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ABSTRACT

THACKER, S. B., 1. GILCHRIST, D. F. STROUP, and C. D. KIMSEY. The prevention of shin splints in sports: a systematic review
of literature. Med. Sci. Sports Exerc., Vol. 34, No. 1, 2002, pp. 32-40. Purpose: To review the published and unpublished evidence
regarding risk factors associated with shin splints, assess the effectiveness of prevention strategies, and offer evidence-based
recommendations to coaches, athletes, and researchers. Methods: We searched electronic data bases without language restriction,
identified citations from reference sections of research papers retrieved, contacted experts in the field, and searched the Cochirane
Collaboration. Of the 199 citations identified, we emphasized results of the four repbrts that compared methods to prevent shin splints.
We assessed the methodologic quality of these reports by using a standardized insrument. Results: The use of shock-absorbent insoles,
foam heel pads, heel cord stretching, alternative footwear, as well as graduated running programs among military recruits have
undergone assessment in controlled trials. There is no strong support for any of these interventions, and each of the four controlled trials
is limited methodelogically. Median quality scores in these four studies ranged from;29 to 47, and serious flaws in study design, control
of bias, and statistical methods were identified. Conclusion: Our review yielded ttle objective evidence to support widespread use
of any existing interventions to prevent shin splints. The most encouraging evidenge for effective prevention of shin splints involves

J the use of shock-absorbing insoles. However, serious flaws in study design and implementation constrain the work in this feld thus
far. A rigorously implemented research program is eritically needed to address this common sports medicine problem. Key Words:
INJURY, LOWER EXTREMITY, ATHLETES :

ublished studies have shown that shin splints ac- DEFINITION OF SHIN SPLINTS

count for 6-16% of injuries among runners

{34,47.,60,88,94,107,108), and this problem was the
third most commeon injury reported in a 1977 Runners’
World survey (82). The most common diagnosis among
495 adult patients reporting leg pain at a Swedish sports
medicine clinic was medial tibial syndrome {58%)} and,
together with stress fractures, accounted for 75% of all
shin pain (108). Some researchers consider shin splints to
be the most common cause of disabling leg pain in young
competitive athletes (1,56). Shin splints accounted for
19.5% of 41 injuries seen in 2537 track athletes competing
for 17 high school teams during a 77-d season (158). Shin
splints were also the most common injury reported in a
national survey of ballet companies (157). In military
studies, 4-10% of recruits were diagnosed with shin
splints in 8- to 12-wk basic training (5.49).

Described in 1913 as “spike soreness” in runners (54}, the
meaning of the term shin splints is controversial. In 1966,
the American Medical Association defined shin splint syn-
drome as “pain and discomfort in the leg from repetitive
activity on hard surfaces, or due to forceful, excessive use of
foot flexures. The diagnosis should be limited to musculo-
skeletal inflammations excluding stress fractures or isch-
emic disorders” (3). The AMA definition, however, has not
been accepted universally. Some clinicians argue that the
term “shin splints” should be applied to any exertional pain
that occurs in the shins (7). Others argue that the term should
be used oily to describe a few specific clinical entities (95).
And still others content that the term “shin splints™ should
be reserved as a generic term for lower leg pain once stress
fractures, specific compartment syndromes, and muscle her-
niae have been excluded (8,10.43). In our literature search,
we used the broadest definition of shin splints. in order to
identify all potentially relevant studies, In the intervention
studies. we specify the definitions used by the investigators,
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studics remain incomplete. For example, several siudies of
medial iibial tor mediotibialy stress syndrome indicaie that it
s not a compartment syndrome. suggesting o some re-
searchers that periosiifis is a likely etiology (97,102). Find-
ings on bone scans, however, do not correlaie well with
histological observations on specimens obtained during sur-
gery 143 Ohihiers believe moiphologic bone changes are the
binsis toi shin sptints and atiribute the pain to stress micro-
fractures (61). In some puatients with mediad iibial pain,
sympioms die relieved by fasciotomy, but surgery is not
ahways suceesstul, and pain is often relieved without surgery
tH7.153) Some clinical und cudaver sirdies locate the site
of pain ot the origin of either the tibialis posterior musche,
the soleus muscle, or the area of the osseous attachment
these muscles (30.99,132), but these findings ure not con-
sistent (9). Another hypothesis relates to muscle weakness at
ihe origin of the flexor digitorum longus muscle (43), but
this also is speculative.

The purpose of this paper is w review what is known
about the pathophysiology of shin splints syndiome, present
the evidence regarding associured risk factors, assess the
etfectiveness of prevention strutegies, and offer recommen-
dations for prevention of shin splints. We focus in particular
on the assessment of interventions to prevent shin splints.

The cause of shin splints has also been a sourie of
disagreciment among clinicions, A variety of conditions,
both acute and chronic, have been placed under the rubric of
shin splints. Acuie conditions include tibial stress reaction
or periostitis, enthesis, fibrositis, myositis, traction perios-
titis, inierossecus membrane pain, bone strains, fenosyno-
vitls, and tendonitis of the tibialis anierior, the tibialis pos-
terior, saleus, or the flexor hallucis longus muscles. Chronic
conditions include a periosteal reaction that may lead to
microfracture, traction periostalgia, chronic tendonitis, ta-
tigue tears of collagen fibers that bridse the connection of
muscle fibers to bone, and chronic compartment syndrome
(9,32,102,112). Through the years, various theories about
the etiology of shin splints have emerged, including stress
fractures (33), ischemia of deep compartments (1171, or soft
tissue injuries (23,136.141).

Despite the AMA statement in 1968, differing opinions
about shin splints continue for several reasons (137). First,
the delinition of “shin” is confusing, varying from “the front
part of the leg below the knee,” ta “the front edge of the
tibia,” to “the lower part of the leg.” Second, specific syrap-
toms may vary by sport activity as different muscles and
tendons are siressed. Finally, coaches and trainers wsually
see the athlete earlier in the clinical course than physicians
and. consequently, may be confronted with a different clin-
icul presentation. Understanding this complex problem
clearly requires additional clinical and physiclogical
research.

MATERJALS AND METHODS

We identified citations from the reference sections in 20
textbooks of sports medicine, family practice, and other
primary care speeialties, orthopedics, and general surgery.
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To identify papers tor review, we use OVID version 2 and
[nternet-based Grateful Med 1o sceess several electronic
datzbases: MEDLINE, 1966 to 2000: Current Contenis,
1996 w 2000 Biomedical Collection, 1993 to 1999 and
Dissertation Abstracts, We searched, without language Hia-
wations. for the shhject terms “shin splints,” “siress froc-
tures,” and “sports imury.” We further narrowed the seaich
by using the terns “etioloay,” “epidemiology.” and “injury
preveniion and conirol,” We then identified additional cita-
tlons from ihe reference sections of papers reteieved ane
contacted experts in the field, including the first authors of
randomized coatrolled trials (RCTs) addressing prevention
of shin splints. Finally, we contucted the Center for Sporta
und History in Birmingham, UK, a part of the Cochrane
Collaboration {ar international network of experts who
mianually search the literature), We excluded papers thai did
not provide primary research data, that addressed treatment
and rehabilitation rather than prevention, or that provided
previously published data (33).

All articles were sereened by one author (SBT). Of the
199 citations identified, 154 articles reported the pathophys-
iolegy and eticlogy of shin splinis, the risk for shin splints
in ditferent sports; the identification of risk factor for shin
splints, er method: for preventing shin splints. Of these, four
compared methods of preventing shin splinis.

We moditied » scoring instrument previously used
evaluate the methodologic quality of the cohort studies and
RCTs in sports medicing (143), Reviewers were blinded o
the primary authers™ names and aftiliations but not to the
study results (which have been shown to have Hitle effiect on
the validity of quility scores) (131, Each citation was then
evaluated independently by three reviewers. After indepen-
dent evalvation, the reviewers met to reconcile substantive
differences in inferpretation. There were no differences in
rank order of the tudies, only in abselute scores.

Two authors independently extracted data from the RCTs
to deterraine whee pooling was apprapriate. Becuuse of
differences in the interventions used, we elected nat to pool
any of the individaal study-effect estimates,

RESULTS

Risk factors. Risk factors that play a part in sports
injuries can be catsgorized as either intrinsic (or personal)
risk factors, such as anatomic variations und physical fit-
ness, or extrinsic {or environmental) factors related to the
type of sport, such as the status of the athletic field or floor
{147.148) (Table [}, Some of these risk factors can be
related specifically to the occurrence of shin splints,
whereds others are more generically related to overuse in-
Jjuries. Numerous r:views published ahout factors associated
with Jower limb injuries among athletes, particularly run-
ners, generally agree that several intrinsic factors are sig-
mificantly associated with injuries. These factors include
lack of running expericnce, competitive running, sxcessive
weekly running distances, poor physical condition. and pre-
vious injury (4,17,22.38,51,58.62.63,68,71,76,77.89.100,
104,105,106, 109,110, 1 16,1 19,120,122,125,126,142,147, 148,
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TABLE 1. Intrinsic (personal) and extrinsic {anvironmental) risk factors that may
ingrease the risk of shin splints,

Inlzinstc Faclors

Extrinsic Fagtars

Demographics Sports-refated factors
Type of sport
Age Exposure {e.q., running on one side of
the road)
Nature of event {2.9., running on hills)
Sex
Etulpment
Physical bufld Shaefsurface interface
Height Venue/supervision
Playing surface
Weight Safety measures
Sody fat Weather conditions
Temperature

Physical defects/anatomic variations
Femoral neck anteversion
Genu valgus
Pes clavus
Hyperpranation
Joint laxity
Previous fitness
Aerobit endurance/conditioning
fatigue
Strength of and balance between
flexors and extensors
Flexibility of musclesfoints
Sporting skill/coordination
Psychological factors

Relative humidity

152,160). Other intrinsic factors that have been proposed
but with less consensus among these same experts include
the following: older age, female gender, extremes in height
and body fat, body build. structural abnormalities such as
hyperpronation and femoral neck anteversion, participation
in other sports, inadequate warm-up, incomplete stretching,
increased running frequency, intensity of performance,
lesser skill, instability of running patterns, sudden increase
in training mileage, inadequate weight training. lesser
strength, poor coordination, fack of flexibility training, im-
balance between quadriceps and hamstring muscles, muscle
fatigue. psychological factors, and smoking. Proposed ex-
trinsic factors include type of sport, time of day. always
running on the same side of the road, hard running surface
or uneven terrain, shoes, in-shoe orthoses, climate, and
weather conditions,

Epidemiologic studies support the increased risk of overuse
injury with younger age (77.9396), female gender
(11.13.67.81.90,91,92,128,134), anatomical variations such as
genu valgus and pes clavus (26,27,60,72,128), excess prona-
tion {31,55,98), smoking {2,66), increasing weekly mileage in
runners { 18,25.52.59,79,93,129,131,155), more hours of aero-
bicdance(42,123).decreasedphysicalfitness(15.19,20,35,38 42,
64.05.66.77.81.96.113,128,130), and previous injury (42.86,
91,93,121.128,155), A few contradictory findings sugges! that
age is not a factor (15.89,154), nor is gender (19,20.28,130,
144.154); warming up. cooling down, or stretching (15,114,
115,135,148} excess running mileage (98); running on hills
(135} running surface (15,93,154); previous athletic activity
(101): or joint laxity (57). Psychosocial factors and life stress
are not related consistently to injury in the literature
(16,29.40.48.73,74,75 87,111,145,146.159.161 1.

A few studies focus specifically on risk factors for shin
splints, rather than on the general aren of overuse injucies in
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fower limbs (31,41,44,84,103,139,151). Several of these
studies point to the role of increased pronation of the foot as
a risk factor for shin splints (31,44,84,139). In addition, the
clinical studies suggest other possible risk factors including
an increased varus tendency (139), increased muscular
strength of the plantar flexor muscles (44), increased double
heel strikes;during dance among ballet dancers (41), in-
creased angular displacement during running due to struc-
tural or functional differences in the foot and ankle (151),
and increased external rotation of the femur with the hip
extended (84). Some external risk factors include low cal-
cium intake among female athletes, increased training in-
tensity, hard running surface (123}, and use of worn or
inadequate shoes (103,140).

Prevention strategies, Texthooks and review articles
present many recommendations for the prevention of shin
splints. These recommendations, based primarily on expert
opinion and clinical experience, include the following:
screening fof anatomical risks such as hyperpronation with
appropriate adaptations for these risks, adequate overall
physical conditioning, adequate diet, warm-up exercises,
stretching exercises, activities to increase flexibility and
strength, good running techniques, training techniques that
promote balanced rmuscle development and do not over-
stress poorly conditioned athletes, minimization of rnning
on hills and‘hard surfaces. rehabilitation for those injured
previously, generic risk factor prevention activities related
to behavioral and psychological stress, appropriate foot-
wear, adaptation to physical factors such as heat and wet
surfaces, and, in military settings, the time of day of exercise
and the use of boots and running shoes (6.24.25,50.71,
118,124,127.148). However, the evidence of effectiveness
for any of these interventions is limited.

Methods to prevent shin splints. We found four
RCTs (and no cohort studies) that compared methods to
prevent shin splints (Table 2 summarizes study results), The
first RCT was conducted at the United States Naval Acad-
emy in 1972 and 1973 (5). Investigators randomly assigned
2777 first-yaar midshipmen to one of four intervention
groups or to a control group. Midshipmen in the intervention
groups used some combination of foam heel pads, heel cord
stretching exercises, or a graduated running program, The
assignment to each group was done randomly with stratifi-
cation for prdviously tested scholastic and athletic aptitude.
A series of spot checks of individual platoons and physicat
education programs were made 1o ensure compliance. Pla-
toons that were originally allocated to an intervention group
but were found not to have carried out the prophylactic
regimen weré moved to the control group for the purposes
of statistical analysis. The authors used the AMA criteria to
define shin splints. During the 8-wk summer program, 97
cases of shin &plints were recorded (4.167) with no evidence
of a protective effect of any regimen. After injured mid-
shipmen comipleted an initial treatment regimen and re-
turned to duty, 51 were assigned randomly to use heel pads
and 46 were not. Shin splints reoccurred among 11 (22%) ot
the midshipmen with heel pads and among 5 (11%) of those
without, but this difference was not statistically significant.
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TABLE 2. Recults of randomized cridralled triars enmparing methods to prevert shin splints,

Median
Year Qoatity
Aulhus Published Population Stuity Groups Cutcomes _b_?g:_r_i_ra_ o
Andrish 8t al. {5 1974 2777 ) foam hegl pad 9F with shin splints 28
Aavy midskriprien i 4- 2) hael stretching 11 15/344 {4.4%;)
whk basic traning 3 heel pad and heel 2 127300 {4.0%)
stretching 3) 14453 (3.0%)
4} yraduated mnning 43 13217 (8.0%)
5] eoniml 8} 431,452 (2.0%)
Banset anc Kisk {11} 19832 074 M, 767 F 1) hot weather busts 27 with shin sphints o tibial 45
army trainges in 9-wk 2] standard black stless reaction
bazic training leather bioote 1] W 5728 {0 B0}
F 842 (1.75%)
21 M 8/1,346 (0.58%)
F 8425 (1.89%)
Bensel and Kaplan {30) 1986 e 1) uraihane foar a7 with shin splinis Eh|
Arrny trainegs in 9-wk 2 malded grid T 11EG (5.9%)
basic traiming 3) standard mash 29 141198 (7.1%)
31T (7.0%)
aehwelinus et al, {1333 990 1388 M 1} neaprene Insolzs 71 with tibeal stress syndrome 47

miiliary recruits in 9-wik
brasic training

Among midshipmen who developed shin splints, 64 (66%)
had no physieal training immediately before the study corn-
pared with 33 (34%) whi had prior training (P <2 0.001).

The second RCT included 2074 men and 767 women in
U.S. Army basic training at Fort Jackson, SC, in 1980 (113,
Hot weather combat boots consisting of canvas uppers were
assigned at random to 728 men and 342 women; the re-
maining 1346 men and 425 wonten wore standard black
ull-leather combat boots. Randomization was compromised
by the availability of appropriate-sized hot weather boots
and by an unreported number of switches that were made in
the beoot assignments. Thix study not only assessed the
relative effect of bootwear on injury rates but also cormpared
injury rates between male and female recruits. Shin splints
were defined to include pain and discomfort around the
anterior portion of the tibia. There were no significant dif-
ferences in the rates of shin splints or tihial stress reactions
{ie., a suspected stress fracture lacking radiologic confir-
mation) in either men or women based on the type of boot
worn, Women had greater rates of shin splings and virtuaily
all other lower extremity injuries than did men, probably
due (¢ lower physical fitness levels on entry compared with
men. Men reported more serious conseguences of tibial
stress reactions than did women (viz., higher rates of re-
stricted duty days, 11% vs 4%).

A third RCT involved 555 women in U.S. Army basic
training at Fort Jackson in 1985 (121, The trainees were
assigned randomly to use one of three types of boot inserts:
urethane foam with fiber backing, ¢ molded petwork of
lever-like projections attached at their base to maierial in the
form of a grid, or the standard multilayered plastic mesh
with a top covering of nylon. Injury data were obtained
during special examinations in the 3rd, Sth, and final wecks
of the 9-wk program as well as from sick-cali records. The
definition for shin splints is not cited bat is likely to have
been the same as the 1980 study from the same authors (113,
Na significant difference was found in the occurrence of
shin splints (5.9-7.1%) among uny of the study groups. A

PREVENTION OF SHIN SPLINTS IN SPORTS

2} conteol

1) 81227

{2.8/1000 recruitami
21 6541151
18.8/1000 recroftahk)

questionuaire concerning comiort of the inserts was distrib-
uted in the Sthwveek of training. The group weuring urethane
foam inserts roported increased comfort compared with
trainees wearinig other inserts, but the difference was not
statistically significant.

The fourth RCT, published in 1990, wix conducted
among 1511 South African military recruits during a 9-wk
training period (133). Neoprene-impreenated flat insoles
were provided to 250 randomly selected recruits to wear
with their standurd footwear, After transfers and exclusions
of those with biomechanical problems or previous major
injury or illness, 237 remained in the intervention group and
were comparec with 1151 remaining in the control group.
Injuries were dofined as an occurrence resulting from phys-
ical conditioning during basic training that was severe
enough to prevent return (o normal activities for at lzast 1 d
after medical consultation. All injuries were monitored and
reported 1o the base hespital where diagnosis was estab-
lished and treatment instituted by a panel of cight doctors,
Uniform diagnoestic ¢riteria were established before the in-
tervention perind, and 4l injurics were recorded on an injury
report form. A random sample (¥ = 2603 of bath interven-
tion and control groups completed a questionnzire to doe-
ument physicul activity patterns in the {2 months preceding
the study. Injuries were diagnosed armong 54 (22.8%) re-
cruits in the experimental group and among 367 (31.9% ) in
the contral group. The rate of injury was increased in the
control group (36.3 per thousand per week vs 25.8 per
thousand per week) (P < 0.05). Tibial stress syndreme (shin
splints) was decumented in 65 (20.4%) recruits in the con-
trol group and i (12,8%) recruits in the intervention group.
The rates of tibi.f stress syndrome were 6.8 per thousand per
week in the a..or[lrol group compared with 2.8 per thousand
per week in the intervention group (P < 0,055, The critical
finding of the study was that shock-absorbing neoprenc
insoles can significantly reduce the overall incidance of
over-use injury and specifically prevent tibial stress syn-
drome. The authors noted that the overall incidence of
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injuries was considerably less than the 37.9% reported 3 yr
earlier in a population undergoing similar training in South
Africa (46). The authors hypothesized that the reduction of
injuries in the control group was a resuli of changes made in
the physical training program after the previous report and
that the use of the insole produced an additional reduction in
the overall incidence of injury.

Quality of reported studies. Quality scores for the
RCTs ranged from 28 to 53 (of a possible 100} for the
individual rater scores; the median scores for the four stod-
jes ranged from 29 to 47. None of the RCTs reported
adequate methods of randomization, nor did they report
whether the assignment of subjects was blinded. Also, in-
terpretation of results was hampered by the tack of attention
to possible confounding factors and by both information and
selection binses. For example, in the U.S. Naval Academy
study (3), if members of an intervention group failed to
comply with the study protocol, they were moved to the
control group for the analysis, thus compromising the ran-
dom allocation and introducing the possibility of selection
bias. Statistical methods were inadequate in alt four studies;
indeed, none of the RCTs described basic statistical testing
methods. In addition, power calculations were not reported,
bias and confounding were addressed inadequately, multi-
variate analysis was not used even when factors were cor-
related, and the potential effect of multiple interventions
was not assessed.

DISCUSSION

The most important conclusion one draws from this sys-
tematic, comprehensive review of the literature is that al-
though many measures are recommended to prevent the
occurrence of shin splints in sports, few have been examined
rigorcusly. To date, only shock-absorbeat insoles, foam heel
pads, heel cord stretching, alternative footwear, and gradu-
ated running programs among military troops have under-
gone assessment in RCTs. Indeed, only four RCTs have
been done in this field, and all have serious methodologic
flaws. Also, the inclusion of only military populations in
these stidies limits our ability to extrapolate findings to both
younger and older age groups and to civilian populations.

For future studies of this problem, attention to study
design. implementation, and reporting is critical (85,116).
Subjects in both intervention and control groups should be
subject to uniform. consistent, and ongoing monitoring for
the occurrence of injuries, Randomization should be blinded
and the method of randomization described clearly.
Whereas a double-blind study is often not feasible for stud-
ies of athletic injuries (for example, users of orthoses know
they are wearing them}, blinded allocation of subjects is
essential to enhance the strength of the evidence. Case
definitions must be explicit and easily replicable. In calcu-
lating rates of injury, careful consideration must be given to
the choice of the denominators. Appropriate statistical meth-
ods should be used for data analysis and described clearly in
publications. Finally. the reporting of the results should be
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improved so that the published data clearly support the
conclusions.

The following research questions need to be addressed to
inform coaches and athletes about injury prevention
strategies:

1. Will any of the other interventions often recommended
to prevent ship splints—such as specialized training meth-
ods, preseason conditioning, new shock-absorbent insoles,
or alternative orthoses-prove effective in RCTs?

2. What ar¢ the dose response considerations (viz., fre-
quency, duration, intensity of activity) in the prevention of
shin splints?

3. Will RCTs conducted outside of the military setting
generate different results? '

4, What orthoses are most acceptable in terms of cost and
comfort? .

5. Are the same interventions equally effective for girls
and women? (Few studies include women.)

6. Are the same interventions appropriate for atl athletes,
or do kinesiological and sports-specific considerations re-
quire different interventions for different populations?

7. Are the potential interventions as effective for athletes
with a history of previous shin splints?

8. What clinical indicators can be nsed to help coaches
and athletes determine when a player can return to compe-
tition or training without increased risk of reinjury?

§. What, if any, biologic or anatomic measures can be
used as screening measures before a sports season that
would warrant specific preventive actions (e.g.., sports-spe-
cific training ‘or orthoses)?

10, Do inherent behavioral factors associated with sports
injuries present particular challenges of access to data and
compliance of study subjects (e.g., will coaches or platoon
leaders give priority to injury prevention, or what will mo-
tivate athletes to use preventive measures such as orthoses)?

On the basis of this review, we make one qualified rec-
ommendation to coaches, trainers. and athletes: the use of
shock-absorbent orthoses inserts may reduce the occurrence
of shin splints in young male athletes, possibly by absorbing
shock and/or stabilizing the subtalar joint and by decreasing
pronation (36,69.70,160). Effectiveness and acceptability of
alternative ingerts need to be assessed in different popula-
tions {138). On the other hand, interventions often endorsed
for prevention of shin splints could well prove to be effec-
tive but cannot be supported by this review of available
evidence. Some interventions, such as adequate shoes or
shock-absorbing inserts, may have benefits beyond the pre-
vention of shin splints, including the prevention of other
overuse injuries such as stress fractures (39). Preseason
conditioning .has been demonstrated to optimize perfor-
mance and prevent ankle sprains and knee injuries (21.37);
evidence suggested in this review indicates that it may also
help prevent shin splints. Strength, agility, and flexibility
should be emphasized both in prescason training and during
the season to optimize performance; they also sheould be
emphasized for injury prevention. Whether general or tar-
geted training will reduce the rate of shin splints awaits
further research,
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Sports at all levels are pupular and health-promoting
activities practiced by millions of persons worldwide, but
these activities wre ulso an imporiant canse of preventable
injury. When coaches and athietes make the effort to pravent
athletic injuries, they will seek udvice from experts in the
field. When weighing this advice, coaches and athletes must
he uwure of the limits of ihe data.

After careful serutiny. what is appealing intuitively can
prove unhelpiul in practice (150), For example, sirctching
before funning is a siandard recommendation; yet, a
recently published RCT conducied among more than
1300 Auvstralian military recruits found no decrease in
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