MTSS than males. A number of
studies have investigated gender-related differences in running kinematics (Ferber, McClay
Davis et al. 2003, Chumanov, Wall-Scheffler et al. 2008). These studies have shown female
runners to have greater knee abduction at heel contact, decreased knee flexion, increased
peak internal rotation of the hip, and increased femoral adduction. These variables appear to
fit a pattern associated with MTSS sufferers as well as anterior cruciate ligament injury and
patellofemoral pain syndrome, but none of these variables were able to be included in this
meta-analysis. (Loudon and Reiman 2012). Kinematics may also be influenced by hormonal
status and phase (Park 2009). Further studies need to investigate female kinematics
prospectively for an association with MTSS and to incorporate gender as a covariate in the
study design.

Female athletes typically have later onset of menarche, and female runners suffer more
commonly from menstrual disturbance than the general population. The latter feature has
been associated with lower bone mineral density (Khan 2001) but not consistently in the
tibia. It is possible that female runners are at risk of MTSS if they are starting from a lower
base amount of bone density. Bennell et al in a prospective study of 53 female athletes,
found age of menarche, menstrual disturbance, lower bone mineral density, leg length
discrepancy, less lean mass of the shank, and a lower fat diet were significant risk factors for
stress fracture in females. None of these risk factors were predictive in males.(Bennell
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1996). Further prospective analysis of these risk factors in females who develop MTSS is
warranted.
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A Continuum Theory of Pathogenesis of MTSS
The factors addressed in this review can be linked in a model that combines the factors with
processes that represent a continuum of increasing risk of developing MTSS (Figure 2.12).
Many of these processes (“the unknowns”) are yet to be supported by prospective evidence.
The mechanism by which these risk factors influence the development of MTSS remains
unclear.

Cohort studies have identified altered kinematics in MTSS sufferers, which may partly
explain the link between previous history of MTSS and future MTSS, but to date no
prospective trial has identified a specific kinematic risk factor.

The contributions and interrelationships between popliteal artery entrapment syndrome,
chronic exertional compartment syndrome, stress fracture, and MTSS are also unclear, yet
clinically they can coexist. This model may provide a visual representation of where further
research may focus.

CONCLUSION
Female gender, a previous history of MTSS, fewer years of running experience, orthotic use,
increased BMI, an increased navicular drop, and increased external rotation hip ROM in
males are all significantly associated with an increased risk of developing MTSS in runners.
The mechanism by which these risk factors influence the development of MTSS remains
unclear.
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Implications for practice
Runners who have combinations of risk factors identified in this paper should be advised to
minimize their total impact loads whilst attempting to modify their risk. For example, a
runner with a history of MTSS and who has navicular drop >10 mm should be closely
monitored in building their running, until they have survived long enough to have a “lowrisk” volume of running established. This precaution is enhanced if they are female or have
high hip external rotation range as a male

Implications for further research
The suite of variables identified in this review needs to be tested in a prospective trial to see
if the calculated risks are confirmed. A large field study of these variables is needed to build
a predictive model and algorithm, and to establish cutoff values for the various factors.
Future studies should analyze males and females separately, given that risk factors vary by
gender.
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CHAPTER 3 TWO SIMPLE CLINICAL TESTS FOR PREDICTING ONSET OF
MEDIAL TIBIAL STRESS SYNDROME – SHIN PALPATION TEST AND SHIN
OEDEMA TEST
Aim 2. To investigate the utility of predictive screening tests for MTSS.

ABSTRACT

INTRODUCTION

METHODS

RESULTS

DISCUSSION

CONCLUSION
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The work covered in this chapter has been
Published as:
• Newman, P., R. Adams, and G. Waddington, Two simple clinical tests for predicting
onset of medial tibial stress syndrome: shin palpation test and shin oedema test.
British Journal of Sports Medicine, 2012. 46(12), 861-864 Appendix C
• Two simple clinical tests for predicting onset of medial tibial stress syndrome: shin
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TWO SIMPLE CLINICAL TESTS FOR PREDICTING ONSET OF MEDIAL
TIBIAL STRESS SYNDROME: SHIN PALPATION TEST AND SHIN OEDEMA
TEST

ABSTRACT
Objective
To examine the relationship between two clinical test results and future diagnosis of MTSS
in personnel at a military trainee establishment.

Design
Data from a pre participation musculoskeletal screening test performed on 384 Australian
Defence Force Academy Officer Cadets were compared against 693 injuries reported by 326
of the Officer Cadets in the following 16 months. Data was held in an Injury Surveillance
database and analysed using Chi square and Fisher’s Exact tests, and Receiver Operating
Characteristic Curve analysis.

Main outcome measure
Diagnosis of MTSS, confirmed by an independent blinded health practitioner.

Results
Both the palpation and oedema clinical tests were each found to be significant predictors for
later onset of MTSS. Specifically: Shin palpation test odds ratio 4.63, 95% Confidence
Interval 2.5-8.5, Positive Likelihood Ratio 3.38, Negative Likelihood Ratio 0.732, Pearson
Chi sq p<0.001; Shin oedema test odds ratio 76.1 95% Confidence Interval 9.6- 602.7,
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Positive Likelihood Ratio 7.26, Negative Likelihood Ratio 0.095, Fisher’s Exact p<0.001;
Combined Shin Palpation Test and Shin Oedema Test Positive Likelihood Ratio 7.94,
Negative Likelihood Ratio <0.001, Fisher’s Exact p<0.001. Female gender was found to be
an independent risk factor (odds ratio 2.97, 95% Confidence Interval 1.66-5.31, Positive
Likelihood Ratio 2.09, Negative Likelihood Ratio 0.703, Pearson Chi sq p<0.001 ) for
developing MTSS.

Conclusion
The tests for MTSS employed here are components of a normal clinical examination used to
diagnose MTSS. This paper confirms that these tests and female gender can also be
confidently applied in predicting those in an asymptomatic population who are at greater
risk of developing MTSS symptoms with activity at some point in the future.
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INTRODUCTION
Medial Tibial Stress Syndrome (MTSS) is a common and debilitating condition associated
with running and walking activities. Athletes, soldiers and recreational sports participants
who run can be affected, with between 3% and 35% of this population developing the
condition at any one time. (Thacker 2002, Moen 2009) According to Australian Defence
Force data (Defence Injury Prevention Program 2001-2007) of all reported injuries in
Defence 3.2% have a diagnosis of MTSS. At the Australian Defence Force Academy 15.4%
of trainees develop MTSS, and 53% of these injuries occur in the first year officer cadets.
Training for these officer cadets includes distance running, drill parades, training for various
sports, various weekend sports competitions, and adventure training which may include
loaded marching or running. A large proportion of this training involves impact of the lower
limb, on various surfaces and in various types of footwear (combat boots, dress of the day or
parade shoes or running shoes).

The typical symptoms of MTSS are described by Yates and White(Yates and White 2004)
as follows “…pain along the posteromedial border of the tibia that occurs during exercise,
excluding pain from ischaemic origin or signs of stress fracture”. Diagnosis is made when a
subject reports pain along the posteromedial border of the tibia that occurs during exercise,
and on examination there is palpable tenderness within the posteromedial musculature and
bone-muscle interface(Batt). There may be pitting oedema present on sustained palpation of
the medial border of the tibia. Bone scans, X-ray, Doppler US and compartment pressure
tests are used to differentiate MTSS from compartment syndrome, popliteal artery
entrapment syndrome and frank stress fracture. The syndrome is thought to include
periostitis, bone stress and/ or musculotendinous breakdown, although there is conflict in the
literature as to which of these elements is most consistently a source of pain, with the weight
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of literature appearing to favour bone stress reaction. (Magnusson 2001, Magnusson 2003)
The adaptive capacity of bone in response to loading through mechanical stimuli has long
been understood and described (Wolff’s Law)(Wolff 1986, Craig 2008).

Bone stress, particularly bending moments, generates electrical potentials across bone tissue.
This piezoelectric effect is thought to influence the cellular activity determining resorptive
and depositional processes.(Downey and Siegel 2006) The piezoelectric effect generated in
running could therefore result in a net resorption of bone at the point of tenderness in MTSS.
Another theory is that it is mechanical disturbance of apatite crystals within the bone matrix
that results in higher solubility of apatite and consequently alteration of local calcium
concentrations.(Downey and Siegel 2006) Changes to calcium concentrations are thought to
influence resorption and deposition rates at the cellular level.(Downey and Siegel 2006)
Flexor muscles of the foot, toes and ankle also have some attachment here and likely add to
loading of the bone-muscle interface. Measurable reductions in bone density at the site of
injury can be present for up to 7 years post onset of symptoms.(Magnusson 2003) Left
untreated the condition can progress to full stress fracture.(Milgrom, Giladi et al. 1985, Beck
1998) Symptomatic recovery times for MTSS range greatly but tend to range from 4 weeks
to 18 months, with many sufferers having recurrence of episodes, adding to the costs and
inconvenience of MTSS. Based on the injury surveillance system and the medical
employment classification downgrades for MTSS it is estimated that mean days lost due to
incapacity from MTSS at the Australian Defence Force Academy is 57.5 days per
individual. The salary related cost to the Defence force is $5,408 per injury for a first year
Officer Cadet or trainee ($34,327 yearly salary of trainee, not including health related
costs)(Defence 2010).

80

Whilst age, female gender, lean calf girth, pronated foot type, increased hip rotation,
previous history of injury and increased Body Mass Index, muscle strength and running
technique have all been proposed as intrinsic risk factors for the development of MTSS,
there is a lack of consensus about their contribution(Batt and Batt , Thacker 2002, Burne
2004, Craig 2008, Moen 2009). According to a systematic review by Thacker et al (2002)
there is also little evidence to support any particular intervention aimed at preventing
development of MTSS(Thacker 2002). Given these difficulties it is important to determine if
there are any potential markers that may identify individuals in a pre-symptomatic stage of
the condition.

The Australian Defence Force Academy and its supporting medical facilities conduct injury
surveillance of Australian Defence Force Academy Officer Cadets, and implement preparticipation musculoskeletal screening prior to commencement of the winter sports season.
Two of the screening measures used in this pre-participation musculoskeletal screening were
designed to address the problem of MTSS at Australian Defence Force Academy. The
present study compares results from these 2 clinical tests against reports of injury in the
following 16 months.

METHODS
Ethics approval was obtained from the Australian Defence Human research Ethics
Committee (ADHREC) 580-10 and from the University of Canberra Committee for Ethics
in Human Research 09-134 for the conduct of this research.

Physiotherapists with a minimum of 2 years experience (mean 13.75 years)
conducted the testing as part of a wider battery of orthopaedic and functional testing in the
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form of a pre-participation musculoskeletal screening. The time taken for the shin testing
was approximately 30 seconds.
The screening tests for MTSS involved;

Shin Palpation Test (SPT)
Palpation of the distal 2 thirds of the posteromedial lower leg including the posteromedial
border of the tibiae and associated musculature bilaterally. (Figure 3.1) Any report of pain
was recorded as ‘pain present’. The physiotherapists were instructed to use their fingers in
palpation with enough pressure to squeeze out a wet sponge.

Figure 3.1 Shin Palpation Test (SPT) Palpation of the distal 2 thirds of the posteromedial lower leg
including the posteromedial border of the tibiae and associated musculature bilaterally.
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Shin Oedema Test (SOT)
Sustained palpation (5 second hold) of the distal 2 thirds of the medial surface of the tibiae
bilaterally was conducted and any signs of pitting oedema were recorded. (Figure 3.2)

Figure 3.2 Shin Oedema Test (SOT) Sustained palpation (5 second hold) of the distal 2 thirds of the
medial surface of the tibiae bilaterally was conducted and any sign of pitting oedema were recorded

Officer Cadets with an existing injury or medical restriction were not included in the
testing. Injury surveillance was collected via 3 different health centres when Officer Cadets
presented for medical assistance over the 16 months following the screening test. The injury
surveillance involved a self-report of the circumstances surrounding the injury along with a
health practitioner’s (doctor, nurse or physiotherapist) report detailing the diagnosis, any
initial treatment and any activity restrictions. Treating health practitioners were not aware of
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specific pre-participation musculoskeletal screening results from the earlier screening. All
injuries on the injury surveillance database involving the cohort who participated in the preparticipation musculoskeletal screening were collated for analysis and those with a diagnosis
of MTSS were identified. Consequent to a diagnosis being made by a doctor or
physiotherapist some individuals had further investigations as indicated (bone scans,
pressure tests, MRI, CT) to exclude other sources of symptoms.

RESULTS
Pre Participation Musculoskeletal Screening Testing
384 first year Australian Defence Force Academy Officer Cadets (96 female and 288 males)
aged 17-19 years of age were screened with the pre-participation musculoskeletal screening
test.

76 individuals reported shin pain on palpation of one or both legs, and 12 individuals were
found to have pitting oedema on one or both legs, 11 individuals had both shin pain on
palpation and pitting oedema, 1 had pitting oedema alone.(Table 3.1)

Table 3.1 . Frequencies for each test variable in those who subsequently developed MTSS and those
who did not
Shin Pain
Yes

Shin Oedema

Shin pain and Oedema

No

Yes

Yes

No

No

Yes

26

31

11

47

11

47

No

50

276

1

325

0

326

Later diagnosis of MTSS
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Injury Surveillance data
The injury surveillance database for this cohort recorded 693 injuries involving 326
individuals over a period of 16 months following screening. Seven individuals reported a
previous diagnosis of MTSS prior to the test (average time since diagnosis was 140 days
prior to testing). There were 58 individuals who had a specific diagnosis of MTSS injury on
the injury surveillance database, (32 males (11% of male group), 26 females (27% of female
group). 4 of these individuals had 2 separate episodes of MTSS, 1 individual had 3 episodes
of MTSS, resulting in 64 cases of MTSS. Mean days from testing to developing symptoms
of MTSS was 147.3 days (range 0-490, median 181). The t-tests undertaken between those
diagnosed with MTSS who had positive shin tests and those that did not, found no
significant difference between groups in days to onset of the condition (p=0.415).

Data was analysed using Receiver Operating Characteristic curve analysis and Chi square
analysis, or, where expected cell frequencies were less than 5, Fisher’s exact test. The Shin
Palpation Test (SPT) and the Shin Oedema Test (SOT) were analysed both separately for
each gender and with all combined.

A positive SPT was found to be a highly significant predictor for future onset of MTSS.
Those who tested positive on this test were 4.63 times more likely to develop MTSS
symptoms at some point in the following 16 months (Table 3.2)
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Table 3.2 Odds ratios and likelihood ratios for developing MTSS, for each test and combined tests, for
each gender
All

Female

Male

4.63

2.69

5.57

Shin Palpation
test

Odds Ratio
p value

<0.001 (Chi Sq)

<0.001

<0.001

95% Confidence Interval

2.54-8.45

1.02-7.06

2.55-12.16

Positive Likelihood Ratio

3.38

1.97

4.2

Negative Likelihood Ratio

0.732

0.734

0.754

Odds Ratio

76.1

∞

47.22

<0.001

<0.001

<0.001

Shin Oedema
test

p value
95% Confidence Interval

9.60-602.72

5.32-419.17

Positive Likelihood Ratio

7.26

4.5

8.7

Negative Likelihood Ratio

0.095

<0.001

0.184

∞

∞

∞

<0.001

<0.001

<0.001

Positive Likelihood Ratio

7.936

4.5

10.48

Negative Likelihood Ratio

<0.001

<0.001

<0.001

Shin pain and
oedema test

Odds Ratio
p value
95% Confidence Interval

The Shin Oedema Test (SOT) was also strongly predictive of future onset of MTSS
symptoms at some point in the following 16 months (Table 3.2). Those who tested positive
on this test were 76.1 times more likely to develop MTSS.

The odds ratio for the combined variables of SOT and SPT could not be calculated because
there were no subjects with both a positive SOT and SPT combined who did not develop
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MTSS (Table 3.2). To obtain an estimate of the odds ratio, one person in this category was
assumed, and the Odds ratio thus obtained was 76.3, 95% Confidence Interval 9.6-604.5,
Positive Likelihood Ratio 7.936, Negative Likelihood Ratio <0.001, Fisher’s Exact p<0.001.
When each gender was analysed separately for each of the test variables and test variable
combinations there were insufficient numbers to calculate an odds ratio for SOT in females,
SOT+SPT in females and SOT+SPT in males however the Fisher’s Exact test results were
all significant (p<0.001). The odds ratios for SPT in females, SPT in males, and SOT in
males for developing MTSS symptoms could be calculated and were all significant.(Table
3.2)

Receiver Operating Characteristic curve analysis was performed to assess the discriminative
ability of the combined variables of SPT, SOT and female gender.
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Figure 3.3 Receiver Operator Characteristic curves for different predictor variable combinations in
relation to developing symptomatic MTSS. The reference line represents chance level prediction of
MTSS. An increase in Area under the Curve represents an increased ability of the tests to predict
developing symptomatic MTSS.

DISCUSSION
The tests for MTSS employed here are components of a normal clinical examination used to
diagnose MTSS. Testing positive to these tests and reporting symptoms of medial tibial pain
with activity are diagnostic of the condition. This paper confirms that these tests are also
useful in predicting those who are at greater risk of developing MTSS symptoms with
activity at some point in the future.

In this study the tests were identifying pathology which had not yet become symptomatic
with activity, and on average did not become symptomatic with activity for another 5-6
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months after testing. The t-tests undertaken between those diagnosed with MTSS, who had
positive shin tests and those that did not, showed no significant difference between groups in
days to onset of the condition (p=0.415).

On testing, shin oedema is found less frequently than shin pain, but its presence is highly
predictive of subsequent MTSS. Some individuals had shin pain to palpation at the time of
testing yet did not develop symptomatic MTSS. It is probable that these individuals
conditioned or adapted so as not to develop overt symptoms. A negative shin oedema test
virtually rules out the chance that a patient will develop MTSS symptoms with activity.
(Negative Likelihood Ratio All 0.095, Table 3.2)

Physiologically, there are a number of potential causes of lower leg pitting oedema;
disturbance of the lymphatic system in response to disease or restriction or trauma;
peripheral vascular disease; congestive cardiac failure; local tissue trauma; cellulitis; or
peripheral venous congestion following exertion. In MTSS the oedema is isolated to the
distal third of the medial border of the tibia and most commonly coincides with local pain. It
is possible that the thickened exudate in MTSS is a byproduct from periostial or bone stress
inflammatory reaction. In the current study, only one Officer Cadet had oedema without
pain. When the SOT is combined with the SPT, this combination of tests adds predictive
power to the model (Figure 3.3).

An analysis of the SPT and SOT in each gender group showed that both tests were better
predictors in males who develop MTSS than in females who develop MTSS (Table 3.2),
which may be explained by previous studies that have suggested female gender is an
independent risk factor for MTSS. This study concurs, in that females were 2.97 times more
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likely (p<0.001 95% Confidence Interval 1.66-5.31) to develop MTSS as compared to
males, who were 1.5 times less likely to develop the problem (Odds Ratio 0.34, p<0.001
95% Confidence Interval 0.20-0.68).

Table 3.3 Ability of variable combinations to predict development of MTSS expressed as AUC values

Variable combinations for predicting MTSS

95% Confidence limits for
AUC

Area under
the Curve

p value

Lower limit

Upper limit

Shin Palpation Test

0.647

<0.001

0.564

0.731

Shin Palpation Test + Shin Oedema Test

0.661

<0.001

0.575

0.747

Shin Palpation Test + Shin Oedema Test + Female

0.720

<0.001

0.643

0.796

MTSS, medial tibial stress syndrome; AUC, area under curve

It is possible that gender is a proxy variable for an anthropometric variable such as lean calf
girth. Burne et al, 2004 found that in an Australian Defence Force Academy first year cohort
lower lean calf girth was a significant predictor of exertional medial tibial pain rather than
gender. It is possible that individuals with higher mean calf girth have a greater load bearing
capacity and so are less likely to go on to develop MTSS. This hypothesized relationship
needs further investigation.
A weighted variable combining female gender, SPT and SOT was found to be the best
predictor for future onset of MTSS (Figure 3.3). Individuals identified as at risk would likely
benefit from modification of their training loads in order to mitigate against development of
symptoms and associated morbidity.(Thacker 2002) Interventions such as the use of impact
absorbing inner soles, stretching, bracing, electrotherapies and soft tissue massage still lack
supportive evidence.(Thacker 2002, Thacker 2004, Shaffer and Uhl 2006)
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CONCLUSION
The SPT and SOT are significant predictive tests for identifying individuals who are at risk
of developing MTSS. Clinical prediction based on these tests, and female gender can be
confidently applied as an early indication for future onset of MTSS in military trainees.
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What this study adds:
2 simple clinical tests that predict those at greater risk of developing MTSS
A basis for further development of clinical prediction rules for MTSS
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CHAPTER 4 RELIABILITY OF CLASSIFYING FOOTSTRIKE AND KNEE
VALGUS IN RUNNING GAIT USING REAL TIME OBSERVATION OR
FREEZE FRAME VIDEO ANALYSIS

PRELUDE
This chapter is based on a paper submitted for publication to the journal, Physical Therapy
in Sport. The paper is currently under review. The document is presented here in the format
submitted to the journal.

The paper was a component of a larger project looking at the effects of running modification
in a group of military recruits. Due to the large numbers of recruits involved (350), and the
physical environment where data collection was to occur, there was need to determine the
reliability of a field based method of classifying and evaluating running gait. Reliability of
running technique classification outside of a laboratory environment has not been clearly
determined. The findings are important to a wider audience as running technique
modification is advocated in the management of MTSS and other running related injuries
(Appendix J).

Aim 3 To investigate the reliability of running technique classification using clinic based
methods.
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ABSTRACT
BACKGROUND

METHODS
Participants
Footstrike
Knee Valgus

RESULTS
Footstrike
Knee Valgus

DISCUSSION
Footstrike
Knee Valgus

CONCLUSION

The work covered in this chapter has been
Submitted for publication as:
•

Newman, P., R. Adams, and G. Waddington “Real time observation of runners
compared with freeze frame video analysis for reliability of classifying footstrike and
knee valgus in running gait” Physical Therapy in Sport submitted February 2016
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REAL TIME OBSERVATION OF RUNNERS COMPARED WITH FREEZE
FRAME VIDEO ANALYSIS FOR RELIABILITY OF CLASSIFYING
FOOTSTRIKE AND KNEE VALGUS IN RUNNING GAIT

ABSTRACT
Objectives
To determine reliability of footstrike and knee valgus classification in runners, using real
time observation and freeze-frame video, at two running speeds.

Design
Reliability Study

Setting
University research centre

Participants
8 raters of various experience classified 12 runners.

Main Outcome Measures
Footstrike and knee valgus have been associated with running injuries. Several authors
advocate changing technique to manage running injuries, with change determined by real
time observation methods. The study evaluates the reliability of classification by real time
observation compared with freeze frame video analysis. Participants jogged then sprinted
past 4 raters side-on and 4 raters front-on, with 2 fixed video cameras positioned side-on and
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front-on. At each trial, raters were asked to classify each runner’s footstrike (side–on) or
knee valgus (front-on). Footstrike and knee valgus was objectively determined from video
using freeze frame and digital ruler software.

Results
Weighted Kappa values indicated “moderate” non significant inter-rater reliability for visual
classification of footstrike at both speeds; Inter-rater Kappa reliability for raters determining
knee valgus was “fair” and non-significant.

Conclusion
Evaluation of footstrike or knee valgus using real time observation is not acceptably reliable
for classifying runners or for evaluating running technique interventions whereas freeze
frame video analysis is.
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BACKGROUND
Running for exercise continues to grow in popularity internationally, however injury
incidence rates up to 79% have been reported (van Gent, Siem et al. 2007). Modification of
running technique is a growing area of focus for researchers, clinicians, coaches and athletes
looking for better management strategies for running related injuries(Taunton, Ryan et al.
2002, Eriksson, Halvorsen et al. 2011, Wouters, Almonroeder et al. 2012, Agresta 2015,
2015). To this end, particular attributes or variables of the running action that are believed to
be important to modify for injury prevention have been highlighted. Some trade mark
methods of instruction (eg. PoseTM, Chi Running R) have been developed to guide this
process. Trunk angle, sagittal plane and coronal plane hip angles, genu valgus and varus,
femoral torsion, rate and range of pronation, and footstrike pattern are all examples of
variables identified for attention. Kinematic and kinetic variables have been shown to vary
significantly with running posture (Cowan, Jones et al. 1996, Taunton, Ryan et al. 2002,
Eslami, Begon et al. 2007, Lieberman, Venkadesan et al. 2009, Franettovich 2010,
Carvalho, Junior et al. 2011, Shih, Lin et al. 2013). Perceived deficits or extremes in these
postural variables have been proposed to be involved in a range of lower limb injuries such
as tendinopathy, patellofemoral syndrome, chronic exertional compartment syndrome
(CECS) and Medial Tibial Stress Syndrome (MTSS)(Galbraith and Lavallee 2009, Rathleff
2011, Yuksel, Ozgurbuz et al. 2011, Diebal, Gregory et al. 2012)

Running technique interventions rely on several assumptions; that running technique
variables can be reliably distinguished or categorised; that optimal running technique is
determinable; that bad technique is a known and consistent cause of injuries; and that good
technique is a known or logical management for injuries. In order for the debates about
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running pedagogy to move forward, these assumptions about running need to be tested
systematically and prospectively (Heiderscheit 2011).

Accordingly, the authors sought to determine the reliability of a practical, field-based
method for classifying footstrike and knee valgus in a group of runners within an indoor
stadium, and to determine the reliability of real time observation of footstrike and knee
valgus.

Clinical gait analysis is commonly carried out by simple observation and/or examination of
video, with the performer in a clinic corridor or on a treadmill, but usually without
synchronized cameras, EMG, and force platforms. Recent papers have advocated the use of
real time observations for modification of running technique (Eriksson, Halvorsen et al.
2011, Agresta 2015, 2015, JOSPT 2015) reporting that feedback based on real time
observations is effective in altering gait patterns. Some reliability of observational measures
of walking gait has been reported in the literature (Krebs, Edelstein et al. 1985) but not for
real time observation of running gait. Some studies have reported the reliability of
classifying these variables in laboratory settings using instrumented methods involving
video, reflective markers, biofeedback devices and force platforms (Diss 2001, Altman and
Davis 2012, Giandolini, Poupard et al. 2014), however the present study aims to evaluate the
reliability of determination of footstrike and knee valgus using visual estimation in a clinical
setting using observational methods.
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METHODS
Participants
Twelve participants volunteered [students at university, age range 18-35, coached and
uncoached runners, with no current injuries] for the reliability trial and agreed to jog at their
own pace, on a 30 metre track, past a video camera [Canon Legria FS21 50fps], and 4 raters
twice and twice at sprinting pace. The camera was mounted on a platform 15cm from the
floor and at the midpoint of the track. The four raters also made their observations from
approximately the midpoint of the track. The raters had mixed experience in movement
analysis with a range of formal qualifications relevant to the study; physiotherapy students
in their final year (7), registered physiotherapist (1), exercise therapists (4), running coaches
(2).

Footstrike
All raters were asked to classify each runner as a forefoot striker (FFS), midfoot striker
(MFS) or rearfoot striker (RFS). Footstrike classification was defined as per Hasegawa et al
(Hasegawa, Yamauchi et al. 2007) where FFS was defined as “a footstrike in which the
point of the first contact of the foot with a ground was the forefoot or front half of the sole
and in which the heel did not have any contact at the footstrike”, MFS as “a footstrike in
which the point of the first contact of the foot with the ground was not only the rear third of
the sole but the midfoot or entire part of the sole”; and RFS was defined as a footstrike in
which the point of the first contact of the foot with the ground was the heel or rear third part
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of the sole only and in which the midfoot or forefoot portion did not have any contact at
footstrike”.

All participants completed 2 jogs and 2 sprints, then 30 minutes later they repeated the
procedure, in randomized order. Each examiner was blinded to each other’s assessment and
to their own prior assessment from the previous trials by use of separate recording sheets.
Additionally, measurements of foot angle at point of impact were made using freeze frame
video and digital ruler measurement [MB-Ruler v5.3]. Angles were measured from the
rearmost, inferior point of the heel and the line of best fit to the metatarsal base. Point of
impact was determined by selecting the frame where there was no visible gap between the
shoe and the floor. This was repeated for each speed and each trial whilst maintaining
blinding of previous results.

Knee Valgus
4 additional raters stood at one end of the running track, where there was another camera
mounted on a platform 30cm from the floor so that front-on observations were made
simultaneously with the side-on observations of running footstrike. Participants wore
adhesive tape line markings over the anterior crest of the tibia, with another tape marker
bisecting the thigh. The four raters were asked to classify each runner’s knee valgus at
midstance by observing the angle formed by the 2 lines of tape. Classifications were: Genu
varus (GVR)- the thigh angled laterally relative to the tibial crest, Neutral (GN)- the thigh
was aligned with the tibial crest; Genu Valgus (GVL)- the thigh angled medially relative to
the tibial line.(Figure 4.1). Knee valgus classification was also determined using freeze
frame video and digital ruler software.
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Figure 4.1 Three different runners showing the knee angles; left-Genu Varus (GVR), centre-Genu Neutral
(GN) right- Genu Valgus (GVL).

Percent close agreement (PCA) and percent exact agreement (PEA) between raters were
calculated by constructing a numeric scale for footstrike classification where FFS=1 MFS=2
and RFS=3; and for knee valgus classification where GVL=1, GN=2, GVR=3. Close
agreement was defined as a difference of 1 or less between raters on the scale. Exact
agreement was defined as a difference of 0 between raters. The numeric difference between
each rater’s estimate and the freeze frame video was also obtained. The mean of the
differences for each rater across all participants was calculated and expressed as a
percentage of trials.
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While percent agreement statistics are a simple frequency based analysis commonly reported
in the literature, weighted Kappa is a reliability statistic that is corrected for chance
agreement and considered a better indicator of true agreement for categorical reliability
studies(Sim and Wright 2005). Therefore the intra-rater and inter-rater reliability was also
calculated using weighted Kappa for both footstrike classification and for knee valgus
classification. The descriptors of Landis & Koch (Landis and Koch 1977)for interpretation
of Kappa were used: <0=Less than chance agreement; 0.01 to 0.20 Slight agreement; 0.25 to
0.40 Fair agreement; 0.41 to 0.60 Moderate agreement; 0.61 to 0.80 Substantial agreement;
0.81 to 0.99 Almost perfect agreement. A lower bound value for acceptable weighted kappa
scores was set at 0.4.

RESULTS

Footstrike
The freeze frame video analysis at jogging pace showed 10 participants as RFS (83.3%), 1
MFS (8.3%) and 1 FFS (8.3%) with complete agreement between trials. The freeze frame
video analysis method at sprint speed over two trials indicated FFS (4 and 4; 33.3%), MFS(3
and 4;25%-33.3%), RFS (3 and 3; 25%). Over the two trials, some participants (2 and 1;
16.7%-8.3%) were not able to be categorized uniquely due to variable footstrike stride to
stride or variation between sides across the two trials (Table 4.1)
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Percent Close Agreement (PCA) between raters for classification was 98.2% (95%CI =96.1100) at jogging speed and 95.3% (95% CI 90.0-100) at sprinting speed, indicating strong
agreement between raters in differentiating RFS from FFS.

Percent Exact Agreement (PEA) between raters was 63.3% (95% CI= 44.9-81.7) at jogging
speed and 41.9 % (95% CI= 44.9-81.7) at sprinting speed, indicating poor agreement in
differentiating MFS from FFS and MFS from RFS.

Table 4.1 Percent Close Agreement (PCA); Percent Exact Agreement (PEA) for ratings of footstrike at
each running speed

Speed
Jog
Sprint

PCA
sd
95%CI PEA
sd
95%CI
98.3
3.5
+/-2.2
63.3
29.7 +/-18.4
95.3
8.1
+/-5.0
41.9
15.8
+/-9.8

Inter-rater reliability using weighted Kappa was 0.56 (95%CI: 0.26 to 0.82) at jog speed and
0.59 (95%CI: 0.33 to 0.82) at sprint speed, indicating “Moderate agreement” between visual
observations and freeze frame video analysis.

Weighted Kappa values between the 4 visual raters were 0.55 (95%CI: 0.24 to 0.82) at jog
speed and 0.53 (95%CI: 0.25 to 0.80) at sprint speed, indicating “Moderate agreement”
between raters.

Intra-rater reliability at each speed using weighted Kappa ranged from 0.00 (95%CI: -0.21 to
0.21) to 1.00 for freeze frame video analysis. Weighted Kappa values are presented in
Figure 4.2.
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Figure 4.2 Footstrike- weighted Kappa coefficients for ratings made at each running speed. The interrater agreement coefficients are the first 2 data points on the left. The remaining data points are the
intra-rater agreement coefficients. The error bars show the 95% confidence intervals.

Knee Valgus
The freeze frame video analysis at jogging pace showed 9 participants as GN (75%), 2 GVL
(16.7%) and 1 GVR (8.3%) with complete agreement between trials. The freeze frame video
analysis method at sprint speed over two trials rated GN (2 and 4; 16.7-33.3%), GVL (0 and
2; 0%-16.7%), GVR (8 and 8; 66.7%).

In differentiating GVL from GVR, Percent Close Agreement (PCA) between raters was
98.3% (95%CI =96.1- 100) at jogging speed and 77.5% (95%CI =66.6-88.4) at sprinting
speeds indicating strong agreement between raters.
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For differentiating GN from GVR and GN from GVL, Percent Exact Agreement (PEA)
between raters was 77.5% (95% CI= 68.7-86.3) at jogging speed and 41.9 % (95% CI=
35.3-59.7) at sprinting speeds, indicating poor agreement. (Table 4.2)

Table 4.2 Percent Close Agreement (PCA); Percent Exact Agreement (PEA) for ratings of knee angle at
each running speed

Speed
Jog
Sprint

%PCA sd
95%CI %PEA sd
95%CI
98.3
3.5
+/-2.2
77.5
14.2
+/-8.8
77.5
17.6 +/-10.9
47.5
19.7 +/-12.2

Inter-rater reliability using weighted Kappa was 0.47 (95%CI: 0.22-0.75) at jog speed
indicating “moderate” agreement between visual observations and freeze frame video
analysis at jog speed. Inter-rater reliability using weighted Kappa was 0.09 (95%CI: -0.06 to
0.39) at sprint speed, indicating “Less than chance agreement” between visual observations
and freeze frame video analysis at sprint speed.

While the weighted Kappa values between the 4 visual raters were 0.44 (95%CI: 0.23 to
0.72) at jog speed, indicating “moderate agreement” between raters, Kappa was reduced to
0.01 (95%CI: 0.01 to 0.35) at sprint speed, indicating “Less than chance agreement”
between raters.

Intra-rater reliability at each speed using weighted Kappa ranged from -0.15 (95%CI: -0.74
to 0.47) to 1 at jog speed. Weighted Kappa values are presented in Figure 4.3.
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Figure 3- Figure 4.3 Knee Angle- weighted Kappa coefficients for ratings made at each running speed.
The inter-rater agreement coefficients are the first 2 data points on the left. The remaining data points
are the intra-rater agreement coefficients.
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DISCUSSION
Footstrike
The results indicate that clinic-based observations of running footstrike showed a high
percentage of close agreement, when raters were asked to differentiate FFS from RFS.
However, distinguishing MFS from RFS or MFS from FFS was done with relatively low
reliability and this worsened at sprint speeds. These data are consistent with previous
findings comparing two laboratory based methods of footstrike classification, where
comparisons were made between simple onscreen angle measurement to time delay between
peak heel and metatarsal acceleration (Diss 2001) (Altman and Davis 2012, Giandolini,
Poupard et al. 2014). In these studies, reliability was affected by method used and shod
versus unshod conditions. In the current study, as in the previous studies, misclassifications
arose in distinguishing the subtleties of a MFS with a tendency towards heel contact, a total
midfoot contact, and a MFS with tendency towards FFS. The angular differences between
each state may vary by only 2 or 3 degrees, which proved to create difficulties for reliable
classification.

In contrast to the present findings, a panel of 3 raters judging the footstrike of 1991
marathon runners using high speed video (240 fps) achieved inter-rater reliability (as percent
exact agreement) of 99.7% (Kasmer, Liu et al. 2013) compared with 63.3% in the current
study. They reported only 5 cases of disagreement (out of 1991 participants) and stated that
these disagreements were managed by applying a two thirds majority rule, also indicating
there was disagreement between only two classification categories. This result was in spite
of the fact that these authors used an additional fourth category of “split strike” to account
for variations between feet of individual runners. The higher percent agreement values
reported also may be due to the experience and training of the raters (which was not reported
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in the paper), higher speed video or possibly the extra category of classification. A camera
was positioned at 30 degrees to the perpendicular from the running path to enable capture of
a maximum number of participants who were often running side by side. It is unclear how
this angle of view may alter classifications either positively or negatively.

In our study, three trials were unable to be classified using 3 categories of discrimination
due to stride to stride or right to left differences. This problem has also been reported in
other studies which have assigned a further category of footstrike such as “asymmetrical”
(Larson, Higgins et al. 2011) or “Split Strike” (Kasmer, Liu et al. 2013). Accordingly, future
studies should incorporate a classification system that accounts for this variability.

Intra-rater reliability values obtained here span a wide range with correspondingly broad
confidence intervals (Figure 4.1). These values ranged from “fair” to “almost perfect”
(Landis and Koch 1977). As some raters maintained good reliability and tighter confidence
intervals, it is unlikely that variability between trials was a significant source of error.
Confidence intervals for examiner 1 and examiner 2 extend into negative values, indicating
that the obtained values were not significantly different from zero reliability. Examiner 4
was the most experienced observer here, and maintained the narrowest 95% confidence
interval. Familiarity and training via criterion reference tests would seem likely to be
important to ensure agreement is optimized between raters.

Benchmarks for appropriate levels of agreement are highly dependent on the context of
measurement. A weighted Kappa of 0 is fairly meaningless in most clinical situations where
agreement on a measure will usually be better than chance. In the context of classifying
runners into “good” versus “bad” styles, or “at risk” versus “not at risk”, thresholds for rater
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accuracy should be set relatively high (Sim and Wright 2005). Viewing our data from this
perspective, we conclude that only the freeze frame video method would be acceptable for
our purposes. Whilst this conclusion may be logical and intuitive a priori, this paper
validates that assumption.

Knee Valgus
The results indicate that clinic-based observations of knee valgus demonstrate a high
percentage of close agreement when raters are asked to differentiate GVR from GVL.
However, distinguishing GN from GVL or GN from GVR appears less reliable. Both PCA
and PEA deteriorate when raters are observing at sprint speeds.

Importantly, the intra-rater reliability of the freeze frame video method was diminished to
below statistical significance when rating knee valgus in sprinting (weighted kappa 0.421
(95%CI: -0.173 to 0.79). Freeze frame video analysis of gait is known to be affected by error
(Brunnekreef, van Uden et al. 2005, Altman and Davis 2012). Determination of the exact
point of “midstance” is one potential source of error when force platform data is not
included. A high degree of variability for knee valgus within participants between trials may
also suggest that knee valgus is not a fixed characteristic of a sprinting individual but rather
an attribute linked to the phase of the task. It is likely that individuals will vary their knee
valgus dependent on whether they are accelerating or decelerating, and probably also be
dependent on terrain type, camber, gradient, footwear, fatigue or injury status. This makes
appraisal of “normal” versus “abnormal” or classification of “good” versus “bad” knee
valgus challenging.
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A number of studies have evaluated the reliability of knee valgus measurement (Jonson and
Gross 1997, Smith, Hunt et al. 2008, Pohl, Lloyd et al. 2010). In a systematic review, Smith
et al, (2008), the reported ICC values of inter-rater reliability of q-angle measures ranged
between 0.17 and 0.83, and intra-rater ICC values ranged between 0.14 to 0.97, when qangle was recorded statically. The authors concluded from the 10 papers in their review that
there was consistently large disagreement about the reliability of knee valgus measurement
and they questioned the value of inferences made from this measurement about causes of
various lower limb injuries(Smith, Hunt et al. 2008). Apart from this, no other studies have
evaluated the reliability of knee valgus classification during running.

CONCLUSION

For observation of jog and sprint running, inter-rater reliability of footstrike classification
was fair, although when obtained from freeze-frame video, footstrike classification
reliability was “substantial” at both speeds. Reliability of evaluation of knee valgus was high
only for freeze-frame analysis of jogging gait. During sprinting, motor pattern variation in
gait meant that knee valgus classification reliability was not significantly non-zero for either
real-time observation or freeze-frame analysis. Freeze frame analysis for sprinting and real
time observation at either speed should not be used for classifying runners nor for evaluating
outcomes from running technique interventions. Freeze frame video gait analysis methods
are acceptable for classifying footstrike and knee valgus at jogging pace.
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Key Points
•

Running technique interventions are commonly derived on the basis of low-tech
visual analysis.

•

Interventions on running technique assume that running technique variables are
reliably distinguished or categorized.

•

This study quantifies the inter-rater and intra-rater reliability of clinically pragmatic
methods for determining footstrike pattern and knee varus/ valgus at two speeds of
running.
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CHAPTER 5 SHOCKWAVE TREATMENT FOR MEDIAL TIBIAL STRESS
SYNDROME; A RANDOMIZED DOUBLE BLIND SHAM-CONTROLLED
PILOT TRIAL
This chapter is based on a paper submitted for publication to the journal, Journal of Science
and Medicine in Sport. The paper is currently under review. The document is presented here
in the format submitted to the journal.

Aim 4; To investigate the effect of the most promising intervention for MTSS.
ABSTRACT

INTRODUCTION

METHOD

RESULTS

DISCUSSION

The work covered in this chapter has been presented as:
• Newman P, W.J., Waddington G, Adams R “Shockwave Treatment For Medial
Tibial Stress Syndrome; A Randomized Double Blind Sham-Controlled Pilot Trial”
Journal of Science and Medicine in Sport article in press August 2016
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SHOCKWAVE TREATMENT FOR MEDIAL TIBIAL STRESS SYNDROME; A
RANDOMIZED DOUBLE BLIND SHAM-CONTROLLED PILOT TRIAL
ABSTRACT
Objectives
Up to 35% of runners develop medial tibial stress syndrome (MTSS) which often results in
lengthy disruption to training and sometimes affects daily activities. There is currently no
high quality evidence to support any particular intervention for MTSS. This study aims to
investigate the effect of shockwave therapy for MTSS.

Design
A randomized, sham-controlled, pilot trial in a university-based health clinic including 28
active adults with MTSS.

Methods
Intervention included standard dose shockwave therapy for the experimental group versus
sham dose for the control group, delivered during Week 1, 2, 3, 5 and 9.Main outcome
measures were pain measured during bone and muscle pressure as well as during running
using a numerical rating scale (0-10) and running was measured as pain-limited distance
(m), at Week 1 (baseline) and Week 10 (post-intervention). Self-perception of change was
measured using the Global Rating of Change Scale (-7 to +7) at Week 10 (postintervention).
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Results.
Pain (palpation) was reduced in the experimental group by 1.1 out of 10.0 (95% CI -2.3 to
0.0) less than the control group. There were no other statistically significant differences
between the groups.

Conclusions
Standard dose shockwave therapy is not more effective than sham dose at improving pain or
running distance in MTSS. However, the sham dose may have had a clinical effect. Further
investigation including a no intervention control is warranted to evaluate the effect of
shockwave therapy in the management of MTSS.
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INTRODUCTION
Medial tibial stress syndrome (MTSS) is a common and debilitating condition associated
with running and walking activities. Yates and White(Yates and White 2004) (2004, pg 777)
describe MTSS as “pain along the posteromedial border of the tibia that occurs during
exercise, excluding pain from ischaemic origin or signs of stress fracture”. Athletes, soldiers
and casual sports participants who run are affected, with between 4% and 35% of this
population developing the condition at any one time (Yates and White 2004, Moen, Tol et
al. 2009, Newman, Adams et al. 2012). The syndrome is thought to include periostitis, bone
stress and/ or musculotendinous breakdown, though there is uncertainty as to which of these
elements is most consistently a source of pain. The weight of evidence currently favours
incomplete bone remodeling (Johnell 1982, Magnusson 2001, Magnusson 2003, Franklyn
and Oakes 2015). Left untreated, the condition may progress to full stress fracture (Beck
1998). Measurable reductions in bone density at the site of injury can be present for up to 8
years post onset of symptoms (Magnusson 2003).

Recovery times for symptom resolution in this condition range greatly, but tend to be long4 weeks to 30 months, with many sufferers having recurrence of episodes, adding to the
costs and inconvenience of MTSS. There is little evidence to support any particular
intervention aimed at preventing development of MTSS (Thacker 2002). Effective therapy
for MTSS is vital for optimizing a return to full physical function.

Extracorporeal shock wave therapy has been used non-invasively in the management of
insertional tendonopathies as a mechanism to reactivate the local tissue repair response
following application of short burst high intensity sound waves. It has high level evidence as
a therapy in a number of anatomical sites, including the plantar fascia and Achilles tendon at
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the heel and the biceps and supraspinatus tendons in the shoulder. It uses intense pulses of
sound delivered to targeted tissues to trigger a repair response, and has a very low adverse
side effect rate. Shockwave therapy has been used to stimulate bone repair and remodelling
with apparent affect in both human and animal trials(Rompe, Rosendahl et al. 2001, Wang,
Wang et al. 2002, Martini, Giavaresi et al. 2003, Takahashi, Yamazaki et al. 2004). It is
feasible that shockwave therapy will stimulate bone remodelling in MTSS sufferers.

To date, only one study has reported the use of shockwave therapy in the treatment of
MTSS. Moen and coworkers (Moen, Rayer et al. 2012) undertook a prospective
observational controlled study to compare shockwave therapy plus graded running against
graded running only on MTSS symptoms, and measured time to return to 18 minutes of
running. Moen et al. reported a significantly faster return to full activity in the combined
shockwave therapy plus running group, and recommended randomization and blinding for
further investigation of shockwave therapy as an intervention for MTSS. The present study
aims to investigate the effectiveness of shockwave therapy in the treatment of MTSS in a
randomized sham controlled trial.

120

METHODS
A double-blind randomized sham controlled trial investigating the effectiveness of
shockwave therapy was conducted at a university clinic in Canberra, Australia. Participants
responded to local advertising and were recruited from the general community. Participants
were recruited over a period spanning May 2014 to July 2015. An investigator (RA),
independent of the recruitment of participants, generated the allocation sequence in blocks
of four using a computer-generated random number programme. Allocation was concealed
from the recruiter and participants. Participants identified with MTSS were randomly
allocated into one of two groups; the experimental group received standard dose shockwave
therapy and the control group received a sham dose shockwave therapy administered by
GW. Measures were taken at baseline (Week 1), and at one week after intervention (Week
10) by an assessor blinded to group allocation and to baseline results (PN). Participants
received treatment at weeks 1, 2, 3, 5 and 9. Each participant was asked to keep their activity
levels as unchanged as possible during the course of the trial. The design of the trial is
presented in Figure 5.1. A researcher analysed results whilst remaining blinded to group
allocations. Ethical approval for the project was gained from the University of Canberra
Human Research Ethics Committee Project number 14-04.
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Volunteers with exertional shin pain expressing
interest in participating (n = 110)

Excluded (n = 75)
• No further contact (n = 72)
• Symptoms not consistent with MTSS (n
= 3)

Screened physically (n = 35)
Excluded (n = 7)
• Pain localized less than 5cm (n = 3)
• Signs of other conditions (compartment
syndrome, stress fracture) (n = 4)

Week 1

Measured algometer pain and treadmill run distance
Randomised (n = 28)
(n = 14)
(n = 14)
Experimental Group

Lost to follow-up
• Unable to attend
(n = 1)
• Moved for work (n
= 1)

Week 10

Standard dose ESWT
0.1 to 0.3mj/mm2
progressively
increased pulses and
intensity over 5
sessions
Total cumulative dose
= 1450 mj/mm2

Control Group
Low dose ESWT at
0.01mj/mm2
Total cumulative dose
= 70 mj/mm2

Lost to follow-up
• Unable to contact
(n = 2)

Measured algometer pain, treadmill run distance and
global rating of change
(n = 12)
(n = 12)

Figure 5.1 Design and flow of participants through the trial.
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Volunteers were included if they had pain for a minimum of 21 days confined to the distal
half of the posteromedial tibia spread over an area of more than 5 cm that was associated
with exertion, pain lasted for hours or days after exercise, there was no indication of
paraesthesia. They were excluded if shockwave therapy had been used for treatment of their
symptoms previously. Baseline measures of height, weight, gender, body mass index,
running volume and modes of activity currently and 12 months prior, current maximum
activity tolerance, site of pain, intensity of pain, duration of symptoms post exercise, and
chronicity of symptoms were recorded to describe the sample.

The experimental group received standard dose shockwave therapy progressively increased
across the series, as per Moen et al (2012). Dose progressed from 0.1 to 0.3mj/mm2 (1,000
pulses at 0.1 mj/mm2 week 1, 1500 pulses at 0.15 mj/mm2 week 2, 1,500 pulses at 0.20
mj/mm2 week 3, 1,500 pulses at 0.25 mj/mm2 week 5 and 1,500 pulses at 0.30 mj/mm2 in
week 9. The total cumulative dose delivered across the five sessions was1450 mj/mm2).

The control group received a sham dose of shock wave therapy, ie, the lowest dose
deliverable at 0.01mj/mm2 (1x1000 pulses in week one and 4x1500 pulses thereafter, with a
total cumulative dose delivered of 70 mj/mm2).

Outcomes were measured at the impairment level (pain), the activity limitations level
(running) and the participation level (self-perception of change). Pain was measured during
bone and muscle pressure as well as during running using a numerical rating scale (NRS)
and reported as a score between 0 and 10 where 0 represents no pain and 10 represents the
worst pain imaginable. An algometer [Baseline® model 12-0304] was used to exert 5 kg of
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pressure over the most tender point of posteromedial musculature and the most tender point
of posteromedial tibial surface and a numeric rating scale (NRS) for pain was recorded for
each point and on each leg. When symptoms were unilateral, the corresponding anatomical
area was chosen for testing on the non symptomatic leg. The most tender 5 cm area was
highlighted with a pen marker on each effected leg to indicate the site for targeting the
intervention.

Running was measured as distance run when pain reached a specific level (4 out of 10) and
was recorded as distance in metres. Participants ran on a treadmill at 7.5 km/hr for 2 minutes
and then at 10 km/hr. Participants were instructed to stop running when pain reached a level
of 4 out of 10 on a NRS or at a maximum of 18 total minutes of running, whichever
occurred first.

At Week 10, self perception of change was measured using the global rating of change
questionnaire and reported as a score between -7 and +7 where -7= ”A very great deal
worse”, -6= ”A great deal worse”, -5= ”Quite a bit worse”, -4= ”Moderately worse”, -3=
“Somewhat worse”, -2= “A little bit worse’, -1=” A tiny bit worse”, 0= “About the same”,
+1 = “A tiny bit better “, +2= “A little bit better “, +3= ”Somewhat better “, +4=
“Moderately better” +5= “Quite a bit better”, +6= “A great deal better” and +7= “A very
great deal better”.
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Using an intention to treat approach all participant data was included in the analysis, with
zero change being recorded for those who did not complete the trial. Descriptive statistics
were calculated for all variables over the two time periods (Weeks 1and 10). The change in
NRS on algometer palpation of bone and muscle, NRS of pain associated with running,
treadmill running distance to pain, and global rating of change scores were analysed using
repeated measures analysis of variance (ANOVA) to determine whether there were
significant differences in the change within and between the groups from Week 1 to 10.
Results were reported as means and standard deviation or means and 95% confidence
interval (CI). Analyses were performed using SPSS, version 21.0.0 for Windows, and
statistical significance was set at 0.05.
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RESULTS
The trial included 28 participants in total, 18 females and 10 males, mean age 34 years
(Table 5.1). Duration of symptoms ranged from 2 to 30 months (mean 20 months). Current
average running frequency and distance per week was similar to 12 months prior for each
participant (Table 1).

Table 5.1 Baseline characteristics of participants.

Characteristic

Randomised
(n = 24)

Lost to follow-up
(n = 4)

Exp
(n = 12)

Con
(n = 12)

Exp
(n = 2)

Con
(n = 2)

Age (yr), mean (SD)

34 (11)

36 (9)

30 (8)

27 (4)

Gender, n females (%)

7 (58)

7 (58)

2 (100)

2(100)

Height (m), mean (SD)

1.71 (0.07)

1.78 (0.11)

1.65 (0.04)

1.70 (0.01)

Weight (kg), mean (SD)

74.7 (10.4)

77.7 (9.7)

75.1(2.7)

70.2(3.6)

Currently

4 (6)

8 (16)

3 (4)

1 (1)

12 months ago

8 (10)

5 (9)

2 (2)

1 (0)

9 (7)

9 (7)

6 (6)

6 (6)

18 (11)

23 (9)

19 (16)

19 (16)

Distance run per week (km), mean (SD)

Duration of running (yr), mean (SD)
Duration of shin pain (mths), mean (SD)
Exp = experimental group, Con = control group,
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4 participants did not complete the trial; 2 moved away for work related reasons, 2 could not
attend follow up appointments. There were no reports of adverse effects of the shockwave
therapy across all participants. One participant was unable to complete the Week 10
treadmill run due to a recent exacerbation of asthma.

By Week 10, the control group had 1.1 out of 10.0 points (95% CI 0.0 to 2.3) less pain
during bone pressure than the experimental group. There was no significant difference
between groups in pain during muscle pressure (MD 0.2 out of 10.0, 95% CI -1.5 to 1.9) or
during running (MD -0.1 out of 10.0, 95% CI -2.9 to 2.7) (Table 5.2).

By Week 10, there was no significant difference between groups in the pain-limited distance
run (MD -583 m, 95% CI -1260 to 94).

By Week 10, there was no significant difference between groups in the self-perception of
change (MD -0.7 out of 14, 95% CI -2.6 to 1.3).
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Table 5.2 Mean (SD) of groups, mean (SD), and mean (95% CI) difference within groups and difference
between groups.
Groups

Outcome

Difference within groups

Difference between
groups

Week 1

Week 10

Week 10 minus Week 1

Week 10 minus
Week 1

Exp

Con

Exp

Con

Exp

Con

Exp minus Con

(n =

(n =

(n =

(n = 12)

14)

14)

12)

5.9

5.5

5.3

3.6

-0.5

-1.6

1.1

(2.4)

(2.0)

(2.4)

(1.7)

(-1.2 to

(-2.6 to -

(0.0 to 2.3)

0.3)

0.6)

Pain
NRS
(0-10)
during bone
pressure

during muscle
pressure

3.6

3.9

3.3

3.2

-0.2

-0.3

0.2

(2.5)

(1.8)

(1.6)

(1.8)

(-1.4 to

(-1.7 to 1.0)

(-1.5 to 1.9)

1.1)
during running

Running
Pain-limited distance
(m)

6.9

6.6

3.2

2.9

-3.9

-3.8

-0.1

(1.3)

(2.0)

(2.5)

(3.0)

(-5.7 to -

(-6.2 to -

(2.9 to -2.7)

2.1)

1.4)

471

864

659

1754

213

797

-583

(281)

(772)

(520)

(1103)

(-8 to 435)

(113 to

(-1260 to 94)

1480)
Self-perception of
change
GROC
(-7 to +7)

2.6

3.3

-0.7

(2.3)

(2.3)

(-2.6 to 1.3)

Exp = experimental group, Con = control group, GROC = Global Rating of Change score.
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DISCUSSION
This pilot study of comparison between standard dose shockwave therapy and sham
shockwave therapy in people with MTSS show no differences in outcome.

However, the observed association between sham therapy and improvement in bone pain on
palpation merits attention in the context of the observed improvements within the groups.
Post-hoc analysis revealed a significant improvement in algometer measurements of bone
pain for all participants between week 1 and week 10 (Mean change -1.1, 95% CI -1.6 to 0.5, p<0.01). There was no significant reduction in algometer measures of muscle pain
between week 1 and week 10 (mean change -0.3, 95% CI -1.1 to 0.6, between groups mean
difference -0.2, 95% CI -2.7 to 2.9). Mean NRS for bone pain in the sham group reduced
from 5.5 (sd 2.0) to 3.6 (sd 1.7) and in the experimental group bone pain reduced from 5.9
(sd 2.4) to 5.3 (sd 2.5). Whilst both groups improved, the improvement was significantly
greater in participants receiving sham shockwave therapy (mean difference between groups
1.1, 95% CI 0.0 to -2.3, p=0.05). There may be several explanations for this effect.

Duration of symptoms in MTSS tend to be longer than 10 weeks. The participants in this
trial reported their symptoms to have been stable for a median period of 30 months.
Magnusson et al (2003) (Magnusson 2003) reported low bone mineral density in MTSS
sufferers at 4-8 year follow up indicating this is a highly recalcitrant condition. It is less
likely for MTSS to improve in only 10 weeks without participants reducing their running
volume. The participants in this trial had not reduced their activity levels. Further, on
analysis of the data, there was no correlation between reported MTSS symptom duration and
change in bone pain on palpation, indicating that improvements observed were not
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predictably occurring in the less chronic cases as one might expect if time alone brought
about recovery. Whilst bone pain on palpation, pain limited running distance, pain
associated with running and self perception of change improved significantly between week
1 and week 10, it is possible that the effect observed is simply natural improvement of the
condition with time. If this was the case then it would follow that standard dose shockwave
therapy retards or lessens the natural improvements in bone pain on palpation.

If the improvements observed are simply a placebo response we would expect a global
effect, with proportional responses in palpation testing of both muscle and bone, yet
algometer readings of the posteromedial muscle pain did not improve significantly. The
posteromedial musculature palpated and the posteromedial tibial bone palpation site are in
very close proximity to each other. The treatment probe was focussed specifically towards
bone so despite being very close to the muscle palpation site, it did not target muscle tissue.
Algometer palpation for bone pain improved significantly, by approximately 20%. Muscle
injuries generally tend to heal more rapidly than injuries in bone, so these results do not
follow natural healing parameters for these tissue types. The shockwave beam for both
groups was focussed on the bone rather than muscle, so if there is an effect of shockwave
therapy then it is consistent with the site of application. The muscle site has, in effect, served
as a control site. Shockwave therapy is known to have a stimulatory effect on bone (Rompe,
Rosendahl et al. 2001, Mcclure and White 2004, Sathishkumar, Meka et al. 2008). However
it has also been shown to be destructive to bone at higher intensities (Sukul, Johannes et al.
1993). It is possible therefore that shockwave therapy has a stimulatory effect on bone that is
dose dependant, and, that is more effective at very low dose.
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Studies of bone repair and remodelling report methods for isolating individual cells and
subjecting them to mechanical strain by passing fluid across the cell at known rates of flow.
Osteocytes are known to respond to both fluid flow and vibration by releasing the many cell
activating factors that result in bone repair and remodelling (Bonewald 2006, Henriksen,
Neutzsky-Wulff et al. 2009, Klein-Nulend, Bacabac et al. 2012, Bonewald, Kiel et al. 2013,
Klein-Nulend, Van Oers et al. 2014). These studies provide a good model for how
shockwave therapy may stimulate bone remodelling. The question is, how much mechanical
energy is adequate to expect a response from the osteocyte? One recent study has shown that
pulsatile fluid flow of 13kPa can stimulate a signalling response in a mouse osteocyte
(Klein-Nulend, Van der Plas et al. 1995, Klein-Nulend, Bakker et al. 2013). The low dose
therapy applied as sham in this trial was applied in a focussed beam rather than a pressure
wave, but in energy delivered terms it equates to approximately 18kPa at each session. The
mechanical stimulation of shockwave therapy in tissues at the cellular level is conceivably
providing an equivalent stimulus to the osteocyte as seen in fluid flow studies. Further
research is required to determine the threshold for response in osteocytes exposed to various
doses of shockwave therapy.

Minimally important differences in clinical measures vary by context, population and the
nature of disease (Revicki, Hays et al. 2008). Many studies correlate NRS vs GROC to assist
in determining minimally important difference values for a given disease or condition
(Salaffi, Stancati et al. 2004). Salaffi (2004) suggests determinations of clinical significance
of NRS scores made in this way are least problematic when the mean baseline scores are
closer to 7 out of 10, as opposed to a population or disease state where the initial NRS score
is <4 (Salaffi, Stancati et al. 2004). Salaffi (2004) suggests a change in NRS of 1 point or
15% change is a minimally important difference for common chronic musculoskeletal
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conditions, and improvement in NRS of 2 points or 33% are best associated with the concept
of “much better”. A recent study by Winters et al (Winters, Moen et al. 2015)identified
significant responsiveness of an NRS for “pain while performing sporting activities” and a 7
point participant perceived improvement scale to be in the ratio 1 NRS: -0.45 GROC. Using
this approach it could be surmised that a reduction in pain when running from a mean of 6.8
at week 1, to a mean of 2.7 at week 10 (mean change -3.9, 95% CI -5.3 to -2.5, p<0.01)
would result in a perception of change of +1.9= “a little bit better”. The participants in this
study rated their improvement on average at +3= ”Somewhat better “. Pain limited running
distance improved by a mean of 505 metres from week 1 to week 10, 95% CI 151.6 to
858.4, p<0.01). There was a significant positive correlation between global rating of change
scores and baseline difference in patient reported pain with running across both groups
(Pearson’s r =0.44, p=0.03). Whilst the distance improvement is not large on the scale of a
typical distance runner, it is a large proportional change in an MTSS population.

A notable limitation of this pilot trial is the small sample size of 28 participants. The
difference between groups in bone pain on palpation approaches significance, with a
moderate effect size of 0.52. A larger trial is indicated to evaluate the effect of shockwave
therapy in MTSS.

CONCLUSION
This study has established that there is no benefit of standard dose versus sham dose
shockwave therapy in the treatment of MTSS, however the low dose shockwave therapy
utilized as the sham intervention may improve bone pain on palpation. Further research that
includes a no treatment control and higher numbers of participants is required to more fully
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understand the effectiveness of no treatment, low dose and standard dose shockwave therapy
in MTSS.

Practical Implications
•

Standard dose shockwave therapy does not have a superior effect over sham
shockwave therapy in the treatment of Medial Tibial Stress Syndrome.

•

There may be an effect of low dose shockwave therapy that is helpful for reducing
bone pain in Medial Tibial Stress Syndrome.

•

Further research that includes a no treatment control and higher numbers of
participants is required to determine clinical efficacy.

Funding: There has been no financial assistance associated with this project
Acknowledgements: Our thanks go to the Faculty of Health Clinics and to our volunteers
Competing Interests: None declared
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CHAPTER 6 CONCLUSIONS AND FUTURE DIRECTIONS
FINDINGS AND CONCLUSIONS

FUTURE RESEARCH

SUMMARY

135

FINDINGS AND CONCLUSIONS
The research detailed in this thesis has examined the following: the risk factors associated
with development of MTSS; the utility of a screening test for predicting who may be more at
risk of developing MTSS; the reliability of a commonly used method for classifying and
evaluating running technique modifications; and the effectiveness of an intervention
technique for treating MTSS. The motivation for the research work presented in the thesis
was to add to the knowledge base for understanding and treating MTSS, and to present
alternative paradigms and a model through which MTSS can be better understood.

Chapter 1 discussed variations in the use of nomenclature over different research papers in
the literature has contributed to difficulties in understanding the conditions that present with
symptoms similar to MTSS, or that may co-exist with MTSS. To provide a clearer
differentiation, a continuum model is proposed (Chapter 1 and Figure 6.1 below) to illustrate
how these conditions may develop and interact.
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Figure 6.1 Proposed continuum model of chronic exertional leg pain differential diagnosis

The continuum model presented here is necessarily incomplete as the structures or tissue
types affected in MTSS remain undetermined. Anatomical studies show an absence of direct
muscular attachment at the site of MTSS (Stickley 2009), however there is evidence
supporting an attachment of crural fascia at the site of pain indicated by MTSS sufferers
(Bouché and Johnson 2007). Histological studies confirm the presence of inflammatory
markers within the fascia in one third of cases, and implicate bone as a source of symptoms
in two thirds of cases. Bone involvement is strongly evident within imaging studies of
MTSS sufferers. However, such studies have limitations including; the lack of control
participants; potential errors related to the timing of the study and symptom onset; and
standardisation of severity of participants studied. Understanding how duration and severity
of symptoms may influence diagnosis is not established. Timing of imaging, mode of
imaging and sensitivity of imaging may vary according to symptom duration and severity of
injury. Tissue types involved may also vary by duration and severity of injury. A recent
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paper that validates a new patient-reported outcome measure may be an important
contribution in this regard (Winters, Moen et al. 2015). MTSS sufferers who describe
themselves as being on either end of the patient report scale could be investigated to form a
reference for grading, imaging and perhaps further histological testing. Such future work
will serve to evaluate the continuum model and allow comparison of tissue types involved
across the severity spectrum in individuals affected by MTSS.

Despite the research effort to date, the exact cause of MTSS is still unknown. Logically,
local therapies should target tissues involved - yet the tissues involved are still not clearly
resolved. Many risk factors have been associated with MTSS, by authors of literature on this
topic, but few have been determined by studies with rigorous scientific method (Table 1.2).
The systematic review of the literature with statistical analysis of effect sizes presented here
(Chapter 2) gives some understanding of risk factors for development of MTSS.
Consequently, an evidence-based model of the aetiology of MTSS is proposed from which
future research questions may be constructed (Figure 6.2). Further, the set of predictor
variables identified in the review in Chapter 2 need to be tested in a future prospective study
to see if the proposed risk factors are confirmed. Further research should consider
appropriate quality assessment tools for included studies to ensure the highest level of
evidence can be meta-analysed.

The continuum model presented in Chapter 2 seeks to illustrate what is known and where
the gaps are within the evidence. It maps the risk factors, the potential causes and the known
outcomes in order to facilitate new thinking and new research foci, and could assist
researchers and clinicians in planning management and prognosis.
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Figure 6.2 MTSS Continuum illustrating the possible links between the risks, causes, and clinical signs
in MTSS as well as the gaps in current evidence (Newman P 2013)
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With such a common yet insidious and recalcitrant condition as MTSS, verified predictive
indicators are of great value. This project has identified two simple tests as useful predictors
of those who will develop symptomatic MTSS in the future (Chapter 3). These tests have
extended the prediction capability available for clinicians in managing MTSS by allowing
early identification of those at increased and reduced risk and also for monitoring outcomes
in athletes with MTSS. The two tests identified in this study need to be further tested for
inter tester reliability and also applied to other populations to determine their validity.
Further research may consider using these variables as a component of a larger predictive
screen, or as a self administered test in at risk populations.

Despite the absence of evidence for any one kinematic variable contributing to MTSS onset,
modification of running technique with the aim being to achieve a predetermined norm or
optimised method has long been advocated, with various claims of success attributed to
idealised running styles (Appendix J). Reliability of running technique classification outside
of a laboratory environment has not been clearly determined, yet recent papers have claimed
that visual assessment and verbal cues can be used to “successfully” evaluate changes in
running technique (Agresta 2015, JOSPT 2015). The study presented in Chapter 4 has
shown that visual observations such as those readily used in a clinical setting are not
sufficiently reliable for classifying footstrike nor knee angle in runners. As a consequence, it
is clear that visual evaluations of running gait changes conducted by observers are not an
adequate scientific method for determination of intervention success. The rapid
improvement in handheld digital technology should enable clinicians to more easily assess
running gait parameters with more reliable methods than real time observation. Further
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research should consider how these assessment methods are best integrated into clinical
practice.

To date, no interventions have been demonstrated to be reliably effective in resolving
MTSS. Accordingly, an effective intervention needs to be developed and evaluated. The
study presented in Chapter 5 suggests that there is no benefit of standard dose versus sham
dose shockwave therapy in the treatment of MTSS. The low dose shockwave therapy
utilized as the sham intervention may, however, be sufficient to improve bone pain on
palpation. Further research that includes a no treatment control and includes higher numbers
of participants is required to more fully understand the relative consequences of no
treatment, low dose and standard dose shockwave therapy in MTSS.A paradigm
incorporating new evidence of bone and muscle communication at the cellular level can now
be applied to inform future hypotheses (Chapter 5).

FUTURE RESEARCH

Musculoskeletal-injury researchers, clinicians, and runners and their coaches have sought to
understand the condition of Medial Tibial Stress Syndrome by considering the macro
anatomy, biomechanics, symptomatology, and anthropometrics of runners and of MTSS
sufferers. Whilst this has been helpful in developing understanding of the condition, there
remain unanswered questions, particularly in relation to causation. New perspectives from
researchers investigating bone loading via finite element analysis should enhance what is
known about the site of injury in MTSS. Further, it is likely that researchers studying bone
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adaptation, osteoporosis and sarcopenia will generate ideas and application of knowledge
arising from their work on bone micro anatomy and cellular response to load and injury.

Finite element analysis of the tibia
One potential area of future research that was beyond the scope of this thesis lies in
establishing the pattern of stress or strain in the distal third of the tibia during loading
activities. Implanted strain gauges have been used in the past, but the risks associated with
this method limit recruitment (Milgrom, Finestone et al. 2000). Finite element analysis
models have been developed for modelling tibial stress fractures and these have recently
been adapted in a patient with chronic MTSS (Franklyn and Oakes 2015) (Figure 6.3). Finite
Element analysis is a mathematical method for calculating how smaller components or
elements contribute to the function of the whole component (Huiskes and Chao 1983). This
technique considers the mechanics and geometry of the material of interest. It can be used to
model the structural properties such as stiffness, compressibility, fluid flow, or heat
conductivity of a material exposed to external forces, and to model internal failure points.
When applied to a tibia, these methods will help establish the magnitude, direction and site
of forces in the medial tibia in vivo. Superimposing muscle actions, foot contact patterns,
joint angles and tibial geometry will enable better understanding of tibial loading in running,
possibly indicating how to modify undesirable loads and thus prevent or treat MTSS.
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Figure 6.3 Finite Element Analysis of a loaded tibia illustrating minimum to maximum stress sites by
colour code from figure 1(Franklyn and Oakes 2015)Pg 586
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A new lens for understanding MTSS
Determination of the tissue pathology involved, and of the reason for the delayed or
incomplete healing of these tissues seen in MTSS remains unresolved. Detailed
investigation of bone responses to load and injury, and the factors that influence these
processes, is required in order to understand the reasons for the unique pattern of bone
involvement and long periods of demineralisation that are observed in imaging studies of
MTSS sufferers. As myofascial elements appear to also be implicated in MTSS, further
research should logically look for explanations that identify how myofascial structures and
bone are linked in terms of their adaptive responses to load and injury.

Recent developments concerning the understanding of the “endocrine” functions of bone
and muscle and mechanically-activated communication between bone and muscle also
provide insights which are likely to further develop theories of causation in MTSS.
However, bone responses to endocrine signals are complex. Many growth factors influence
a variety of pathways of action and trigger biochemical cascades in bone and muscle alike
(Figure 6.4). For example, insulin- like growth factor, fibroblast growth factor, interleukins,
vitamin D, growth hormone, testosterone, progesterone, oestrogen, thyroid hormone, insulin,
leptin, adiponectin, and various proteoglycans all mediate responses within both bone and
muscle.
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Figure 6.4 “Systemic humoral factors produced from muscle or bone tissues affect each other. MMP-2,
matrix metalloproteinase-2; IGF-1, insulin-like growth factor I; FGF-2, fibroblast growth factor-2; IL,
interleukin; FAM5C, family with sequence similarity 5, member C; PGs. proteoglycans; BMPs, bone
morphogenetic proteins”.from (Kaji 2014) figure 3

All these factors circulate in the blood, with both bone and muscle sharing a dense vascular
supply. Contrary to the view of bone as a mineral deposit with slow response times, bone
will take up blood-mediated substances of small molecular weight (such as procion red)
within 5 minutes of injection (Veno, Nicolella et al. 2006, Bonewald and Johnson 2008,
Dallas, Prideaux et al. 2013). This feature enables bone to rapidly detect and respond to
blood transported mediators.

Recent discoveries have led researchers to consider bone and muscle to be endocrine organs
themselves rather than simply tissues that respond to endocrine outputs (Dallas, Prideaux et
al. 2013, Kaji 2014). Osteocytes have been found to produce factors that influence the
kidney via the secretion of fibroblast growth factor and sclerostin. Osteocytes have a role in
regulating phosphate homeostasis. Contracting skeletal muscle has been shown to secrete
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unique cytokine factors called myokines, such as interleukin 6, that in turn inhibit
inflammatory responses and enhance immune system responses (Pedersen and Febbraio
2012, Dallas, Prideaux et al. 2013). Factors secreted by myotubes also regulate osteocytes
(Bonewald and Johnson 2008). Consideration of muscle and bone as being components of
the endocrine system rather than as separate systems may assist understanding of the
hormonal risks that may contribute to the pathology of MTSS (Chapter 2 and Chapter 3).

Osteocytes have previously been considered to be inactive, dormant cells that are embedded
within bone matrix until such time as they are required to differentiate into active
osteoblasts. However, not only are they a contributor to the endocrine system, they are also
mechanosensory cells that communicate and co-ordinate adaptive responses within seconds
of a stimulus. The mechanical connections between osteocytes are now known to be so
extensive and intricate that some researchers suggest they are as voluminous as the neurons
of the brain (Figure 6.5)(Buenzli 2015)
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Figure 6.5 Osteocytes and their dendritic fingers form a network within bone Kevin Mackenzie,
University of Aberdeen, Wellcome Images (B0008430),CC BY-NC-ND, http://theconversation.com/brainybones-the-hidden-complexity-inside-your-skeleton-38713
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“…Taking recent imaging data …, we calculated that the human skeleton
contains about 42 billion osteocytes. That’s about six times the Earth’s
population. In comparison, the human brain contains 86 billion neurons,
packed in a volume (around 1.2 litres) comparable with that of the
skeleton (which is about 1.75 litres). Although, of course, the skeleton is
more spread out. When we added together the length of these little cell
fingers, imagining them being placed end to end, we found that this
network is about 175,000 kilometres long. That’s more than four times the
Earth’s circumference, and almost identical to the total length of axons in
the brain: 180,000 km…”(Buenzli 2015)

This intricate intrabone network seems to not only allow mechanosensory capacity within
cortical bone and medullary bone, but also externally, to vascular and myofascial structures
through dendritic connections extending beyond the bone surface (Figure 6.6) (Veno,
Nicolella et al. 2006, Bonewald and Johnson 2008, Dallas, Prideaux et al. 2013).

149

Figure 6.6 Dendritic connections of the osteocyte to internal and external structures from(Dallas,
Prideaux et al. 2013) figure 1

Mechanical loads transmitted along dendrites and detected within the cell may be mediated
by filaments that open and close gates and ion channels within the cell wall of the osteocyte.
These responses may be inhibitory or excitatory depending upon which filaments are
activated (Johnson 2012, Dallas, Prideaux et al. 2013, Klein-Nulend, Bakker et al. 2013).
(Figure 6.7)
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Figure 6.7 Osteocyte internally- Filaments made of actin and fimbrin (red) connect the cell to distant
sites via dendritic connections. When filaments are stretched or pulled by external force such as
muscular contraction, or via interstitial fluid flow, as may occur with running impact, filaments pull open
stretch-activated ion channels (purple) allowing ions to flow and signal further responses. Clusters of
receptors (yellow) are frequently found at the junction of dendrite to cell body, where multiple filaments
terminate, possibly adding to the sensitivity of these receptors to mechanical signals. Figure 1 adapted
from Figure(Klein-Nulend, Bacabac et al. 2012), page 280.

This concept opens the possibility for a diverse and flexible array of mechanically-mediated
responses to ensue, and is consistent with the idea that bone is a self-monitoring “intranet”.
Evidence supporting this view comes from studies in mice where osteocytes have been seen
to respond in opposite ways, depending upon which surrounding muscle is activated. In
mice, tibial osteocytes were silent or slightly inhibited by signals from contracting soleus,
but extensor digitorum contractions potentiated osteocyte signalling (Bonewald and Johnson
2008, Johnson 2012). This “Muscle-Bone crosstalk” also appears to work in reverse, in that
bone is able to modify tone and contractile force in surrounding muscle (Johnson 2012).
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Myofascial connections directly to embedded osteocytes are completed via transitional fibre
types known as Sharpey’s fibres (Aaron 2012), which have been shown to penetrate deeper
than periosteum and cortex, extending to the endosteum. The subtype, density and
orientation of Sharpey’s fibres appear to influence how bone responds to load and injury
(Aaron 2012). Animal studies suggest that in voluntarily running individuals there was a
pattern of high density Sharpey’s fibres at proximal sites (femur) and that these sites were
associated with positively increased bone remodelling. In contrast, in distal bone sites (distal
femur and distal tibia) bone mass was unchanged and these sites showed a relative absence
of Sharpey’s fibres (Newhall, Rodnick et al. 1991, Saino, Luther et al. 2003). It may be,
then, that the site of MTSS on the distal tibia is an area where the influence of Sharpey’s
fibres on bone remodelling is reduced.

Bone not only responds to endocrine and mechanical stimuli via dendrites but also fluid
flow within the canal system of cortical bone. The lacunocanalicular system (Haversian and
Volkmann’s canals) forms the boundaries of each osteon (Figure 6.8)
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Figure 6.8 The Lacunocanalicular system of cortical bone- note the interconnections of osteocytes
within and between osteons (Plater 2015)

These canals are filled with fluid that shifts and flows with loading. Osteocytes are known to
respond to fluid flow in lab conditions by releasing factors that result in bone repair and
remodelling (Bonewald 2006, Henriksen, Neutzsky-Wulff et al. 2009, Klein-Nulend,
Bacabac et al. 2012, Bonewald, Kiel et al. 2013, Klein-Nulend, Van Oers et al. 2014). Fluid
flow provides a third mechanism through which bone responds to load. These canals are
therefore, simultaneously, the housing for blood vessels that allow the endocrine response,
the pathway for the dendrites that form the mechanosensory network in bone, and the
channels for fluid flow. The patency and integrity of these canals would logically determine
the ability of osteocytes to signal within and beyond the osteon in which they are housed.
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The unique double stripe pattern of bone involvement seen in MTSS and the prolonged
periods of demineralisation observed within the MTSS population together suggest that one
or some of these communication systems are failing to respond adequately to stimuli. It may
be that signals are unable to travel mechanically or vascularly, implying a disruption in the
lacunocanalicular system. Osteoclasts have been considered the only cell type capable of
bone resorption, and the current view is that they do their work at the bone surface.
However, a recently rediscovered process described as “perilacunar remodelling” shows that
osteocytes are able to remove their perilacunar matrix, resulting in bone resorption,
presumably because of significant effects on the patency of the canalicular walls (Bélanger,
Bélanger et al. 1967). Enlarged lacunae have been associated with a number of pathological
conditions, such as rickets and osteomalacia (Dallas, Prideaux et al. 2013). Franklyn and
Oakes have pointed to another potential mechanism for disruption of the lacunocanalicular
system (Franklyn and Oakes 2015). After a series of studies (Carter and Hayes 1977)
involving cow bone subjected to cyclic loading, these researchers found that compressive
stresses caused oblique cracks traversing multiple lamellae, extending eventually completely
through the cortex. In contrast, they found that tensile stresses cause osteons to separate
from each other as a result of micro-cracks developing longitudinally and parallel to the
outer lamellar line, not penetrating the cortex. This stress cracking results in the pushing out
or de-bonding of osteons within the matrix. Considering again the intricate intrabone
network signalling that must occur for bone and muscle adaptation via the lacunocanalicular
system, de-bonding of one osteon from the next presumably disrupts intrabone
communication. The question then arises as to whether this disruption could delay or
stagnate remodelling, in a manner such as is seen in MTSS. When considering the muscle to
bone crosstalk identified in mice where the signals arriving to the osteocyte from one
structure (say the extensor digitorum) may have an excitatory effect on the osteocyte, and
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signals from another structure (say the soleus) contribute and inhibitory effect on the
osteocyte (Johnson 2012), what would happen if communication from one direction was
compromised? Looking at the anatomy of the osteon, and considering the internal filaments
within the osteocyte create specific responses, is it feasible that de-bonding of the osteocyte
may interrupt mechanically-induced signals from one direction or another? Technologies
such as spectroscopic imaging (Timlin, Carden et al. 2000) or nanoscale synchrotron x-ray
tomography (Figure 6.9), are capable of assessing lacunocanalicular integrity and may
present a promising method for exploring this de-bonding phenomenon and its implications
for MTSS at a cellular level (Pacureanu, Langer et al. 2012)

Figure 6.9 An osteon – 3D nanoscale synchrotron x-ray tomography of the lacunocanalicular
system(Pacureanu, Langer et al. 2012)
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SUMMARY

The program of research outlined in this thesis into Medial Tibial Stress Syndrome has
extended the existing knowledge base by:
-identifying a suite of risk factors that may be considered in efforts to prevent MTSS.
As a consequence of identifying each of these risk factors this work has laid a foundation for
better understanding of the causative mechanisms associated with development of MTSS.
This will inform future risk factor analysis and preventative screening efforts;

-identifying two simple screening tests capable of predicting those who are more
likely to develop symptoms of MTSS into the future. This is an important additional tool for
prevention in a condition that is difficult to treat;

-quantifying the reliability of visual methods of classification and evaluation that are
commonly employed for running technique interventions. This reliability study highlights
the necessity for laboratory methods rather than visual observations when conducting or
evaluating running technique modifications;

-investigating the effectiveness of shockwave therapy as an intervention for MTSS.
A pilot randomised double blind sham controlled trial presented in the thesis found no
difference between sham dose and therapeutic dose. However an interesting reduction in
bone pain associated with the sham dose therapy may suggest a low dose effect;

-proposing a continuum model of Chronic Exertional Leg Pain that attempts to link
coexisting conditions, common causes and risk factors based on evidence compiled in this
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thesis. This can guide researchers and clinicians seeking further understanding of shin pain
sources and causes.

Future research that links perspectives from bone and muscle science at the cellular level to
what is observed by clinicians and biomechanists studying MTSS seems likely to be able to
expand current perspectives and improve insight into the causation and management of this
difficult condition.
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Background: Medial tibial stress syndrome (MTSS) affects 5%–35% of runners. Research over
the last 40 years investigating a range of interventions has not established any clearly effective
management for MTSS that is better than prolonged rest. At the present time, understanding of
the risk factors and potential causative factors for MTSS is inconclusive. The purpose of this
review is to evaluate studies that have investigated various risk factors and their association
with the development of MTSS in runners.
Methods: Medical research databases were searched for relevant literature, using the terms
“MTSS AND prevention OR risk OR prediction OR incidence”.
Results: A systematic review of the literature identified ten papers suitable for inclusion in
a meta-analysis. Measures with sufficient data for meta-analysis included dichotomous and
continuous variables of body mass index (BMI), ankle dorsiflexion range of motion, navicular
drop, orthotic use, foot type, previous history of MTSS, female gender, hip range of motion, and
years of running experience. The following factors were found to have a statistically significant
association with MTSS: increased hip external rotation in males (standard mean difference
[SMD] 0.67, 95% confidence interval [CI] 0.29–1.04, P,0.001); prior use of orthotics (risk ratio
[RR] 2.31, 95% CI 1.56–3.43, P,0.001); fewer years of running experience (SMD −0.74, 95%
CI −1.26 to −0.23, P=0.005); female gender (RR 1.71, 95% CI 1.15–2.54, P=0.008); previous
history of MTSS (RR 3.74, 95% CI 1.17–11.91, P=0.03); increased body mass index (SMD
0.24, 95% CI 0.08–0.41, P=0.003); navicular drop (SMD 0.26, 95% CI 0.02–0.50, P=0.03);
and navicular drop .10 mm (RR 1.99, 95% CI 1.00–3.96, P=0.05).
Conclusion: Female gender, previous history of MTSS, fewer years of running experience,
orthotic use, increased body mass index, increased navicular drop, and increased external rotation
hip range of motion in males are all significantly associated with an increased risk of developing
MTSS. Future studies should analyze males and females separately because risk factors vary by
gender. A continuum model of the development of MTSS that links the identified risk factors
and known processes is proposed. These data can inform both screening and countermeasures
for the prevention of MTSS in runners.
Keywords: medial tibial stress syndrome, injury prevention, risk factors, running injuries
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Medial tibial stress syndrome (MTSS) is usually brought on by running or impact
loading of the lower limb, and the resulting pain will typically limit running activity.
MTSS is generally considered to be a discrete clinical entity that is differentiated from
chronic exertional compartment syndrome, stress fracture, popliteal artery entrapment
syndrome, and the various neuropathies. Coexistence and interrelationships of these
entities is acknowledged but not clearly understood.1 Inconsistent use of terminology,
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such as “shin splint syndrome” and “soleus enthesopathy”, is
evident in the historic and current literature, and it is likely
that such variation in nomenclature has contributed to the
current lack of understanding of the condition.2,3
A range of hypotheses has been proposed in regard to
the anatomic structures most likely to be the source of pain
in MTSS, with myofascial strain, enthesopathy, periosteal
inflammation, and bone stress reaction theories most
prevalent. Histologic studies have been small, and very few
have identified inflammatory markers within the periosteal
margins with any consistency to support the periostitis
hypothesis.4–7
Cadaveric studies of the myofascial anatomy are inconsistent as to which myofascial element is involved.8–11 There
is large variation in the site of attachment of the deep crural
fascia, soleus, flexor digitorum longus, and tibialis posterior,
and there is contention about how well these attachments
relate to the site of pain in MTSS. One larger study (50 legs)
found a predominant absence of myofascial attachment at the
medial tibial border where MTSS pain occurs.11 However,
posteromedial muscular tenderness is a consistent clinical
feature of the syndrome. It may be that this tenderness is
a consequence of muscular overuse and chronic fatigue.
Whether this is a primary cause or an effect of the condition
remains unclear.12,13
Recent interpretation arising from imaging and related
studies suggests bone stress reaction to be the most likely
cause of symptoms in MTSS.14–20 Advances in computed
tomography, dual energy X-ray absorptiometry, and magnetic resonance imaging techniques have enabled researchers to identify marrow edema consistently, periosteal lifting
due to underlying bone exudate, and bony resorption of the
posteromedial tibial border in MTSS. The accuracy of the
different techniques varies greatly and may be dependent on
the timing of imaging in relation to injury onset.21,22 Only
a limited number of histologic studies have included bone
biopsy, but these positively confirm bone stress markers.6,7
Some imaging studies demonstrate bony lesions associated with a clinical diagnosis of MTSS in sites such as the
proximal tibia and the anterolateral tibial cortex, that are
inconsistent with clinically significant sites of pain,3,19 and
this raises questions about the differential diagnosis of MTSS
as well as about the nature of the pathology itself.
It is probable that a combination of structures are involved
in MTSS, and some authors have suggested grading systems
based on this premise (Figure 1).1 A clear understanding of the
pathology is needed for future studies, and particularly in regard
to the development of targeted intervention strategies.
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Type 1 Bone stress

Type 2 Periostitis

Type 3 Chronic
exertional
compartment
syndrome (deep
posterior)

Popliteal Artery
Entrapment
Syndrome (PAES)

Figure 1 Traditional differential diagnosis and classification of medial tibial stress
syndrome.
Note: Concept from Detmer.1

Recovery times in MTSS tend to be long. A recent
randomized controlled trial found that subjects from a nonmilitary sample of runners, in 3 treatment groups, took an
average of 102–118 (SD 52–64) days to recover sufficiently
to complete an 18-minute run.23 Times between 250 and
300 days were taken for 90% of these participants to recover
sufficiently to complete an 18-minute run. This timeframe
should influence most clinicians’ prognostic planning and
education of patients. Trials investigating a range of interventions for MTSS have not as yet established any clearly
effective management that is better than prolonged reduction
and management of load.2,23–25
Several authors have sought to investigate the risk factors associated with the condition with a view to developing
screening and preventive countermeasures for MTSS. The
variables investigated in these studies fall into categories
of range of motion (ROM) and muscle length measures,
including joints from hip to hallux, static posture of lower
limb segments, kinematic analyses of the lower limb, muscle
strength and endurance, running volumes, anthropometric
measures, dietary, hormonal, and smoking status, past
history of injury, and orthotic and shoe use (Table 1). The
majority of the papers that have reported investigations of
these associations have been case-control or retrospective
in design, thus raising questions about the attribution of
cause and effect.
To the present time, no meta-analysis has been
p erformed to investigate the associations of various
risk factors and the prospective development of MTSS.
Therefore, the aim of this review was to identify quality
prospective studies that have investigated risk factors for
MTSS in runners and to combine their results through
meta-analysis.
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Table 1 Risk factors investigated for association with MTSS in
runners in the literature
Risk factor

References

Hip ROM
Ankle ROM
Knee ROM
Rear/forefoot ROM
Hallux ROM
Hamstring length, gastrocnemius length,
soleus length
Leg length
Q angle
Tibial varus/valgus
Static genu varus/valgus
Static calcaneal varus/valgus, standing foot angle
qualitative and instrumented
Static arch height/Foot Posture Index32/foot typing
Navicular drop test/navicular drop test
difference/navicular drop test .x
Dynamic genu varus/valgus
Dynamic calcaneal varus/valgus
Dynamic plantar pressure plate data: pronated
versus supinated at various phases of gait,
time to peak heel rotation
Plantar flexor endurance
Strength PF/DF/inversion/eversion
Strength hip abduction
Lean calf girth
Mileage per unit time (weeks, months)
Running experience years
Run times per unit distance/fitness
Time per week running
Previous history of MTSS
Previous history of stress fracture
Previous history of lower leg injury
Orthotic use
Menstrual regularity
BMI
Gender
Height
Shin pain on palpation in asymptomatic MTSS
Shin edema on palpation in asymptomatic MTSS
Claw toe
Neuromuscular control deficit of intrinsic
foot muscles
Straight leg raise
Smoking

31,38,70–73
12,31,34,38,70–74
38,71–73
34,38,70–73
72–74
38,73–75
70,74,76
31
34,38,75
31,38,71,76
38,71,73,75,76
12,70,71,76,77
31,34,37,38,73,75,78
37,38,72
33,35,37,38,72
33,35,37,38,72,74

78,79
34,38
31,38,73
70,73
34,77
34,75,77,80
33,70
12
12,34,78,80
34,78
34,77,78
34,70,78,80
34
31,33,70,77,78,80
13,31,75,78,80
31,33,70,80
13
13
53
46,47,53
31
33

Abbreviations: BMI, body mass index; PF, plantar flexion; DF, dorsiflexion; MTSS,
medial tibial stress syndrome; ROM, range of motion.

Methods
Criteria for considering studies
for this review
Types of studies

We selected papers that were of prospective design and investigated a range of biometric variables and their associations
with MTSS. Explicit criteria for diagnosis of MTSS had to

Open Access Journal of Sports Medicine 2013:4

be described in each paper with sufficient detail to exclude
stress fracture and ischemic causes. All participants in all
papers were runners or played sports that were runningbased. All participants had to be asymptomatic at the time
of baseline testing.
To enable calculation of combined results, the papers
included had to report MTSS group and non-MTSS group
scores, standard deviations, and sample sizes, or sufficient
alternative data for these to be calculated. Categorical data
had to include the sample sizes in each matrix cell.
Quality of the papers was assessed using a combination
of the Quality Index26 and Revman5 (Cochrane) criteria (see
Figure 2). Each criterion was applied to each paper, and a
classification of “low-risk” was assigned where the paper had
clearly met the criterion. “Unclear risk” was assigned where
there was insufficient detail to determine if the criterion was
met or not, and “high-risk” where the criterion was unlikely
to be met or bias was highly likely.

Types of participants
The 1,924 participants in the final selection of studies
included runners from military and recreational groups, and
tennis, volleyball, track and field, and soccer players.

Electronic searches
The CINAHL, SPORTDiscus, Pedro, PubMed Central, and
Cochrane databases were searched using keyword search
terms (keyword contains “medial tibial stress syndrome”
786 records identified
through database
searching

632 records after
duplicates removed

46 papers assessed for
eligibility

Screened
by title

586 records excluded

37 papers excluded

1 additional reference
from citations

10 studies included in
quantitative synthesis
(meta-analysis)
Figure 2 Papers selected from initial search to final inclusion.
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AND keyword contains “prevention” OR “risk” OR
“prediction” OR “incidence”). No date limits were applied
and the search was completed in March 2013. The resulting
references from each database search were combined.
Papers were filtered in accordance with the sequence in
Figure 2.

Data extraction and management
Each included paper was searched for raw scores and group
numbers for a range of measured risk factors. Where two
or more papers reported the same type of risk factor or
measure, the results were combined and analyzed using
Review Manager (RevMan version 5.2; Copenhagen,
Denmark: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2012). Standard mean differences (SMDs)
or pooled risk ratios (RRs) were generated to determine
the pooled effect size of each risk factor. The random
effects model was applied when I2 tests for heterogeneity
were moderate to high (.25%).27 When heterogeneity
was low (#25%), fixed effects modeling was applied.
Effect sizes for each continuous variable were defined
as trivial (0–0.2), small (0.2–0.6), moderate (0.6–1.2),
large (1.2–2.0), or very large (.2.0).28 Effect sizes for
each RR were likewise defined as trivial (1–1.2), small
(1.2–1.9), moderate (1.9–3.0), large (3.0–5.7), or very
large (.5.7).28
The P-value for significance of the pooled effects analyses was set at #0.05. Funnel plots were constructed where
four or more studies were included in the meta-analysis to
assess the influence of publication bias when the P-value
was $0.05. The study authors were emailed to request original data when raw scores or group data were not recorded in
the paper; however, no additional data were made available
to be included in meta-analyses.

Results
Description of studies
The initial database search found 768 articles that matched
the search terms. After predefined exclusion criteria were
applied, ten papers were identified for meta-analysis
(Figure 2). Studies excluded at the abstract review or full
text review stage were either retrospective or case-control
designs that would be unable to differentiate cause or effect
relationships. The risk of bias in these papers was high due
to failure to blind assessors. Some papers were excluded due
to nonspecific differentiation of lower leg pain and MTSS.
Some variables within the final ten papers were collected
only at diagnosis, so these variables were not analyzed. The
quality of the final ten papers was high against the criteria
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applied (Figure 3). A total of 13 variables were able to be
pooled for analysis (Table 2).

Risk factors and associations with MTSS
Navicular drop

Four papers reported results of the navicular drop test measured in millimeters. This is a test that measures the difference
in height of the navicular tuberosity in the subtalar neutral
stance position and the height of the navicular tuberosity
in relaxed stance.29,30 Three of the four papers measured
navicular drop with feet shoulder width apart, and one paper
performed the measurement in tandem stance position.31 This
test was found to be significantly associated with MTSS injury
(SMD 0.26, 95% confidence interval [CI] 0.02–0.50, P=0.03,
Figure 4). The meta-analysis indicates that a larger navicular
drop is associated with increased risk of MTSS.

Navicular drop .10 mm
Two papers evaluated a dichotomous variable of navicular
drop greater than 10 mm. This test was found to be significantly associated with MTSS injury (Figure 5). Those with a
navicular drop .10 mm are 1.99 times more likely to develop
MTSS than not (RR 1.99, 95% CI 1.00–3.96, P=0.05). The
meta-analysis also indicates that a larger navicular drop is
associated with increased risk of MTSS.

Pronated foot type
Three studies reported classification by foot type in their
papers. In two studies, this was done using either all or part
of the Foot Posture Index.32 The Foot Posture Index aggregates
categorical scores from six domains of foot classification,
ie, talar head palpation, malleolar curve, calcaneal position,
prominence of talonavicular joint, congruence of medial
longitudinal arch, and abduction/adduction of the forefoot
on rearfoot. Aggregated scores are then used to classify
the foot into pronated, normal, or supinated categories. In
a study reported by Sharma et al,33 foot type was classified
according to pressure plate data that determined proportion
of medial to lateral foot pressure during a barefoot walking task. For the purposes of this analysis, the results were
pooled and compared on a derived dichotomous variable of
“pronated” or “not pronated”. This measure was not found
to be a significant predictor of MTSS (RR 1.61, 95% CI
0.37–6.98, P=0.52)

Orthotic use
Three of the papers included in this review surveyed
participants on their prior orthotic insole use. A total of
403 participants were surveyed. Those who had used
Open Access Journal of Sports Medicine 2013:4
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Figure 3 Risk of bias summary: reviews authors’ judgments about each risk of bias item for each included study.
Note: Green = low risk; yellow = unclear risk; red = high risk.
Abbreviation: MTSS, Medial tibial stress syndrome.

o rthotics had a higher relative risk of developing MTSS (RR
2.31, 95% CI 1.56–3.43, P,0.0001, Figure 6).

Body mass index
Five papers provided body mass index (BMI) data. In a total
of 753 participants, higher BMI was significantly associated
with development of MTSS (SMD 0.24, 95% CI 0.08–0.41,
P=0.003, Figure 7).

Ankle dorsiflexion (soleus)
Four papers investigated the relationship of dorsiflexion
ROM at the ankle measured with the knee bent to diminish
any effect of gastrocnemius muscle tightness. A total of
886 individuals were tested. There was no significant pooled
effect relating this variable to the development of MTSS
(SMD -0.06, 95% CI −0.21 to 0.10, P=0.48).

Ankle dorsiflexion (gastrocnemius)
Five papers investigated the relationship of dorsiflexion
ROM at the ankle measured with the knee straight. A total of
Open Access Journal of Sports Medicine 2013:4

785 individuals were tested. Similarly, there was no significant
pooled effect relating this variable to the development of
MTSS (SMD 0.05, 95% CI −0.018 to 0.28, P=0.66).

Running experience
Four papers surveyed participants to establish their years of
running experience. Two papers reported only dichotomized
data that could not be equated for consistent analysis, leaving
two papers that could be pooled for analysis. In a total group
of 182 participants, there was a significant effect relating
decreased running experience to the development of MTSS
(SMD −0.74, 95% CI −1.26 to −0.23, P=0.005, Figure 8).

Previous MTSS history
Five of ten papers surveyed participants to establish if they
had suffered with any previous occurrence of MTSS. In a
total group of 515 participants, we found a large and significant effect relating a previous history of MTSS to repeat
occurrence of MTSS (RR 3.74, 95% CI 1.17–11.91, P=0.03,
Figure 9).
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Table 2 Risk factors and associations with MTSS
Outcome or subgroup

Studies

n

Statistical method

Effect estimate

Navicular drop
Navicular drop .10 mm
Foot type
Orthotic use
BMI
BMI ,18.5
Ankle DF ROM (soleus)
Ankle DF ROM (gastrocnemius)
More years of running
Previous history MTSS
Female gender
Male hip IR ROM
Male hip ER ROM

4
2
3
3
5
3
4
5
2
5
8
2
2

565
164
448
403
753
257
886
785
182
515
1226
268
268

SMD (IV, random, 95% CI)
Risk ratio (M-H, fixed, 95% CI)
Risk ratio (M-H, random, 95% CI)
Risk ratio (M-H, fixed, 95% CI)
SMD (IV, fixed, 95% CI)
Risk ratio (M-H, fixed, 95% CI)
SMD (IV, fixed, 95% CI)
SMD (IV, random, 95% CI)
SMD (IV, fixed, 95% CI)
Risk ratio (M-H, random, 95% CI)
Risk ratio (M-H, random, 95% CI)
SMD (IV, random, 95% CI)
SMD (IV, random, 95% CI)

0.26 (0.02–0.50)
1.99 (1.00–3.96)
1.61 (0.37–6.98)
2.31 (1.56–3.43)
0.24 (0.08–0.41)
1.16 (0.79–1.73)
-0.06 (-0.21–0.10)
0.05 (–0.18 to 0.28)
–0.79 (-1.15, -0.44)
3.74 (1.17–11.91)
1.91 (1.11–3.28)
0.36 (–0.31 to 1.03)
0.67 (0.29–1.04)

Abbreviations: BMI, body mass index; CI, confidence interval; DF, dorsiflexion; M-H, Mantel Haenszel test; IR, internal rotation; ER, external rotation; ROM, range of
motion; SMD, standard mean difference; MTSS, medial tibial stress syndrome; IV, inverse variance.

Female gender
Nine of ten papers involved both male and female participants.
In total, 187 cases of MTSS developed in 513 females and
210 cases of MTSS developed in 957 males. Females were
found to be at significantly higher risk of developing MTSS
than males, at a ratio of 1.71:1 (RR 1.71, 95% CI 1.15–2.54,
P=0.008, Figure 10).

Male hip external rotation
Two papers reported male and female hip rotation ranges
(internal and external) measured via goniometry. Both
reported male and female data separately. Increased external
rotation ROM of the hip was found to be significant only for
males (n=268) in this meta-analysis (SMD 0.67, 95% CI
0.29–1.04, P,0.001, Figure 11).

Discussion
In clinical practice, multiple risk factors are seen as being
linked to MTSS as a result of various research findings, or as
MTSS
Study of subgroup

11.6

4.4

11

Hubbard et al34

8.6

3.2

29

11.2

4.5

16

4.9

3

102

Yagi et al31
Total (95% Cl)

Test for overall effect: Z=2.13 (P=0.03)

SMD
IV, random, 95% Cl

8 4.1

59

11.7%

0.86 [0.20, 1.52]

3

117

25.5%

0.26 [−0.15, 0.67]

11 3.6

89

16.9%

0.05 [−0.48, 0.59]

4.35 2.9

142

45.9%

0.19 [−0.07, 0.44]

407 100.0%

0.26 [0.02, 0.50]

7.8

Heterogeneity: τ =0.02; χ =4.03, df=3 (P=0.29); I =26%
2

Greater navicular drop is associated with an increased risk of
developing MTSS. The effect size for the continuous variable
is small, suggesting that the MTSS group had only a slightly
increased navicular drop when compared with the uninjured
group. The mean difference in navicular drop between MTSS
and non-MTSS groups was 0.85 mm, which is a difference
that is almost clinically impossible to detect given that the
standard error of the measure is between 1.1 mm and 3.0 mm

Mean SD Total Weight

158
2

Structural/anatomic risk factors

No MTSS

Mean SD Total

Bennett et al78

Plisky et al80

a result of practitioners’ beliefs, experiences, biases, and
paradigms. Examples of the array of risk factors discussed
in the literature review for this paper are provided in Table 1.
The present paper provides clear evidence as to which risk
factors can be most reliably linked to MTSS in runners. We
propose and discuss a continuum model of pathogenesis
of MTSS within the context of current evidence, clinical
sequelae, related conditions, and the risk factors we have
identified (Figure 12).

SMD
IV, random, 95% Cl

2

−1 −0.5 0 0.5 1
No MTSS MTSS

Figure 4 Forest plot of comparison: risk factors and associations with MTSS and navicular drop.
Notes: Green squares = SMD for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; SD, standard deviation; SMD, standard mean difference; IV, inverse variance.
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Nav drop ≤10 mm

Nav drop >10 mm
Study of subgroup

Total

Events
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33

25.7%

3.38 [1.00, 11.50]
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Risk ratio
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Heterogeneity: χ 2=1.13, df=1 (P=0.29); I 2=11%
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Test for overall effect: Z=1.97 (P=0.05)
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Figure 5 Forest plot of comparison: risk factors and associations with MTSS and navicular drop .10 mm.
Notes: Blue squares = RR for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; M-H, Mantel Haenszel test; Nav, navicular; RR, risk ratio.
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Study of subgroup
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Events
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Risk ratio
M-H, fixed, 95% Cl

4

17

19

164

19.5%
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Figure 6 Forest plot of comparison: risk factors and associations with MTSS and orthotic use.
Notes: Blue squares = RR for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; M-H, Mantel Haenszel test; RR, risk ratio.
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Figure 7 Forest plot of comparison: risk factors and associations with MTSS and BMI.
Notes: Green squares = SMD for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: BMI, body mass index; CI, confidence interval; MTSS, medial tibial stress syndrome; SD, standard deviation; IV, inverse variance; SMD, standard mean difference.
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Figure 8 Forest plot of comparison: risk factors and associations with MTSS and years of running experience.
Notes: Green squares = SMD for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; SD, standard deviation; SMD, standard mean difference; IV, inverse variance.
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No Hx

Risk ratio
Total Weight M-H, random, 95% Cl
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Events

Bennett et al75
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1
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Hubbard et al
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Newman et al13
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Not estimable
22.7%

1.93 [0.78, 4.78]

Reinking et al77
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Yates and White12
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Test for overall effect: Z=2.23 (P=0.03)
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Figure 9 Forest plot of comparison: risk factors and associations with MTSS and previous history of MTSS.
Notes: Blue squares = RR for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; M-H, Mantel Haenszel test; Hx, previous history of MTSS; RR, risk ratio.

(intraclass correlation coefficient 0.84).31,34 The standard
error of the measure is the standard deviation of the measureremeasure difference distribution, and therefore reflects the
kinds of differences that might arise from measurement error
alone. There were some differences in how the reviewed
papers measured navicular drop. Whilst these differences
in methodology introduce variance,35 the fact that the metaanalysis still returns a significant finding emphasizes the
importance of the measurement.
It is likely that differences in measurement technique are
important, particularly when determining clinically relevant
cutoff values. Notably, the tandem stance technique appears
to yield much smaller differences in navicular height. When
the dichotomous variable, navicular drop greater than 10 mm,
was analyzed, the effect size improved to within the moderate range. Classification of individuals who are at risk of
Female
Study of subgroup

Male

developing MTSS using this cutoff point is a much more useful
clinical tool, and one that can be used with confidence.
Pronated foot type and dynamic overpronation have long
been thought to contribute to higher loads in the kinetic chain
and therefore to higher rates of injury.36 Various kinematic
analyses have investigated lower limb loads, in association
with pronation rate and amplitudes with various results
that are beyond the scope of this paper.35,37–39 Irrespective
of the consensus or otherwise of these papers, pronated
foot type was not found to be associated with MTSS in this
meta-analysis. Whilst the navicular drop test and the Foot
Posture Index have demonstrated good intertest reliability
independently of each other,40,41 the correlation between these
two methods has not been established. Both are measures
of pronation, but only navicular drop appears to be a useful predictor in MTSS. It may be important that the medial
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Heterogeneity: τ 2 =0.24; χ 2=44.88, df=8 (P<0.00001); I 2=82%
Test for overall effect: Z=2.67 (P=0.008)
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Figure 10 Forest plot of comparison: risk factors and associations with MTSS and female gender.
Notes: Blue squares = RR for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; M-H, Mantel Haenszel test; RR, risk ratio.
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Figure 11 Forest plot of comparison: risk factors and associations with MTSS and male hip external rotation ROM.
Notes: Green squares = SMD for each study, the size of the squares represent relative n. Black diamond = pooled effect of variable.
Abbreviations: CI, confidence interval; MTSS, medial tibial stress syndrome; SD, standard deviation; ROM, range of motion; IV, inverse variance; SMD, standard mean difference.

longitudinal arch control systems, both passive and active,
need to be isolated from calcaneal and subtalar systems to
enable further understanding of these relationships.35,42–45
Increased BMI was significantly associated with development of MTSS. However, the effect size was small. This
finding could mean that the heavier impact loads that are
likely to be associated with increased BMI are a factor,
or that deconditioning plays a part. Fitness data for these
participants were not included in the papers, but would be a
useful addition to further studies in this area. The mean BMI
values in these papers and the ranges, where reported, do
not suggest that these participants were anything but within
the normal range. Further investigation of fitness, bone/fat/
muscle ratios, and MTSS prevalence is needed. Low BMI
of ,18.5 was not found to be a significant risk factor for
MTSS in this meta-analysis.
Increased or decreased range of motion of dorsiflexion
can be confidently ruled out as a risk factor for the development of MTSS. While tightness of plantar flexors is often
a feature of MTSS sufferers, it is likely an effect of the

condition and not a cause. Stretching of gastrocnemius and
soleus is commonly advised for runners to avoid injury,
because improvements in range of motion at the ankle are
thought to assist the absorption of impact loads. Whether
stretching is useful in either the treatment or prevention of
MTSS is beyond the scope of this paper.

Historical risk factors
Fewer years of running experience was significantly related
to the development of MTSS. Conditioning of neuromuscular and bone adaptation systems is clearly important within
current understanding about the pathology of MTSS.42,46–49
Previous studies have shown that the recovery time from
MTSS is generally long. This is best illustrated in a randomized controlled trial by Moen et al, which revealed that recovery to the level of presymptomatic running volumes took
6–10 months for the majority of sufferers.23 Determination
of cutoff values for running experience and MTSS risk are
needed for further clarification. The effect of preconditioning programs for reducing injury in runners has not yet been

The MTSS continuum
Anatomical risks
Male increased hip external rotation Z=3.48

Historical risks
Prior orthotic use Z=4.17

Gender risks

Altered kinematics

Male increased hip external rotation Z=3.48

Fewer years of running Z=2.84

Female Z=2.67

Increased BMI Z=3
Previous history of MTSS Z=2.23
Navicular drop >10 mm Z=1.97

Hormonal or nutritional factors

The unknowns
Insufficient conditioning bone/muscle
Myofascial overload

Medial
Tibial
Stress
Syndrome

Chronic diffuse bone resorption =MTSS

Unknown kinematic deficiency
Bone stress reaction

Failed bone healing

Unknown neuromuscular deficiency
Legend
Partial or minimal evidence

Chronic exertional compartment syndrome

Acute localized stress fracture

Supported by evidence
Popliteal artery entrapment syndrome

Other contributing pathology

Figure 12 Proposed continuum model of pathogenesis of MTSS.
Abbreviations: BMI, body mass index; MTSS, medial tibial stress syndrome.
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established; however, a randomized controlled trial has
shown that a 4-week program is insufficient.50 Data on the
volume and intensity of training, and the nature of training
surface, also need to be gathered as qualifiers to help understand what constitutes an optimal time for positive adaptation.
This risk factor is probably the most modifiable and therefore
the most important to investigate and understand in more
detail. Standardization of data is important here and should
include frequency, distance, and speed as a minimum for
future comparisons.51
Prior use of orthotics was found to be a highly significant
risk factor for developing MTSS. The effect size was large.
Examining the relationship between orthotic use and subsequent development of MTSS necessitates consideration of
what orthotics do. Kinematic effects,52 neuromuscular pattern
effects,46,53,54 and shock attenuation effects44,55 of orthotics
are not well understood. Orthotics are commonly prescribed
to correct or support a foot that has been deemed to be in
less than optimal alignment, but their role in prevention
and intervention is unclear according to a recent systematic
review.56 Our analysis suggests their use is a causative risk
factor and therefore they are not useful for prevention. The
mechanism of this effect is unclear. It could be a result of
deconditioning of the lower limb or foot musculature, but no
study has detected weakness or lack of muscular endurance to
be a risk. If orthotics have a shock attenuation effect, it may
be that the tibial bone is not loaded sufficiently for adequate
adaptation to occur. At least 25% of the participants included
in this meta-analysis had been prescribed orthotics prior
to developing MTSS. The orthotic materials, designs, and
nature of corrections are not specified in the papers used for
the current analysis. A recent systematic review with metaanalysis54 highlights the complexity and variability of orthotic
effects in the domains of shock attenuation, kinematics, and
neuromuscular control. Design and material properties, as
well as history of injury, will influence the effect of orthotics.
For example, Mills et al found that in uninjured subjects, only
a posted-molded orthotic had a positive shock attenuation
effect.54 Peak rearfoot eversion was reduced by orthotics, but
only if the orthotics were nonmolded and only in uninjured
subjects. Further, orthotic use was associated with increases
in electromyographic activity of tibialis anterior and peroneus
longus by between 19% and 37% of maximal voluntary
contraction with no increase in soleus or tibialis posterior
activity, but these effects were different depending on injury
status. Without knowledge of orthotic types involved in each
of the meta-analysis papers, application of these findings to
the present study is not possible.
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There was a large and significant effect linking a previous
history of MTSS to the development of repeat occurrence
of MTSS. Either the causes of MTSS are persistent because
they are intrinsic, or the effects of MTSS are resistant to
change. Magnusson et al found residual evidence of bony
demineralization in MTSS sufferers for up to 8 years after
an episode.15 Myofascial structures tend to heal more rapidly
than bone or entheses57,58 and this lends weight to the theory
of failed bone healing in MTSS. This is a nonmodifiable risk
factor that endorses the need to focus on strategies to prevent
MTSS from developing.

Gender-related risk factors
The risk factors for developing MTSS have previously been
shown to differ between genders.59 In this paper, increased
external rotation ROM of the hip was found to be a significant
predictor of MTSS, but only in males. Both of the relevant
papers in this analysis used passive hip ROM measures with
the hip in 90 degrees of hip flexion. It is currently unclear how
motion measured in this way is related to running postures.
There are known and significant differences between both
active and passive external rotation ROM measures taken at
90 degrees of hip flexion versus those taken at 0 degrees flexion.60–63 There is no reported consistent difference in hip external rotation ROM between males and females; however, earlier
lumbopelvic movement in men when performed actively has
been identified.64 It is possible that the passive ROM of hip
external rotation may lead to an altered movement pattern in
running that is specific to males. Hip muscle activation patterns
have been found to influence impact loads distally.65
Females are at significantly greater risk of developing
MTSS than males. A number of studies have investigated
gender-related differences in running kinematics.63,66 These
studies have shown female runners to have greater knee
abduction at heel contact, decreased knee flexion, increased
peak internal rotation of the hip, and increased femoral
adduction. These variables appear to fit a pattern associated
with MTSS sufferers as well as anterior cruciate ligament
injury and patellofemoral pain syndrome, but none of these
variables were able to be included in this meta-analysis.37
Kinematics may also be influenced by hormonal status and
phase.67 Further studies need to investigate female kinematics
prospectively for an association with MTSS and to incorporate gender as a covariate in the study design.
Female athletes typically have later onset of menarche,
and female runners suffer more commonly from menstrual
disturbance than the general population. The latter feature
has been associated with lower bone mineral density68 but
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not consistently in the tibia. It is possible that female runners
are at risk of MTSS if they are starting from a lower base
amount of bone density. Bennell et al, in a prospective study
of 53 female athletes, found age of menarche, menstrual
disturbance, lower bone mineral density, leg length discrepancy, less lean mass of the shank, and a lower fat diet were
significant risk factors for stress fracture in females. None of
these risk factors were predictive in males.69 Further prospective analysis of these risk factors in females who develop
MTSS is warranted.

Continuum theory of pathogenesis
of MTSS
The factors addressed in this review can be linked in a
model that combines the factors with processes that represent a continuum of increasing risk of developing MTSS
(Figure 12). Many of these processes (“the unknowns”) are
yet to be supported by prospective evidence. The mechanism
by which these risk factors influence the development of
MTSS remains unclear.
Cohort studies have identified altered kinematics in
MTSS sufferers, which may partly explain the link between
previous history of MTSS and future MTSS, but to date
no prospective trial has identified a specific kinematic risk
factor.
The contributions and interrelationships between popliteal
artery entrapment syndrome, chronic exertional compartment
syndrome, stress fracture, and MTSS are also unclear, yet
clinically they can coexist. This model may provide a visual
representation of where further research may focus.

Conclusion
Female gender, a previous history of MTSS, fewer years of
running experience, orthotic use, increased BMI, an increased
navicular drop, and increased external rotation hip ROM
in males are all significantly associated with an increased
risk of developing MTSS in runners. The mechanism by
which these risk factors influence the development of MTSS
remains unclear.

Implications for practice
Runners who have combinations of risk factors identified in
this paper should be advised to minimize their total impact
loads whilst attempting to modify their risk. For example,
a runner with a history of MTSS and who has navicular
drop .10 mm should be closely monitored in building their
running, until they have survived long enough to have a
“low-risk” volume of running established. This precaution
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is enhanced if they are female or have high hip external
rotation range as a male.

Implications for research
The suite of variables identified in this review needs to be
tested in a prospective trial to see if the calculated risks are
confirmed. A large field study of these variables is needed
to build a predictive model and algorithm, and to establish
cutoff values for the various factors. Future studies should
analyze males and females separately, given that risk factors
vary by gender.
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Abstract
Objective To examine the relationship between two clinical test results and future diagnosis of
(Medial Tibial Stress Syndrome) MTSS in personnel at a military trainee establishment. Design
Data from a preparticipation musculoskeletal screening test performed on 384 Australian
Defence Force Academy Officer Cadets were compared against 693 injuries reported by 326 of
the Officer Cadets in the following 16 months. Data were held in an Injury Surveillance database
and analysed using chi(2) and Fisher's Exact tests, and Receiver Operating Characteristic Curve
analysis. Main outcome measure Diagnosis of MTSS, confirmed by an independent blinded
health practitioner. Results Both the palpation and oedema clinical tests were each found to be
significant predictors for later onset of MTSS. Specifically: Shin palpation test OR 4.63, 95% CI
2.5 to 8.5, Positive Likelihood Ratio 3.38, Negative Likelihood Ratio 0.732, Pearson chi(2)
p<0.001; Shin oedema test OR 76.1 95% CI 9.6 to 602.7, Positive Likelihood Ratio 7.26, Negative
Likelihood Ratio 0.095, Fisher's Exact p< 0.001; Combined Shin Palpation Test and Shin Oedema
Test Positive Likelihood Ratio 7.94, Negative Likelihood Ratio < 0.001, Fisher's Exact p< 0.001.
Female gender was found to be an independent risk factor (OR 2.97, 95% CI 1.66 to 5.31,
Positive Likelihood Ratio 2.09, Negative Likelihood Ratio 0.703, Pearson chi(2) p< 0.001) for
developing MTSS. Conclusion The tests for MTSS employed here are components of a normal
clinical examination used to diagnose MTSS. This paper confirms that these tests and female
gender can also be confidently applied in predicting those in an asymptomatic population who
are at greater risk of developing MTSS symptoms with activity at some point in the future.
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(b) proposed changes in the protocol; and
(c) unforeseen events that might affect continued ethical acceptability of the project.
2) Monitoring: You, in conjunction with your supervisor, must assist the Committee to monitor
the conduct of approved research by completing and promptly returning project review forms,
which will be sent to you at the end of your project and, in the case of extended research, at
least annually during the approval period.
3) Discontinuation of research: You, in conjunction with your supervisor, must inform the
Committee, giving reasons, if the research is not conducted or is discontinued before the
expected date of completion.
4) Extension of approval: If your project will not be complete by the expiry date stated above,
you must apply in writing for extension of approval. Application should be made before current
approval expires; should specify a new completion date; should include reasons for your
request.

5) Retention and storage of data: University policy states that all research data must be stored
securely, on University premises, for a minimum of five years. You and your supervisor must
ensure that all records are transferred to the University when the project is complete.
6) Changes in contact details: You should advise the Committee of any change of address during
or soon after the approval period including, if appropriate, email address(es).

Please add the Contact Complaints form (attached) for distribution with your project.

Yours sincerely

Michaela Dalgleish
Secretary

Michaela Dalgleish
Research Ethics Officer
Research Services Office
T (02) 6201 5870
F (02) 6201 5466
E Michaela.Dalgleish@canberra.edu.au
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TEST

215

UNCONTROLLED IF PRINTED
ANNEX B TO CHAPTER 4

HLTHMAN, volume 23

INFORMATION SHEET AND CONSENT FORM

B

"Physiotherapy Musculoskeletal Screening for Injury Detection and Prevention in
Australian Defence Force Cadets".
1

Brief description of the study.
This study will evaluate commonly used measures of agility, joint position sense, balance control,
and joint laxity in a group of defence force cadets. The measures selected aim to test neuromotor
control systems thought to be most closely associated with optimal performance and falls
prevention. The study will determine the screening tests that are most appropriate in this athlete
group for detecting existing injury and for predicting risk of injury.
Your part in the study.
Selection of Participants- Participants will be offered the screening as a part of their usual initial
fitness screening program during the Year One Familiarization Training (YOFT) period.
Time Required - The screening will take 30 minutes per individual.
Procedure - You will need to complete an information sheet (pg4) PRIOR TO ATTENDANCE. If
you have any previous injuries, these must be recorded on the information sheet as this will guide
the physiotherapists in their assessment and will help ensure your safety during testing. Bring the
information sheet with you. You will need to warm up before you perform the tests. A light run of a
few hundred metres is recommended just prior to testing.
On arrival, you will cycle through 7 testing stations, each station being manned by a
physiotherapist or PTI. One or more tests will be performed at each station. A description of each
test follows.
Test descriptions
Screening Tests Include
Hexagon Hop Test: Hop in and out of a hexagon always facing the same direction. Complete as
1
many revolutions in 10 seconds clockwise then anticlockwise. Repeat for each leg.
nd

Hop and Hold Tests: Hop, turn and hold 2 seconds every 2 apex of a hexagon. Complete 6
hops each direction on each leg.
Hop for Distance Test: From a single leg start, measure the maximum distance subject can hop
2
each leg.
Ankle and Knee Ligament tests: A set of standard clinical tests for ligament laxity will also be
conducted for knees and ankles as would be in a normal clinical examination of these joints.
Shoulder Ligament tests: A set of standard clinical tests for ligament laxity will also be
conducted for shoulders as would be in a normal clinical examination of these joints.

1

http://topendsports.com/testing/tests/hexagon.htm

2

Kramer JF, Nasca D, Fowler P et al: Test-retest reliability of the one-leg Hop test following ACL reconstruction. Clinical Journal of Sports

Medicine, 2-4, 240, 1992.
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Spinal Range of Motion: A physiotherapist will observe your posture and how far your spine is
able to move in different directions. You may be required to remove your shirt for this test. You will
be in a private cubicle with a physiotherapist but females may wish to wear a sports top for
modesty.
Pelvic Stability test: A progressive strength and control test to determine your ability to maintain
pelvic position with increasing load of arms and legs.
Modified sit and reach test: A standard clinical test for lower body flexibility.
Dynamic Shoulder test: A functional test of shoulder stability and strength. A speed test lifting a
2-3kg weight off the floor as many times in 15 seconds.

The results of your test will be stored in a secure database. After analysis, your test results will be
assigned a recommendation;





PASS - No abnormality detected precluding sports participation.
FAIL - Unable to complete minimum expectation of sports fitness.
REMEDIAL - Specific rehabilitation required to meet minimum expectation of sports fitness.
Retest at a later date.
ASSESSMENT – Further investigation is required before recommendation can be made.

This recommendation will be made available to yourself, your DO and OC P&RT. Any decision
about consequent sports participation will be made by your DO and OC P&RT.

Risks of participating.
Some of the tests may require you to remove shoes.
If you feel incapable of performing any test or you do not feel safe or confident to attempt a test,
you must inform the assessor immediately.
Some of the tests may cause some muscle soreness for up to 3 days following testing.
It is possible a participant could injure themselves if they were to slip, fall or stumble during the
tests. Floor surfaces and participants shoes should be non-slip.
An experienced Sports Physiotherapist will be in attendance. A first aid kit, including ice is
available within 20 metres of the testing lab. A medical centre is located within 100 metres of the
testing facility .If you have any questions prior to or during testing please ask the physiotherapists.
Australian Defence Force members will be considered ‘on duty’ during participation.
Statement of Privacy.
Data will be encoded so that you cannot be identified. Only the researchers will have access to the
original data. Paper records will be stored under lock and key and electronic data will be stored on
a password-protected computer. All data will be stored at the University of Canberra for 10 years
when the project is complete and at the end of this period the data will be deleted or shredded.
Your name will not be recorded in any publication of the results.
Participant records.
Where the study is a clinical trial, as per the National Health and Medical Research Council
definition, a nominal roll of study participants will be provided to the Australian Defence Human
Research Ethics Committee (ADHREC) for the sole purpose of facilitating the tracing of
participants should anything untoward develop in the future that may be related to this study. This
ADHREC Protocol number:
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information will be stored in the protocol file, will only be accessible to the ADHREC Executive
Secretary and may assist the future health care of individual study participants.
Other relevant human research ethics considerations. Section 14 of the protocol application
form lists various potential human research ethics considerations. Where appropriate a statement
addressing any relevant elements of those considerations should form part of the informed
consent process.
Video/still images
‘Video clips and still shots may be used for reports and presentations, therefore if these images
are used you may be identifiable. Please sign and date one of the following options.
I GIVE permission for the researchers to use video clips or still shots which may identify me.
I GIVE permission for the researchers to use video clips, or still shots only where my face is
pixelated (thus de-identifying me).
I DO NOT GIVE permission for the researcher to use video clips or still shots that may identify me
whether pixelated or not.
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4B–2
Details of Investigators.
Please ask at any time if you have any questions about any aspect of the study. You have the
right to withdraw from the project at any time. For students of the University of Canberra,
participation or withdrawal from the study will not affect your academic progress or your
relationship with the University.
If you require any further information or have any concerns following your participation please
contact either:
Mr Phillip Newman

telephone 02 6201 2831 or

Dr Gordon Waddington,

telephone 02 6201 2737.

Should you have any complaints or concerns about the manner in which this project is conducted,
please do not hesitate to contact the researchers in person, or you may prefer to contact the
Australian Defence Human Research Ethics Committee at the following address:
Executive Secretary
Australian Defence Human Research Ethics Committee
CP2–6-104
Department of Defence
CANBERRA ACT 2600
Telephone: (02) 6266 3837
Facsimile: (02) 6266 3881
Email: ADHREC@defence.gov.au
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CONSENT

4.1

"Physiotherapy Musculoskeletal Screening for Injury Detection and Prevention in
Australian Defence Force Cadets".
I, ................................................................………………... give my consent to participate in the
project mentioned above on the following basis:
I have had explained to me the aims of this research project, how it will be conducted and my role
in it.
I understand the risks involved as described above.
I am cooperating in this project on condition that:



the information I provide will be kept confidential,



the information will be used only for this project, and



the research results will be made available to me at my request and any published reports
of this study will preserve my anonymity.

I understand that:



there is no obligation to take part in this study,



if I choose not to participate there will be no detriment to my career or future health care,
and



I am free to withdraw at any time with no detriment to my career or future health care.

I have been given a copy of the information/consent sheet, signed by me and by the principal
researcher (name) to keep.
(For clinical trials only) I understand that, as I am participating in a clinical trial, my name and
regimental details (where applicable) will be provided to the Australian Defence Human Research
Ethics Committee (ADHREC) in case I need to be traced at some time in the future. This
information will be kept secure and will only be accessible to ADHREC for this purpose and none
other.
I have also been given a copy of ADHREC’s Guidelines for Volunteers.

_______________________________Signature of volunteer
_______________________________Name in full
_______________________Date

_______________________________Signature of Researcher
_Phillip M Newman__________________Name in full
_______________________Date
ADHREC Protocol number:
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Should you have any complaints or concerns about the manner in which this project is conducted, please
do not hesitate to contact the researchers in person, or you may prefer to contact ADHREC at the
following address:
Executive Secretary
Australian Defence Human Research Ethics Committee
CP2–6-104
Department of Defence
CANBERRA ACT 2600
Telephone: (02) 6266 3837
Facsimile: (02) 6266 3881
Email: ADHREC@defence.gov.au

ADHREC Protocol number:
Information/Consent form version number, dated:
of
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19 December 2012

APPROVED - Project number 12-203

Mr Phillip Newman
Faculty of Health
University of Canberra
Canberra ACT 2601
Dear Phillip,
The Human Research Ethics Committee has considered your application to conduct research with human
subjects for the project Reliability of self-report versus unaided observation versus video analysis for
classifying footstrike pattern in running.
Approval is granted until 30 September 2013, the anticipated completion date stated in the application.
The following general conditions apply to your approval.
These requirements are determined by University policy and the National Statement on Ethical Conduct in
Human Research (National Health and Medical Research Council, 2007).
Monitoring:

You, in conjunction with your supervisor, must assist the Committee to monitor the conduct of approved
research by completing and promptly returning project review forms, which will be sent to you at the end of
your project and, in the case of extended research, at least annually during the approval period.

Discontinuation
of research:
Extension of
approval:

You, in conjunction with your supervisor, must inform the Committee, giving reasons, if the research is not
conducted or is discontinued before the expected date of completion.

Retention and
storage of data:

University policy states that all research data must be stored securely, on University premises, for a minimum
of five years. You must ensure that all records are transferred to the University when the project is complete.

Contact details
and notification
of changes:

All email contact should use the UC email address. You should advise the Committee of any change of
address during or soon after the approval period including, if appropriate, email address(es).

If your project will not be complete by the expiry date stated above, you must apply in writing for extension of
approval. Application should be made before current approval expires; should specify a new completion date;
should include reasons for your request.

Please add the Contact Complaints form (attached) for distribution with your project.
Yours sincerely
Human Research Ethics Committee

Hendryk Flaegel
Ethics & Compliance Officer
Research Services Office
T (02) 6201 5220 F (02) 6201 5466
E hendryk.flaegel@canberra.edu.au
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Participant Information Form
Project Title
“Reliability of self report versus unaided observation versus video analysis for classifying
footstrike pattern in running”
Researchers
The following researchers are involved in this study:
 Mr Phillip Newman, Faculty of Health Sciences University of Canberra Australia;
 Dr Gordon Waddington, Faculty of Health Sciences University of Canberra Australia;
 Dr Roger Adams (Adjunct) Faculty of Health Sciences University of Canberra Australia
Project Aim
This study aims to determine the reliability of a classifying different foot contact patterns in
runners. The study will compare participant self report, versus observation of running, versus
slow motion video analysis to see if there is any difference between measurements.
Background
Footstrike pattern has been associated with different injuries in running populations. Various
groups advocate one style over another in order to manage these injuries. Interventions that
involve changing footstrike pattern assume this can be reliably determined. This study aims to
evaluate how reliable this determination is.

Benefits of the Project
Before running technique can be appraised and “corrected” reliability of measurement needs
to be determined.

Participant Involvement
Selection of Participants- An invitation to participate will be extended via web advertising.
Participation is voluntary and you may withdraw at anytime from this study.
Time Required – 35 minutes per individual.
Procedure – Participants will be required to read a description of the study and provide
consent to participate. Participants will need to be in shorts that expose their lower leg to mid
thigh. Adhesive markers will be placed around the ankles, knees and hips. Participants will
then be asked to jog at their own pace past 2 video cameras, and 3 observers 6 times. The
video recorders will store footage of each run. The total run distance will only be 120 metres.
Participants will be asked to classify their own footstrike pattern based on what part of their
foot they think hits the ground when they run. Total time required will be about 35 minutes.
Risks – The project requires you to expose your lower leg from your ankle to the middle of
your thigh.

1

Data and Privacy
Data files will be coded so that you cannot be identified. Only the researchers will have
access to the original data. Paper records will be stored under lock and key and electronic
data will be stored on a password-protected computer. All data will be stored at the University
of Canberra for 5 years when the project is complete and at the end of this period the data will
be deleted or shredded. Your name will not be recorded in any publication of the results.
Ethics Committee Clearance
This project has been approved by the Committee for Ethics in Human Research of the
University, project number CEHR12-203
Queries and Concerns
Please ask at any time if you have any questions about any aspect of the study. You have the
right to withdraw from the project at any time.
If you require any further information or have any concerns following your participation please
contact either:
Mr Phillip Newman

telephone 02 6201 2831 or

Dr Gordon Waddington,

telephone 02 6201 2737.

2

Consent to Participate

I have read and understood the Participant information form and willingly give my consent to
participate in this study titled:
“Reliability of self report versus unaided observation versus video analysis for classifying
footstrike pattern in running”
Name:____________________________

Signature:

Date:

___/___/___

3

“Reliability of self report versus unaided observation versus
video analysis for classifying footstrike pattern in running”
Self report:
Name_______________

When I JOG the first part of my foot to contact the ground is my (circle one);
HEEL
TOES
SOLE OF FOOT

When I SPRINT the first part of my foot to contact the ground is my (circle one);
HEEL
TOES
SOLE OF FOOT

4
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6 February 2014

APPROVED - Project number 14-04

Assistant Professor Phillip Newman
Faculty of Health
University of Canberra
Canberra ACT 2601
Dear Phillip,
The Human Research Ethics Committee has considered your application to conduct research with human
subjects for the project titled Effectiveness of extracorporeal shockwave therapy versus placebo
extracorporeal shockwave therapy in medial tibial stress syndrome.
Approval is granted until 31 January 2015.
The following general conditions apply to your approval.
These requirements are determined by University policy and the National Statement on Ethical Conduct in
Human Research (National Health and Medical Research Council, 2007).
Monitoring:

You, in conjunction with your supervisor, must assist the Committee to monitor the conduct of approved
research by completing and promptly returning project review forms, which will be sent to you at the end of
your project and, in the case of extended research, at least annually during the approval period.

Discontinuation
of research:
Extension of
approval:

You, in conjunction with your supervisor, must inform the Committee, giving reasons, if the research is not
conducted or is discontinued before the expected date of completion.

Retention and
storage of data:

University policy states that all research data must be stored securely, on University premises, for a minimum
of five years. You must ensure that all records are transferred to the University when the project is complete.

Contact details
and notification
of changes:

All email contact should use the UC email address. You should advise the Committee of any change of
address during or soon after the approval period including, if appropriate, email address(es).

If your project will not be complete by the expiry date stated above, you must apply in writing for extension of
approval. Application should be made before current approval expires; should specify a new completion date;
should include reasons for your request.

Yours sincerely
Human Research Ethics Committee

Hendryk Flaegel
Research Ethics & Compliance Officer
Research Services Office
T (02) 6201 5220 F (02) 6201 5466
E hendryk.flaegel@canberra.edu.au
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INFORMATION SHEET AND CONSENT FORM

B

" Effectiveness of extracorporeal shockwave therapy (ESWT) versus
placebo extracorporeal shock wave therapy in medial tibial stress syndrome."
1

Brief description of the study.
Up to 30 % of runners develop medial tibial stress syndrome (MTSS). Often this requires lengthy disruption to training and
sometimes will affect daily function. There is currently no high quality evidence to support any particular treatment for the
condition known as MTSS. ESWT has been successfully used for the treatment of tendon injuries in the heel, foot and shoulder
for approximately 15 years. It uses pulses of sound to trigger a repair response in the targeted tissues and has a very low
adverse side effect rate.This study aims to investigate the effectiveness of ESWT in the treatment of MTSS.
Your part in the study.
Selection of Participants- You will be offered the chance to participate in the project if you have been diagnosied with medial
tibial stress syndrome.
Time Required - 5 treatment sessions scheduled at week 1,2,3,5 and 9. Each treatment session will last 30 minutes. The first and
last session will include a treadmill run of up to 18 minutes. Total time required will therefore be about 3.5 hours over 9 weeks.
Procedure:
 First session; explanation of project and invitation to consent- 10 mins
 Survey- your details, running times and mileage, any current symptoms. 15 mins
 You will then be asked to run on a treadmill for up to 18 minutes and any symptoms will be recorded.
Running will be captured on video camera to evaluate running technique. (Video clips and still shots
may be used for reports and presentations, therefore if these images are used you may be identifiableplease indicate your preference for use of these images at the end of this document )(5-18 mins)
 ESWT will be applied according to randomised protocols at week 1,2,3,5 and 9 (15 minutes each
session).
 Follow-up testing- repeat survey, repeat treadmill run (60 mins)

Risks of participating.
1.Mild discomfort to moderate pain during the treatment application which does not extend beyond the therapy session.
2. There are no foreseen risks other than those normally associated with running exercise.
It is possible a participant could injure themselves if they were to slip, fall or stumble during the pre or post treatment run. Floor
surfaces and participants shoes should be non-slip.
Australian Defence Force members will be considered ‘on duty’ during participation.
Statement of Privacy.
Data will be encoded so that you cannot be identified. Only the researchers will have access to the original data. Paper records
will be stored under lock and key and electronic data will be stored on a password-protected computer. All data will be stored
at the University of Canberra for 5 years when the project is complete and at the end of this period the data will be deleted or
shredded. Your name will not be recorded in any publication of the results.
Please ask at any time if you have any questions about any aspect of the study. You have the right to withdraw from the project
at any time.

If you require any further information or have any concerns following your participation please contact either:
Mr Phillip Newman

telephone 02 6201 5843 or

Should you have any complaints or concerns about the manner in which this project is conducted, please do not hesitate to
contact the researchers in person, or you may prefer to contact the University Of Canberra Human Research Ethics Committee
at the following address:
Secretary
Human Research Ethics Committee
Room 1D88
Phone: 02 6201 5220
Email: humanethicscommittee@canberra.edu.au
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CONSENT
" Effectiveness of extracorporeal shockwave therapy versus
placebo extracorporeal shock wave therapy in medial tibial stress syndrome ".
4.1

I, ................................................................………………... give my consent to participate in the project as
outlined in the information sheet on the following basis:
I have had explained to me the aims of this research project, how it will be conducted and my role in it.
I understand the risks involved as described above.
I am cooperating in this project on condition that:

•

the information I provide will be kept confidential,

•

the information will be used only for this project, and

•

the research results will be made available to me at my request and any published reports of this
study will preserve my anonymity.

I understand that:

•

there is no obligation to take part in this study,

•

if I choose not to participate there will be no detriment to my career or future health care, and

•

I am free to withdraw at any time with no detriment to my career or future health care.

I have been given a copy of the information/consent sheet, signed by me and by the principal researcher
to keep.

_______________________________Signature of volunteer
_______________________________Name in full
_______________________Date

_______________________________Signature of Researcher
Phillip M Newman__________________Name in full
_______________________Date
Video/still images
‘Video clips and still shots may be used for reports and presentations, therefore if these images are used
you may be identifiable. Please sign and date one of the following options.

I GIVE permission for the researchers to use video clips or still shots which may identify me.

I GIVE permission for the researchers to use video clips, or still shots only where my face is pixelated
(thus de-identifying me).

I DO NOT GIVE permission for the researcher to use video clips or still shots that may identify me whether
pixelated or not.
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APPENDIX J
RUNNING TECHNIQUE MODIFICATION IS WIDELY ADVOCATED WITHIN
RUNNING COMMUNITIES

http://runforefoot.com/wp-content/uploads/2015/01/forefoot-strike-vs-heel-strike-muscle-activity-tibialisanterior-energy-runforefoot-bretta-riches.jpg last accessed 21/3/16

How to Fix Shin Splints with Forefoot Running Posted on 03/01/2015byBretta RichesinBenefits of
Running Forefoot// 0 Comments http://runforefoot.com/forefoot-running-reduces-tibialis-anteriorenergy/ last accessed 09/02/2016

https://kineticfix.files.wordpress.com/2014/09/injury-equatione1303429868404.jpghttp://kineticfix.com/2014/09/05/detroit-marathon-week-12-training-recap/ last
accessed 09/02/2016
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