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Abstract
Exercise related leg pain (ERLP) is a common problem in the military and has a large impact on basic military
training. Gait retraining as a treatment for ERLP, with the goal of reducing symptoms and preventing recurrence of
ERLP is presumably widespread practice, despite a paucity of clinical evidence of its effectiveness. The Royal Dutch
Armed Forces have performed several recent gait retraining studies in experimental and clinical settings. Symptom
reduction and reductions in ground reaction forces while running and marching in running shoes and in military
boots can be achieved and maintained long-term after approximately five individual training sessions over a threemonth period. Gait retraining as a method of treatment and prevention of ERLP in the military deserves more study
to confirm our promising findings.
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Introduction
Exercise related leg pain (ERLP) is a common problem in the
military and has a large impact on basic military training [1]. Specific
diagnoses within the ERLP syndrome group are Medial Tibial Stress
Syndrome (MTSS), Chronic Exertional Compartment Syndrome
(CECS), tibial and fibular stress fractures, tendinopathy, nerve
entrapment and vascular pathology [2].
In The Royal Dutch Armed Forces the three most common
diagnoses in the ERLP group are: 1) Medial Tibial Stress Syndrome, 2)
Chronic exertional compartment syndrome and 3) A combination of
both MTSS and CECS symptoms [3]. In contrast to reports from the
armed forces of other nations, stress fractures of the leg are extremely
rare in The Netherlands [3].
Retrospective studies have produced a myriad of possible risk
factors for ERLP in military settings [3]. Many of these risk factors are
not readily modifiable, e.g. sex, or cannot be used as a criterion to
refuse a person entrance into the armed forces, e.g. smoking or a
history of previous lower limb overuse injuries. Two prospective
studies in the military have shown that high risk individuals for ERLP
can be identified by pressure plate assessment of barefoot walking gait
[4,5]. The next logical step is prevention of ERLP by gait retraining of
young soldiers and has also been performed successfully. Sharma
reports a decrease in the incidence of MTSS in British Army recruits
who received a combined program of gait retraining, exercises for
neuromuscular control, flexibility and biofeedback on foot balance [6].
Gait retraining as a treatment for ERLP, with the goal of reducing
symptoms and preventing recurrence of ERLP, is presumably widely
practiced, despite a paucity of clinical evidence of its effectiveness [7].
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The rationale for gait retraining in MTSS is a reduction of the vertical
ground reaction forces working on the legs [8]. The rationale for gait
retraining in CECS is reduction of musculus tibialis anterior activity
[9].
Initial results of gait retraining for CECS are very promising [10].
Patients often report complete resolution of symptoms, and typically
do not require surgery (fasciotomy). Gait retraining as a treatment for
MTSS has not yet been formally studied, but is advocated by experts
[7]. In the military setting running in running shoes, running in
military boots and marching in military boots are common
occupational activities and must all be addressed in ERLP
rehabilitation [3].

Studies in the Royal Dutch Armed Forces
Historically the Royal Dutch Armed Forces have recognized CECS
as a common occupational overuse injury of soldiers. In previous years
general surgeons in the Central Military Hospital (CMH) have worked
to advance the diagnosis and treatment of this condition [11-13].
However, from 2011 onward, the department of sports medicine has
taken the lead in efforts to improve diagnostic procedures and
treatment of ERLP.
In a controlled experimental setting, using 18 training sessions over
six weeks, Helmhout et al. reproduced the findings by Diebal [14] on
gait retraining of running technique as a treatment for CECS. Gait
retraining led to symptom reduction and reduced intra compartmental
pressures. In a second study involving retraining of marching
technique in boots, symptom reduction was achieved again, this time
by seemingly small changes in marching biomechanics, as measured
on an instrumented treadmill [15].
In a clinical, outpatient setting, a retrospective analysis of 61 cases
from the year 2015 showed that soldiers with resistant ERLP, including
patients with MTSS, respond well to a treatment program that includes
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gait retraining of running technique in running shoes. With as little as
2.4 individual gait retraining sessions on average, patient satisfaction
ratings were quite positive: 84% attributed some, a majority, or all of
their symptom reduction to gait retraining and 70% reported they
mastered the new running technique within two months. Adverse
effects were limited to temporary calve complaints. Ten months post
gait retraining, running biomechanics on an instrumented treadmill
were still significantly different from intake, in particular a persistent
change from heel strike to mid foot strike and a substantial reduction
of vertical ground reaction forces to the heels while running were still
present in most cases [16].
2015*

have very similar running biomechanics in running shoes and boots
before intervention: stride length, cadence and maximal Force (N) on
heel, mid foot and forefoot are not significantly different for the two
shod conditions; 2. Gait retraining in running shoes achieves very
similar results in 2015 [16] and 2017 (Table 1, columns 2 and 3); 3. The
gait retraining instructions achieve similar changes in stride length
(reduction), cadence (increase) and forces on the heel (significant
reduction) in running shoes and in military boots. However, in boots
the new running technique increases maximal forces in the mid foot
significantly (Table 1, column 4).

Discussion

2017**

2017**

Gait retraining, soldiers with resistant Running
ERLP
shoes

Running
shoes

Military
boots

Sex

Males only

Males only

Males only

Number of participants

48

10

10

Age

25 ± 5

23 ± 3

23 ± 3

Height (m)

1.82 ± 0.1

1.82 ± 0.1

1.82 ± 0.1

Weight (kg)

86.9 ± 11.0

83.8 ± 10.4

83.8 ± 10.4

Duration of complaints (months)

12.5 ± 12.3

8.6 ± 8.4

8.6 ± 8.4

SANE in

55 ± 19

52 ± 16

52 ± 16

Duration of treatment (days)

119 ± 63

105 ± 46

105 ± 46

SANE out

78 ± 19

79 ± 20

79 ± 20

3. Stand up taller, don’t bend over at the waist or look down;

Number of gait retraining sessions

2.4 ± 1.3

5.0 ± 0.9

5.0 ± 0.9

4. Increase knee-lift by 1-2 cm.

End effect: stride length (cm)

94%

88%

88%

End effect: cadence (steps/min)

107%

114%

112%

End effect: max force heel (N)

34%

40%

38%

End effect: max force mid foot (N)

106%

103%

140%

End effect: max force forefoot (N)

87%

89%

83%

60%

54%

55%

End effect: max pressure mid foot
98%
(N/cm 2)

89%

104%

End effect: max pressure forefoot
106%
(N/cm2)

111%

105%

End effect: max pressure heel

(N/cm2)

Table 1: Biomechanical changes and subjective improvement (SANE)
resulting from gait retraining of soldiers with resistant ERLP; 2015 in
running shoes, 2017 in running shoes and military boots (same 10
patients). Note: gait retraining in boots reduces maximal force on the
heel, but increases maximal force on the mid foot; End
effect=compared to intake (=100%); ERLP=Exercise Related Leg Pain;
SANE=Single Assessment Numerical Evaluation [17]; *Zimmerman et
al. [16]; **study in progress, preliminary data.
In the same clinical, outpatient setting, again using an instrumented
treadmill to measure running biomechanics, a prospective study is
underway. This time the effects of gait retraining on the biomechanics
of running in shoes and in military boots are measured. Preliminary
results of 10 male resistant ERLP cases show the following: 1. Soldiers
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We conclude from our studies that soldiers with resistant ERLP,
among them soldiers with MTSS, respond well to a treatment program
that includes gait retraining. Our current outpatient conservative
treatment program, with emphasis on gait retraining of running and
marching in running shoes and boots, can substantially reduce
symptoms in many patients and has reduced the need for fasciotomy
for CECS [3].
In our studies gait retraining was mostly introduced with the
patients barefoot on the treadmill and with four basic instructions that
were repeated throughout the gait retraining program:
1. Change from heel strike to a ball-of-the foot landing (when
applicable);
2. Increase cadence to 180 steps/min (at a constant training speed of
10 km/h this results in a reduction of stride length);

Additional useful instructions were: 1. Run with less noise (for
soldiers: “the enemy is in the area, do not make yourself heard”); 2.
After landing on the ball-of-the-foot, do allow the heel to touch the
ground.
Five individual gait retraining sessions over a three-month period
were reported as “adequate” by the vast majority of patients. Patients
find mastering the new running technique in military boots more
difficult than in running shoes, therefore training sessions focusing on
running in military boots are an important component of the gait
retraining program, particularly for those soldiers with a military
specialty where running and marching in boots is essential. Running in
boots will never be as comfortable as running in running shoes, but it
will remain a military occupational requirement. Finally, it is
important to transfer the new running technique from the treadmill in
the lab to an outdoor situation under supervision. Some patients
unconsciously revert to old biomechanical patterns when running in
an outdoor environment.
Future studies on gait retraining in the military should determine
the effectiveness of this treatment. This requires a controlled
prospective study, where some patients receive gait retraining and
others do not. In addition, studies are needed on possible prevention
strategies for ERLP in military recruits. It is clear that less running, less
marching and more sleep are interventions that can reduce ERLP
injuries in military settings [18,19]. It is unclear if gait retraining is
feasible and cost effective as a primary prevention modality across
large populations. A prospective study involving gait retraining and
other interventions, preferably across militaries of several nations
would be a most powerful study design.
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