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Background: Gait retraining as part of a treatment
programme for exercise-related leg pain (ERLP) was
introduced in the sports medicine department of the Royal
Netherlands Army in 2013.
Objectives: To describe clinical experiences and retention of
gait retraining in a military setting.
Methods: Sixty-one cases from the year 2015 were available
for analysis of gait and gait retraining. In 2016, 32 of these
patients were available for a follow-up survey, 28 of them also
for the follow-up measurement of running biomechanics in
running shoes.
Results: Soldiers received an outpatient treatment
programme that lasted on average 129 days (SD 76). On
average they received 2.4 gait retraining sessions, leading to
significant and lasting changes in running biomechanics; in
particular, reduction in maximal force (N) and maximal
pressure (N/cm2) on the heels at 317 days follow-up (average,
SD 108). Most soldiers were satisfied with gait retraining. At
follow-up, 27 soldiers (84%) contributed some, the majority or
all reduction of symptoms to it. Seventy percent reported that
they had mastered the new running technique within two
months. The Single Assessment Numeric Evaluation score
increased from 55% to 78% for males and from 44% to 75% for
females.
Discussion: This is the first study to report on gait retraining
for Medial Tibial Stress Syndrome. In future, prospective
studies in the military running in shoes and running in boots
respectively should be investigated.
Conclusion: Soldiers with exercise-related leg pain (ERLP),
among them patients with Medial Tibial Stress Syndrome,
respond well to a treatment programme that included gait
retraining. Ten months post-gait retraining, their running
biomechanics still showed these positive changes from their
time of intake.
Keywords: medial tibial stress syndrome, chronic exertional
compartment syndrome, military
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Exercise-related leg pain (ERLP) is a common
problem in the military. Healthy young men
can have pain in both legs only weeks after
starting a training course, leading to them
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dropping out of the military. The most common diagnoses in
the Armed forces of the Netherlands are: 1. Medial Tibial Stress
Syndrome (MTSS), 2. Chronic Exertional Compartment
Syndrome (CECS), or 3. A combination of MTSS+CECS.[1] The
highest reported incidence of MTSS in a military setting was
35% of 124 naval recruits participating in basic military
training in Australia.[2] An estimation of the incidence of CECS
in the military is one in every 2000 US military service
members per year.[3]
MTSS is an overuse injury involving the interface of the tibial
bone and soft tissue. The patient with MTSS reports pain over
the tibia during and after leg loading activities.[4] The definition
of CECS is pathologically elevated intracompartmental
pressure during exercise, which returns to normal with
cessation of exercise.[5] The patient with CECS reports a fullness
or cramp like sensation over the involved muscular
compartment, often after a specific amount of exertion (time,
distance, or intensity).[5] If an intracompartmental pressure
measurement (ICPM) in the first minute post-exercise is above
35 mm Hg and the patient reports pain, the diagnosis CECS is
confirmed.[6] If the pressure measurement is below 35 mm Hg,
a new diagnostic term can be applied: Biomechanical Overload
Syndrome (BOS).[7]
For both MTSS and CECS, the exact pathophysiological
mechanism is not known.[1] A previous episode of leg pain and
the biomechanics of walking and running are a few of many
risk factors identified for these conditions in the military. [1]
Gait retraining, as a treatment for overuse injuries of the lower
extremities is presumably widely practiced but until now, was
scarcely reported in the literature.[8] Gait retraining regimens
generally focus on a transition from rear foot to midfoot or
forefoot strike, increasing cadence, or altering proximal
mechanics.[8] The rationale for gait retraining for overuse
injuries of the tibia is the reduction of vertical impact forces [9]
and for gait retraining in CECS is the reduction of tibialis
anterior activity.[10] Gait retraining as a treatment for CECS
shows promising results in the first publications on this
topic.[11,12] There are no publications on gait retraining as a
treatment for MTSS, but recent research indicates its positive
effects.[8]
In the sports medicine department of the Armed forces of the
Netherlands gait retraining as a part of the treatment
programme for ERLP was introduced in 2013, using
sophisticated tools, such as high-speed cameras and an
instrumented treadmill, to analyse walking and running
biomechanics. The goal of this study is to evaluate the
treatment results and to describe preliminary clinical
experiences and the retention of gait retraining in a military
setting. This study is retrospective in design.

Methods
The study involved an analysis of provided patient care
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(patient record analysis), a follow-up survey and measurement
of running biomechanics. The inclusion criteria were all
soldiers with ERLP who received gait retraining as part of their
treatment programme in the year 2015 with the following
diagnoses: 1. MTSS; 2. CECS (ICPM > 35 mm Hg); 3. BOS
(ICPM < 35 mm Hg); 4. MTSS+BOS; 5. MTSS+CECS. All
patients were initially seen by a single, senior sports medicine
physician (WZ), using a detailed intake, diagnostic and
treatment protocol for ERLP. Exclusion criteria were a
fasciotomy less than one year ago and previous gait retraining
elsewhere. Minimal follow-up time was at three months.
The following information was retrieved from patient
records: patient history, biometrics, pressure measurements of
the anterior and deep compartments in the first minute postexercise, diagnosis, kinetics and kinematics of running before
gait retraining (T0) and after a single gait retraining session on
the same day (T1).
The gait retraining intervention in 2015 consisted of four
instruction sessions: sessions 1 and 4 were given by a primary
care sports medicine physician (WZ), and sessions 2 and 3
were given by a physical education instructor. The initial gait
retraining session consisted of the following three segments: 1)
measurement T0: one minute of running in running shoes, i.e.
personal mechanics; 2) running on bare feet, with verbal
instructions to change to ball-of-the foot on landing (when
applicable) and preferably 180 steps per minute; 3)
measurement T1: one minute of running in shoes, new
mechanics. The speed of running was 9 km/h for females, 10
km/h for males during all running segments and
measurements. The running style (type of strike) was
determined based on slow-motion camera evaluation and
treadmill vertical force measurement. A heel-striker was
defined as a visual heel-striker plus a maximum force on the
heels > 400 N. During short moments of rest, all participants
were shown a video recording of their original and new
running mechanics and the measurements of the instrumented
treadmill to learn the reduction in impact forces. Instruction
sessions 2 and 3 were private gait retraining lessons each
lasting 30-60 minutes. All participants received a six-week gait
retraining schedule, containing two running sessions a week,
to ingrain the new running technique to a continuous running
time of 15 minutes. Instruction session 4, given by the sports
physician, was limited to a brief visual check of the new
running mechanics. Many patients stayed on for a second sixweek gait retraining schedule, consisting of two-three running
sessions a week, to increase running time with the new
running technique to 30 minutes at a time. Patients were
advised not to run more than the time prescribed in the
schedules in order to reduce the chance of a recurrence of
symptoms.
Gait retraining was not the only intervention offered in 2015
to patients with ERLP. Each patient received a personalised
programme with a mix of the following interventions:
stretching or strengthening of lower extremity musculature,
supplementation with vitamin D if below 50 nmol/l, massage
of hypertonic musculature, dry needling of trigger points,
neuro-prolotherapy with 10% glucose, extra corporeal
shockwave therapy of the medial tibial border (four-five

sessions), prescription of compression stockings, evaluation of
running shoes, evaluation/prescription of shoe inserts,
maintaining fitness with a low impact training programme,
and radiological imaging. At the end of the treatment
programme in the sports medicine department, many patients,
particularly those in physically demanding military
specialties, were referred to the physical therapist on base for
additional training before returning to full duty.
From the telephonic follow-up survey in 2016, the following
information was obtained primarily with multiple-choice
questions: current military status, current ERLP status, time
and effort required to master the new running technique and
any additional medical interventions from other medical
professionals in the follow-up period.
During the follow-up measurement of running biomechanics
(T2) the treadmill (H/P/Cosmos Sports & Medical, Nussdorf,
Germany), the software (Zebris Medical, Isny, Germany) and
running speed applied were identical to the initial
measurements (T0 and T1). The treadmill is serviced yearly. The
zebris software allowed for immediate feedback on running
biomechanics in three zones of the foot: rearfoot, midfoot and
forefoot.
In this study, the Single Assessment Numeric Evaluation
(SANE) was used as a subjective score for taxability of the legs
on a 0-100 scale, with 100 being normal.[13] The SANE score was
recorded at intake (SANE in), at the completion of the sports
medicine treatment programme (SANE out) and at follow-up
(SANE follow-up).
All statistical tests were performed using SPSS version 24.0.
The level of significance was set at p < 0.05. Data gathered
included counts, means and standard deviations for
continuous variables and counts and frequencies for
categorical variables. A Shapiro-Wilk test was performed to
test for normality of the data. If normality was assumed,
independent sample t-tests and paired t-tests were conducted;
if not, non-parametric testing was performed (Wilcoxon
signed ranks test).
The study was announced to the Medical Ethics Board,
Brabant, The Netherlands and approved under number
NW2016-41.

Results
In total, 61 cases with ERLP from 2015 were available for
record analysis, 48 males and 13 females. Table 1 shows
relevant characteristics of these soldiers. The most common
diagnoses were MTSS+CECS (20 males and seven females) and
MTSS (15 males and five females). The average duration of the
treatment programme was 119 days for men (SD = 63) and 176
days for women (SD = 104). The average SANE score of
patients improved during this time from 54.6 to 78.4 for males
and from 44.6 to 75.3 for females. At intake, 52 soldiers were
classified as heel-strikers (85%).
At recall in 2016, 32 patients were available for the follow-up
survey (53%) (see Figure 1). The average follow-up time was
298 days for men (SD = 105.2) and 357 days for women (SD =
82.0), the average follow-up SANE score was 73.3 for males
and 84.5 for females. In addition, 28 of these 32 patients were
available to return to the sports medicine department for
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follow-up
Table 1. Characteristics of all cases analysed (n = 61) and follow-up participants (n = 32)
treadmill
All gait retraining cases
Follow-up participants
measurements
Male (n = 48)
Female (n = 13)
Male (n = 22)
Female (n = 10)
(46%).
Statistically, the
Age (years)
25 ± 5
24 ± 5
25 ± 5
24 ± 6
soldiers
not
Stature
(m)
1.82
±
0.1
1.70
±
0.1
1.85
±
0.1
1.7
± 0.1
available
for
Weight
(kg)
86.9
±
11.0
70.4
±
8.0
91.3
±
9.6
68.1
± 6.8
follow-up were
BMI
26.3
±
2.5
24.5
±
2.8
26.7
±2.6
23.6
± 2.2
no different to
Duration
of
complaints
(months)
12.5
±
12.3
20.4
±
32.4
14.0
±
14.2
18.1
±
36.1
the soldiers that
Re-injury
17
(35%)
6
(46%)
6
(27%)
4
(40%)
were available
Heel striker
42 (88%)
10 (77%)
19 (86%)
9 (90%)
on the factors
Navicular drop R (cm)
0.83 ± 0.26
0.77 ± 0.36
0.85 ± 0.29
0.77 ± 0.40
presented
in
Navicular drop L (cm)
0.80 ± 0.31
0.70 ± 0.34
0.80 ± 0.38
0.70 ± 0.39
Table 1. Reasons
Diagnosis MTSS
15 (31%)
5 (39%)
7 (32%)
5 (50%)
for
not
Diagnosis CECS
4 (8%)
1 (8%)
1 (5%)
1 (10%)
participating in
Diagnosis BOS
6 (12%)
0 (0%)
3 (14%)
0 (0%)
the
follow-up
were: no contact
Diagnosis MTSS + BOS
3 (6%)
0 (0%)
2 (9%)
0 (0%)
possible
(17
Diagnosis MTSS + CECS
20 (42%)
7 (54%)
9 (41%)
4 (40%)
cases), no time to
SANE in (%) (Mn=47 Fm=13)
55 ± 19
45 ± 22
53 ± 16
42 ± 21
participate
Duration of treatment (days)
119± 63
176 ± 104
132± 65
136 ± 50
(eight cases) and
SANE out (%)(Mn=32 Fm=10)
78 ± 19
75 ± 20
82 ± 13
82± 12
follow-up time <
Moment of follow-up (days)
298 ± 105
357 ± 82
three
months
SANE follow-up (%)
73 ± 22
85 ± 14
(four cases).
Data are expressed as either mean ± SD or as a count (frequency of total).
Table 2 shows
BMI, Body Mass Index; MTSS, Medial Tibial Stress Syndrome; CECS, Chronic Exertional Compartment Syndrome; BOS,
Biomechanical Overload Syndrome; Single Assessment Numeric Evaluation (SANE); SANE in, SANE intake; SANE out, completion
selected
of the programme
measurements
of the running
technique in running shoes at T0, T1 and T2. Comparison of
measurements at T0 and T1 shows that a single session of gait
retraining leads to statistically significant changes in most
parameters of running measured. The changes in stride length
and cadence are relatively small, the changes in force (N) and
pressure (N/cm2) on the heels are relatively large. Comparison
of measurements at T0 and T2 shows that participants have
remained statistically different in most aspects of the running
technique measured. For females, the changes in stride length
and cadence were no longer statistically different, but force (N)
and pressure (N/cm2) on the heels remain significantly reduced
at T2 for both males and females. Comparison of measurements
at T1 and T2 shows that males have lost a significant part of
their initial reduction of force (N) and pressure (N/cm2) on the
heels. At follow–up, seven soldiers were classified as heelstrikers (25%).
Tables 3a and 3b show information from the follow-up survey.
On average, both males and females received 2.4 gait
retraining sessions. The number of gait retraining sessions was
called ‘adequate‘ by 59% of the males and 70% of the females,
while the others would have preferred one or two more
sessions (Table 3a). Seven patients received only one session
Fig. 1. Study proceedings
(not presented in Table 3a). Most soldiers were positive about
gait retraining. At follow–up, 27 soldiers (84%) contributed
some, the majority or all reduction of symptoms to it. Mastering sports medicine department, 14 soldiers (44%) received
additional training by a physical therapist and two had
the new running technique was reported to be easy or very easy
surgical treatment (fasciotomy).
by 12 soldiers (43%) and 19 soldiers (70%) reported that they
Table 4 shows treatment duration, follow-up time and SANE
had mastered the new running technique within two months
scores
in chronological order per diagnostic category. In some
(Table 3b). After completing the treatment programme in the
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diagnostic
categories,
already small at
intake, only a few
participants could
be evaluated at
follow-up,
therefore
no
further statistical
calculations were
performed on the
data in Table 4.
After 129 days of
outpatient
treatment and 317
days of follow-up,
military
ERLP
patients reported
an average SANE
score of 77%.
Patients in the
MTSS group had
the
highest
average
SANE
out
scores.
Patients in the
CECS group had
the
lowest
average
SANE
out and SANE
follow-up scores.

Discussion

Table 2. Kinetics and kinematics of running in sports shoes at T0 (intake), T1 (lesson 1) and T2 (follow-up)
Male

T0 (n=48)

T1 (n=43)

T2 (n=19)

T1 vs T0

T2 vs T0

T2 vs T1

Mean

SD

Mean

SD

Mean

SD

%

%

%

204

12.4

192

8.3

197

13.4

94*

97*

103

161

8.9

173

7.3

169

11.5

107*

105*

98

614

159.3

211

89.5

348

227.1

34*

57*

165*

749

136.2

798

150.3

839

158.4

106*

112*

105

1023

197.3

887

151.9

956

217.4

87*

94*

108

28

7.3

17

5.1

21

8.1

60*

73*

120*

26

7.9

26

4.3

28

3.5

98*

107

109

26

5.1

28

5.3

31

4.8

106*

119*

112

T1 vs T0

T2 vs T0

T2 vs T1

Stride length
(cm)
Cadence
(steps/min)
Max force heel
(N)
Max force
midfoot (N)
Max force
forefoot (N)
Max pressure
heel (N/cm2)
Max pressure
midfoot (N/cm2)
Max pressure
forefoot (N/cm2)

Female

T0 (n=13)

T1 (n=12)

T2 (n=9)

Mean

SD

Mean

SD

Mean

SD

%

%

%

189

15.8

178

12.5

182

8.0

95*

97

102

160

6.6

168

8.5

166

7.9

105*

104

99

489

164.1

167

140.3

175

104.5

34*

36*

105

576

124.0

693

207.3

663

111.1

120*

115*

96

Stride length
(cm)
Cadence
(steps/min)
Max force heel
(N)
Max force
midfoot (N)
Max force

Gait retraining as
forefoot (N)
820
107.8
694
144.3
806
150.3
85*
98
116
a treatment for
Max pressure
overuse injuries
heel (N/cm2)
26
7.6
15
7.5
14
6.9
58*
54*
93
of the lower
Max pressure
extremities
is
midfoot (N/cm2)
26
6.2
27
7.0
28
5.5
102
107
105
presumably
Max pressure
widely practiced,
forefoot (N/cm2)
27
5.9
29
5.0
32
3.8
105
118*
112
but
scarcely
* Significant at p <0,05
reported in the
literature. This study is a retrospective
Table 3a. Information from the follow-up survey
evaluation of gait retraining offered in 2015
Male
Female
to 61 soldiers with ERLP. Of these soldiers
n = 22
n = 10
32 were available for a follow-up survey
Currently in military service
22 (100%)
9 (90%)
and of these, 28 for a follow-up p
Replaced in a lighter specialty
3 (14%)
1 (10%)
measurement of running technique at 317
Number of gait retaining sessions received
2.4 ± 1.3
2.4 ± 0.8
Was this number adequate (yes)
13 (59%)
7 (70%)
days (SD = 108). The soldiers not available
Number of gait retraining sessions preferred
3.4 ± 1.5
2.8 ± 1.2
for follow-up were statistically similar to
Data are expressed as either mean ± SD or as a count (frequency % of total).
those who were available. To the best of
these authors’ knowledge, this is the first
physician changing strike pattern and introducing
study to describe the results of gait retraining for MTSS
relatively small changes in stride length and cadence can
patients.
produce a statistically significant change in most
At first measurement 85% of soldiers with ERLP were
parameters of running, but, in particular, in maximal force
identified as heel-strikers. This is similar to previous
(N) and maximal pressure (N/cm2) on the heels. This
findings on strike patterns among soldiers. [14] One gait
reconfirms that the biomechanical parameters of running
retraining session offered by a primary care sports medicine
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can be readily modified with deliberate instruction. [15] patients in this study indicated that their symptoms induced
Measurement at follow-up shows that participants lose a by running in running shoes were enhanced when running in
percentage of the changes that were made after the first gait military boots. In the authors’ lab, effects of similar magnitude
retraining session, but a statistically significant reduction in have been observed with gait retraining of running in boots
force and pressure at the heels remains (Table 2). At 317 (Meindl, Germany). No studies are available on gait retraining
days follow-up 25% of the soldiers were still heel-strikers, of running in military boots.
indicating perhaps an individual variation in susceptibility
This study has several of the inherent limitations of a
to gait retraining.
retrospective analysis: incomplete patient records, different
At follow-up the average SANE score of ERLP patients was follow-up times per case analysed, patients unavailable for
77% (Table 4). This shows that many soldiers with ERLP follow-up, and no control group. In addition, patients with
experience persistent difficulty with running even after a different diagnoses in the ERLP group were included and
comprehensive conservative sports medicine outpatient they received different treatment programmes of different
treatment programme for 317 days. In the Dutch Armed forces, duration. It is important to recognise that the benefits of the
as in the British and American forces, ERLP is a major cause of treatment provided cannot be attributed to gait retraining
decreased readiness to continue with training.[1] Continued alone. However, accepting these major limitations, the
effort is warranted in both the primary prevention and strength of this study is that it presents new and practical
treatment of these injuries. In previous studies, positive results information on gait retraining and its retention as part of a
were reported with gait retraining in the treatment of soldiers treatment programme for soldiers with ERLP. The followdiagnosed with CECS.[11,12] In this study patients with MTSS up period, 317 days, is long compared to most published
also responded well to a treatment programme, which studies [15] and contact with 53% of the patients, on average
included gait retraining. This is a novel finding and should after 10 months, is a good recall result in a military setting.
encourage healthcare workers to introduce gait retraining as It is also an instructive precursor for a prospective study on
part of the treatment of MTSS patients.
gait retraining of the same patient population. In future
In controlled study settings gait retraining
Table 3b. Patient evaluation of gait retraining at follow-up
has been executed with eight instruction
Male
Female
sessions in two weeks, or 18 sessions in six
weeks.[9,11,12] Short-term clinical success with
Time required to master new running technique
n = 19
n=8
1 month
11
5
only three gait retraining sessions has been
2 months
2
1
reported.[10] This retrospective analysis shows
3 months
4
1
that some patients had a high SANE follow-up
> 3 months
2
1
score with as little as a single gait retraining
session; however, most soldiers would have
Effort required to master new running technique
n = 20
n=8
preferred three to four sessions. On average,
Very little, it is very easy
2
0
patients received 2.4 gait retraining sessions,
Little, it is easy
5
5
where four sessions were intended. Stimulating
Intermediate
7
2
A lot, it is hard
6
1
attendance at all four gait retraining sessions
more stringently may improve treatment
Symptom reduction attributed to new running technique
n = 22
n = 10
results in the authors’ department and may
No symptom reduction
3
2
reduce the number of treatments sought after
Some symptom reduction
8
3
completing their programme.
The majority of symptom reduction
5
2
This study reports on gait retraining of
Complete symptom reduction
6
3
soldiers running in running shoes. Many
Table 4. Treatment periods and subjective evaluation per diagnostic category
SANE in (%)
Duration of treatment
SANE out (%)
Follow-up time (days)
SANE follow-up
(days)
(%)
Table 4. Treatment periods and subjective evaluation per diagnostic category
Mean
SD
n
Mean
SD
n
Mean
SD in (%)
n
Mean Duration
SD of treatment
n
Mean
SD
SANE
SANE outn(%)
MTSS
56
18
20
114
43
20
84*
14
15
340
98 (days)
12
78*+
19
12
CECS

54

21

5

122

67

4

63

31

3

345

6

2

50

28

2

BOS

56

17

5

89

48

5

70*

17

3

287

80

3

80

13

3

MTSS + BOS

60

10

3

208

135

2

83

4

2

347

263

2

75

35

2

MTSS + CECS

48

22

27

143

92

27

74*

21

18

294

113

13

80*+

20

13

All syndromes

52

20

60

129

76

58

77*

19

41

317

108

32

77*+

20

32

* Significant change from SANE in at p <0,05; + no significant change from SANE out at p>0,3
MTSS, Medial Tibial Stress Syndrome; CECS, Chronic Exertional Compartment Syndrome; BOS, Biomechanical Overload Syndrome; Single Assessment Numeric Evaluation
(SANE); SANE in, SANE intake; SANE out, completion of the programme;
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studies, it is advisable to measure running mechanics both
in running shoes and in military boots at intake and at the
completion of the gait retraining intervention. Follow-up
measurements could be planned at six and 12 months
respectively.

4.

Conclusion

6.

This study is a retrospective analysis of patient care, with a
follow-up, among Dutch soldiers with ERLP. The ERLP
patients received on average 2.4 gait retraining sessions.
Significant and lasting changes were achieved in running
biomechanics, in particular in maximal force (N) and
maximal pressure (N/cm2) on the heels at 317 days followup. Soldiers with ERLP were satisfied with gait retraining
as part of their treatment programme. Patients with Medial
Tibial Stress Syndrome responded well to the treatment
programme that included gait retraining as reflected by the
increase of their SANE scores. It is suggested that four gait
retraining instruction sessions, spread over two-three
months, with homework exercises, can be sufficient to
produce positive clinical results. In future, prospective
studies on gait retraining in the military, both running in
running shoes and running in boots should be investigated,
because both shod conditions are relevant for the military
patient.
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