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Clinical Question: Do evidence-based interventions exist for
the prevention and treatment of stress reactions and stress
fractures in young active adults?

Data Sources: This systematic review is an update of the
original article, which was published in 2000. The authors con-
ducted a literature review of computerized databases that includ-
ed the Cochrane Musculoskeletal Injuries Group Specialized
Register (April 2004), the Cochrane Central Register of Con-
trolled Trials, MEDLINE (1966 to September 2004), EMBASE
(1988 to 2004, week 36), CINAHL (1982 to 2004, September,
week 1), Index to Theses (1990 to 2004), and Dissertation Ab-
stracts (1990 to 2004). In addition, the authors searched the Cur-
rent Controlled Trials at http://www.controlled-trials.com (June
2004, week 1) and the United Kingdom National Research Reg-
istrar at http://www.update-software.com/national/ (to issue 1,
2004) for current or recently completed studies. They also re-
viewed the British Journal of Podiatry, International Journal of
Podiatric Biomechanics, Physiotherapy, and the Australian Jour-
nal of Podiatric Medicine for relevant studies. Furthermore, they
contacted the Medical Departments of Defense Forces in Europe
and North America to identify unpublished or unlisted military
studies. Reference lists of all identified studies and Cochrane
reviews were also investigated. The computer search strategy
included 61 separate entries and included such terms as stress
fractures, stress reactions, shin splints, overuse, athletic injuries,
cumulative trauma disorders, running, and randomized controlled
trial. The 3 authors of this updated review independently selected
new articles for inclusion. Furthermore, the 12 articles that were
included in the original systematic review were also reevaluated
to ensure they met the defined inclusion criteria.

Study Selection: To qualify for inclusion, studies had to be
randomized or quasirandomized control trials, involve interven-
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tions to prevent or treat lower extremity stress reactions and
fractures, and include physically active adults (adolescence to
middle age) who were involved in athletics or military training.
Clinical and radiographic (bone scan or x-ray) evidence of a
lower extremity stress reaction or stress fracture was also re-
quired for inclusion of treatment-based studies. Specifically,
skeletal overuse injuries are considered the result of a cumu-
lative and repetitive process that produces initial microstructural
changes or stress reactions that are identified by bone scans
or magnetic resonance imaging but not conventional radio-
graphs. If cumulative stresses continue, structural changes are
visualized on radiographs and are referred to as stress frac-
tures. In addition, research studies involving the treatment of
medial tibial stress syndrome or shin splints were excluded. De-
sired outcome measures for treatment studies included return
to training time, return to normal physical activity, functional per-
formance, quality of life measures, resource management (eg,
costs, health care visits, diagnostic procedures), adverse ef-
fects, and compliance.

The inclusion criteria for stress fracture prevention studies
were similar, except that the authors did not have to provide
radiographic evidence of a stress fracture or stress reaction.
Prevention studies included a combination of the following out-
come measures: occurrence and location of stress fracture,
stratification of diagnosis, incidence of other lower limb injuries,
complications and adverse effects of prevention techniques, re-
source management, and compliance with the prevention strat-
egy.

Data Extraction: At least 2 reviewers independently extract-
ed the demographic and outcome data from the newly identified
studies, and 1 author verified the data and results from the 12
studies included in the 2000 Cochrane review. Inconsistencies
from the original review and data from all new studies were also
checked by an additional reviewer. All 3 reviewers then inde-
pendently evaluated the quality of inclusion studies using a
quality scoring scheme (Table). The categories considered in-
cluded randomization or group allocation (A), intention-to-treat
analysis (B), examiner blinding (C), comparison of experimental
and control groups at baseline (D), use of a placebo treatment
(E), clearly defined subject inclusion and exclusion criteria (F),
and methods of outcome assessments (G). Items A through F
were scored from 0 to 2 and item G from 0 to 3, for a total
‘‘best’’ quality assessment score (QAS) of 15. Inconsistencies
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among reviewers’ QAS scores were resolved by discussion and
with the aid of a discrepancies form.

Main Results: Search criteria identified 24 new studies since
the previous review, 8 of which fulfilled the inclusion criteria. In
addition, 4 of the 12 studies included in the original 2000 review
were excluded. Three were excluded as a result of insufficient
indication of subject or group randomization or quasirandomi-
zation, and the fourth excluded study included subjects with the
diagnosis of medial tibial stress syndrome. Overall, 16 studies
were included.

The authors of 13 studies focused on prevention, and 3
groups evaluated the treatment of stress fractures and reac-
tions. The average number of subjects for prevention and treat-
ment studies, respectively, was 1091 (range � 206 to 3025)
and 34 (range � 21 to 60). All 13 prevention studies involved
military personnel who performed physical training over a 9-to-
14–week period. Quality assessment scores for prevention
studies ranged from 4 to 10 (mean score � 7). In 9 prevention
studies, the effectiveness of insoles or orthoses was evaluated,
and the QAS for these studies ranged from 4 to 9 (mean �
6.2). The investigators in 4 studies assessed ‘‘shock-absorbing’’
insoles or orthoses in shoes or boots versus a control (shoes
or boots alone), and an additional 5 groups compared insoles
and orthoses against one another. One study’s authors also
evaluated military training in a modified high-top shoe versus
standard military boots (QAS � 8). Two groups assessed the
influence of pre-exercise stretching (QAS � 8 and 9, respec-
tively), and one investigated the effects of calcium supplemen-
tation (QAS � 10).

In none of the prevention studies were adequate randomi-
zation and concealment of treatment before group allocation
(item A) accomplished, and the researchers in 3 studies ran-
domized groups (team or platoon) instead of individual partici-
pants. Attrition rates exceeded 50% in 2 studies, and missing
subjects’ data were unaccounted for in the final analysis of 3
studies (item B, intention-to-treat analysis). Also, in only 2 of 13
studies were examiners blinded to group assignment (item C).
Radiographic (bone scan or x-ray) evidence for diagnostic con-
firmation of a stress reaction or fracture was used in 12 studies.
The method of diagnosis (item G) was based solely on clinical
examination or a self-report questionnaire in 2 studies, and di-
agnostic methods were not described in 2 studies.

Overall fewer osseous stress injuries were reported in the
experimental groups for all 4 studies comparing military per-
sonnel in ‘‘shock absorbing insoles’’ with controls (no insoles).
However, none of these 4 studies demonstrated a statistically
significant reduction in lower extremity overuse osseous inju-
ries. In addition, statistically significant results were reported in
only 1 of 5 studies that compared various orthoses and insoles.
The authors reported a significant reduction in tibial stress frac-

tures for soldiers wearing custom-made semirigid or soft-foot
orthoses versus those wearing standard insoles (relative risk �
0.46, 95% confidence interval � 0.22 to 0.93). In a follow-up
study, no significant difference in stress fracture rates was seen
between subjects who wore custom-made semirigid orthoses
and those who wore biomechanical soft orthoses, thus preclud-
ing the ability to identify one best design for stress fracture re-
duction. No significant stress fracture or lower extremity injury
rate differences were seen between the control and experimen-
tal groups involved in lower extremity stretching studies. Partic-
ipants taking calcium supplements did not demonstrate a sig-
nificant reduction in stress fractures (tibial only) versus controls.
The differences among the prevention studies prohibited pool-
ing of the data and subsequent meta-analysis. Authors of all 3
treatment studies investigated the effects of a pneumatic ankle
foot orthosis (Aircast Corp, Summit, NJ). Follow-up for outcome
measures ranged from 78 days to 6 months. Two studies were
conducted with military recruits, and the other was conducted
with competitive and recreational athletes (n � 18, age range
� 18 to 45 years). Treatment QASs ranged from 7/15 to 11/
15, with an average score of 9.3/15. Proper randomization (item
A) and evaluator blinding (item C) were confirmed in 1 of the 3
treatment studies. Data pooled from all 3 studies reached sta-
tistical significance for mean number of days until returning to
full activities (weighted mean difference with brace versus with-
out brace � �33.39 days, 95% confidence interval � �44.18
to �22.59 days).

Conclusions: Currently, no solid evidence-based interven-
tions to prevent lower extremity stress reactions or fractures
exist. Limited evidence suggests that ‘‘shock absorbing’’ insoles
may reduce the overall incidence of lower extremity osseous
injuries in military personnel. Unfortunately, research does not
support the best design for inserts or footwear modifications.
There is also insufficient evidence to determine if pre-perfor-
mance stretching or calcium supplementation offers added pro-
tection from lower extremity osseous overuse injuries. Initial ev-
idence supports the use of a pneumatic brace and early
mobilization for the treatment of tibal stress reactions and frac-
tures, but additional studies are required to validate these find-
ings. Further investigation concerning the prevention and treat-
ment of lower extremity stress fractures is needed and would
assist researchers in establishing and clarifying evidence-based
intervention guidelines. Future randomized control trials that
clearly define (ie, provide clinical and radiographic evidence for)
the diagnosis of a stress fracture or reaction, implement appro-
priate randomization, and use intervention and outcome mea-
sures (functional and performance measurements) that are ap-
propriate for active adults would assist this ongoing and
necessary process.
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COMMENTARY

Lower extremity stress fractures and stress reactions re-
sult in moderate to severe functional limitations that
often preclude participation in sports and recreational

and occupational activities. The Cochrane Library systematic
reviews on stress fractures and stress reactions emphasize the
continued need for quality research that critically evaluates
strategies for the prevention and treatment of lower extremity
osseous overuse injuries in athletes.1,2 Specifically, Rome et
al2 identified relatively few prevention and treatment studies
that warranted review, and those they included had various
methodologic limitations. For example, they emphasized that
authors of future randomized control trials must include and
clarify their clinical and radiographic criteria for the diagnosis

and classification of stress reactions and fractures.2 In addition,
all but one of the groups studied military personnel, thus lim-
iting the generalization of findings to civilians, who may dem-
onstrate greater diversity in terms of age, activity levels, and
footwear.

Despite these limitations, the updated review provides some
contributions to current athletic training practice and future
directions for research. The primary finding was the pooled
evidence indicating that pneumatic bracing of tibial stress re-
actions and fractures and early mobilization reduce the time
for return to full activity. The quality of bracing studies ranged
from quality assessment scores (QASs) of 7/15 to 11/15,3–5

and a significant reduction in return to activity outcome mea-
sures was demonstrated in 2 of the 3 studies.4,5 In fact, 1 of
the 2 groups who reported a significant benefit (weighted mean
difference � 53.25 fewer days to return to full activity versus
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Cochrane Collaboration Methodological Quality Assessment Scoring Scheme*

Items Scores Notes

A. Was the assigned treatment adequately
concealed prior to allocation?

2 � method did not allow disclosure of assignment.
1 � small but real chance of disclosure of assignment or

unclear (states random but gives no description) (individ-
ual randomisation).

0 � quasi-randomised or open list/tables; or cluster ran-
domisation with no description of randomisation.

Cochrane code (see Handbook†):
Clearly Yes � A; Not Sure � B;
Clearly No � C

B. Were the outcomes of participants who
withdrew described and included in
the analysis (intention to treat)?

2 � withdrawals well described and accounted for in analy-
sis: primary analysis based on all cases as randomised.

1 � states numbers and reasons for withdrawal, but analy-
sis unmodified/possible.

0 � not mentioned or intention to treat analysis clearly not
done.

C. Assessment of outcome. Were asses-
sors of outcome blinded to treatment
status?

2 � action taken to blind assessors or outcomes such that
bias is unlikely.

1 � small or moderate chance of unblinding of assessors,
or some blinding of outcomes attempted.

0 � not done or not mentioned.

D. Comparability of treatment and control
groups at entry.

2 � unconfounded; good comparability of groups or con-
founding adjusted for.

1 � confounding small, mentioned but not adjusted for, or
comparability reported in text without confirmatory data.
Inclusion criteria (e.g. all male participants) indicate com-
parability for the main confounders.

0 � large potential for confounding, or not discussed.

The principal confounders considered
for prevention trials were sex, age,
previous overuse lower-limb injury
and prior physical activity profile.
The principal confounders consid-
ered for treatment trials were sex,
age, and duration, location and se-
verity of stress fracture.

E. If feasible, was a placebo treatment
assigned as part of the randomisa-
tion?

2 � Yes.
1 � Not feasible.
0 � No.

F. Were inclusion and exclusion criteria
clearly defined?

2 � clearly/well defined.
1 � poorly/inadequately defined.
0 � not defined.

G. Methods of assessment of outcome. Prevention trials for stress fracture:
3 � pain, discrete bone scan changes, confirmatory dis-

crete radiological changes.
2 � pain, bone scan changes at one or more sites in the

lower limb.
1 � pain compatible with stress fracture or other exercise

associated lower limb pain; clinical decision.
0 � not stated.

Treatment trials:
3 � optimal (comprehensive, well defined, active and suffi-

ciently long follow-up)
2 � active and adequate but not optimal
1 � active but inadequate
0 � not defined, inadequate and passive

*Reprinted from Rome et al2 and Gillespie and Grant.1 Copyright Cochrane Library; reproduced with permission.
†Cochrane Handbook for Systematic Reviews of Interventions 4.2.5. Available at: www.cochrane.org/resources/handbook/handbook.pdf.
Accessed October 6, 2006.

controls, 95% confidence interval � �80.96 to �25.54 days)
with bracing studied competitive and recreational athletes.5

However, neither group disclosed if the evaluators recording
outcomes were blinded to each patient’s treatment status.4,5 In
addition, neither group used functional outcome measures (eg,
half-mile run, hop test) to operationally define the criteria re-
quired for return to full participation. Interestingly, the one set
of authors who clearly described return-to-activity criteria and
used blinding techniques did not identify a significant treat-
ment effect for soldiers wearing the pneumatic brace.3 Al-
though this study was adequately powered to discern a signif-

icant difference in return to duty (power � .92, P � .24), the
authors proposed that lack of a treatment effect may have been
confounded by the subjects’ drop-out rate (35%), compliance
with brace wear, motivation, and the acuity of the injury.3

Future randomized trials that control for the confounding var-
iables listed above and that involve athletic populations are
required before the widespread use of pneumatic bracing for
athletes with tibial stress fractures/reactions can be recom-
mended.

Based on the current literature,2 no clear evidence-based
strategy exists to prevent lower extremity osseous overuse in-
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juries. Presently, only shock-absorbing insoles/orthoses, alter-
native footwear, lower extremity stretching, and calcium sup-
plementation interventions have been critically analyzed.
According to this review, the methods used in these studies
were generally poor to fair (QAS range � 4/15 to 11/15, mean
� 7/15).2 In addition, a statistically significant reduction in
stress fractures/reactions was noted in only 1 of the 9 orthoses/
insoles studies, and custom-made semirigid or soft-foot ortho-
ses were superior to standard insoles.6 These results need to
be viewed with caution, considering that 51% of participants
dropped out before the end of the study and that an intention-
to-treat analysis was not conducted. Intention-to-treat analysis
is an important feature of quality outcomes research because
it preserves the randomization process by including all sub-
jects in the data analysis, whether they completed the inter-
vention or not.7 The lack of a significant effect for insoles/
orthoses was also recently reported in a systematic review by
Yeung and Yeung,8 who evaluated prevention strategies for
lower extremity soft tissue injuries in runners. Therefore,
whether insoles/orthoses truly play a role in preventing lower
extremity osseous and soft tissue injuries remains to be deter-
mined.

Interestingly, Yeung and Yeung8 did report that modifica-
tions of training schedules prevented soft tissue injuries in the
lower extremities of young adults. It is common for health
care providers and coaches to advise their athletes to start
slowly and to progressively build up training to avoid injury.
Unfortunately, the authors of the present review were unable
to evaluate if progressive exercise actually prevents stress re-
actions and fractures as a result of a void in this literature.
Future research investigating preseason conditioning programs
for the prevention of lower extremity osseous injuries is war-
ranted.

Contrary to common practice, lower extremity stretching
before training did not offer a protective effect from stress
fractures or reactions. Neither study involving stretching (QAS
7/15, 8/15, respectively) showed a significant difference be-
tween the control and experimental groups for stress fracture
prevention. In systematic reviews, Yeung and Yeung8 and Her-
bert and Gabriel9 also reported similar findings and concluded
that pre-exercise stretching did not reduce the incidence of
muscle soreness or lower extremity injuries in young active
adults involved in running and marching. Collectively, these
3 reviews raise questions about the efficacy of pre-exercise

stretching for the prevention of lower extremity injuries, in-
cluding osseous overuse injuries. Further sport-specific (eg,
running, basketball, gymnastics) research on physical perfor-
mance, psychological benefits (eg, stress reduction), and injury
prevention would allow for a broader view of the potential
benefits that pre-exercise stretching may provide.

This systematic review confirms that the quality and number
of studies involving interventional strategies for the prevention
and treatment of lower extremity stress fractures are lacking.
Evidence to indicate that young adults with a tibial stress frac-
ture may benefit from pneumatic bracing is limited, and ad-
ditional research involving specific populations (runners,
jumping athletes, soldiers) is needed to confirm these results.
Furthermore, it is clear that high-quality randomized control
trials are needed to establish intervention strategies for pre-
venting lower extremity stress fractures/reactions. Sport med-
icine providers are in an ideal position to conduct this mean-
ingful research that will enhance the current level of
evidence-based clinical practice.
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