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ABSTRACT

Objectives: To validate and make evidence based changes to the Israel Defense Forces medial tibial stress
fracture diagnosis and treatment protocol.
Design: Prospective cohort study.
Methods: 429 Elite infantry recruits were reviewed for signs and symptoms of medial tibial stress fracture
during 14 weeks of basic training. Suspicion of medial tibial stress fracture was based on the presence
of pain, tenderness <1/3 the length of the tibia and a positive fulcrum and/or hop test. Recruits with
suspected medial tibial stress fractures were initially treated with 10-14 days of rest. Bone scan was
performed only when recruits failed to respond to the rest regimen or required immediate diagnosis.
Results: 31 Out of 49 recruits with a suspicion of medial tibial stress fracture underwent bone scan,
including 8/26 recruits whose symptoms did not resolve after being treated clinically as stress fractures.
There was a significantly greater incidence of medial tibial stress fractures when a positive hop test was
present in addition to tibial pain and tenderness (p=0.0001), odds ratio 52.04 (95% CL, 2.80-967.74).
Medial tibial stress fracture was found to occur when the band of tibial tenderness was <10 cm in length.
Tibial pain scores were not predictive of stress fracture.
Conclusions: This validation study provides the clinician with evidence based guidelines for the clinical
diagnosis and treatment of medial stress fractures and their differentiation from shin splints. An initial
treatment protocol without the use of imaging was found to be effective in more than two-thirds of the
cases.

© 2020 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

Practical implications

e The approach of initially treating suspected medial tibial stress
fractures with a brief rest period without imaging, resulted in

e The sensitivity of the hop test for diagnosing medial tibial stress resolution of the symptoms in more than 2/3 of the cases.
fracture when pain and tenderness were present was 100%, the
specificity 45%, the positive predictive value 74%, and the nega-

tive predictive value 100%, with an odds ratio of 57.52 (95% CL,

3.11-1062.58).

e The fulcrum test was not found to have a statistically significant
relationship with the incidence of medial tibial stress fracture.

e Medial tibial stress fractures were found to occur when the length
oftibial tenderness was <10 cm in length, but not when the length

of tenderness was >10 cm.

o Self reported tibial pain scores according to activity were not
predictive of medial tibial stress fracture.

* Corresponding author.

1. Introduction

Medial tibial pain is one of the most common symptoms expe-
rienced by both athletic and military trainees.'—> Historically the
terms shin soreness and shin splints have been used to describe
exertional medial tibial pain.* The presence of pain along the
posteromedial border of the tibia is now considered to be indica-
tive of either medial tibial stress syndrome or medial tibial stress
fracture.® The two are considered to be distinct clinical entities. It
is widely accepted that tenderness to palpation along the postero-
medial tibial border in a span >5 cm is consistent with a diagnosis
of medial tibial stress syndrome while tenderness in a span <5 cm
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Fig. 1. Painful medial tibial management protocol.

The etiology and pathophysiology of medial tibial stress syn-
drome have not been definitively established. One theory is that
the pain is secondary to inflammation of the periosteum as a result
of excessive traction of the tibialis posterior or soleus. This concept
is supported by bone scintigraphy findings of a broad linear band of
increased uptake along the medial tibial periosteum.® However, a
case-controlled ultrasound based study which compared periosteal
and tendinous edema of athletes with and without medial tib-
ial stress syndrome found no difference between the groups.” A
second theory is that medial tibial stress syndrome is a bony over-
load injury with resultant microdamage and targeted remodeling.
A study evaluating tibia biopsy specimens from the painful area
of six athletes suffering from medial tibial stress syndrome gave
only equivocal support for this theory.® Linear microcracks were
found in only three specimens and there was no associated repair
reaction.

Of the two diagnoses of medial tibial pain, medial tibial stress
syndrome and medial tibial stress fracture, the latter is by far of
the most concern to the medical and training staff. In addition to
the associated pain that can affect lower extremity physical perfor-
mance, there is the risk that the stress fracture may evolve from a
micro stage into a frank fracture of one cortex.* It is important for
the practitioner to have clear and validated physical examination,
diagnostic imaging and treatment guidelines.

The Israel Defense Forces (IDF) has been using a standard proto-
col for diagnosing and treating medial tibial stress fractures since
2006. The protocol considers medial tibial pain and tenderness
greater than one third of the length of the tibia to represent medial
tibial stress syndrome and not to represent stress fracture or to be
a precursor of stress fracture. Pain less than one third the length
of the tibia is considered to be secondary to bone’s physiological
adaptation to stress, and may or may not represent progression of
the physiological process to stress fracture. The protocol does not
include other causes of lower extremity pain which do not occur
along the medial tibial border, such as chronic exertional compart-
ment syndrome, popliteal artery entrapment syndrome and muscle
herniation.?> While the impression of IDF medical officers, is that the
diagnosis and treatment protocol for suspected medial tibial stress
fractures is both safe for the soldiers and allows them to rapidly
return to service, the protocol has never been validated. We report
the results of a prospective validation study of the IDF medial tibial
stress fracture diagnosis and treatment protocol which was per-
formed on five successive elite infantry induction companies. In the
validation, the efficacy of specific physical diagnosis criteria and
tests, pain evaluations and treatment protocols are all evaluated
individually.

429 Recruits
108 Recruits Vﬁl Painful Tibias

105 with Pain & Te&mess to Palpation

54 with Tenderness & Positive Fulcrum &/or Hop Test

43 with Tenderness 23 Immediate 26 Trea‘ted as 3 with No
but Negative Jump Bone Scan Cllnlcal Stress Fx. Tenderness

& Fulcrum tests with tenderness
>1/3Tibia
18 Resolved 8 Unresolved
Bone Scx Tered

10 Positive 13 Negative

7 Posmve 1 Negative

Fig. 2. Clinical distribution of recruits with medial tibial pain.

2. Materials and methods

The study protocol was approved by the ethics committee of
the IDF (#1736.2016). All study participants signed informed con-
sent. Before beginning their 14 week basic infantry training course,
measurement of recruit height and weight were made and recruits
filled out a sports participation and injury history questionnaire.

Recruits were reviewed every two to three weeks in the field
by a dedicated team of three orthopedists. At each review, data for
each recruit was recorded directly into a database developed for
the study using Access™ (Microsoft, Redmond, Washington, USA).
All recruits underwent a mandatory tibial stress fracture exam per-
formed by a dedicated orthopaedist. The medial border of each tibia
was palpated from proximal to distal using firm thumb pressure.
The proximal and distal boundaries of any tender area present were
measured in centimeters using a measurement tape, with the dis-
tance from the tip of the medial malleolus as a reference point. A
band of tenderness exceeding 1/3 of the tibial length was consid-
ered to be consistent with medial tibial stress syndrome and not
tibial stress fracture. If tenderness was present then two additional
tests were performed. The fulcrum test as originally described by
Devas* was performed with the patient in the supine position. The
examiner places his or her knee against the lateral border of the
lower limb at a point approximating the midshaft of the tibia and
uses it as a fulcrum (Fig.1). The examiner grips the inside of the
lower leg at points just below the knee and just above the ankle
and uses them to forcefully press the tibia against the fulcrum. This
maneuver produces a tension force on the medial tibial cortex and
if it causes pain the fulcrum test is said to be positive. The one-
legged hop test’ was done with the subject barefoot. If the subject
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had unilateral tibial pain he was requested to hop in place as high
as possible on the uninvolved leg and then asked if he felt pain in
the tibia during the maneuver. The subject then repeated the hop
on the involved leg. If pain was felt in the tibia on the symptomatic
side and not on the asymptomatic side, then the hop test was con-
sidered to be positive. If both tibias were symptomatic the subject
hopped first on the less symptomatic side. A recruit with subjec-
tive tibial pain, combined with tenderness to palpation less than 1/3
the tibial length, a positive fulcrum test and/or a positive hop test
was considered to have a suspected medial tibial stress fracture.
Recruits who did not meet these criteria continued to train.

Recruits were questioned as to the onset of symptoms of their
painful tibias and whether they experienced pain at rest, while
walking, during exertion and post exertion. Recruits were asked
to grade their pain on a scale of 1-10, for each activity.

Recruits with a suspicion of medial tibial stress fracture were
not initially sent for imaging unless there was an immediate need
for a definitive diagnosis such as before their parachuting course or
the presence of a concomitant suspicion of a femoral stress fracture.
They were treated clinically as if they had a tibial stress fracture,
with 10-14 days of limited training. They were restricted from
running, marching, carrying equipment more than 10% of their
body weight, standing for more than six hours/day and guarding
for more than 30 consecutive minutes standing. These restrictions
were designed to limit the amount of tibial bone loading to less
than 10% of that of their training program. At the end of this
period they were re-evaluated. Those whose symptoms were not
improved were sent for a bone scan. Recruits who were symptom
free or markedly improved, were returned to duty. If their symp-
toms worsened on returning to training, they were evaluated by
bone scan. Increased focal scintigrahic activity was graded accord-
ing to the size and intensity of the focus.® If an immediate definitive
diagnosis was needed, recruits were not treated according to the
above protocol but were sent for bone scan. Fig. 1 summarizes the
management protocol for the painful medial tibia.

Statistical analysis was performed using the Statistical Analysis
System (SAS Institute Inc., Cary, North Carolina, USA, version 9.4)
reading directly from the Access™ database. Nominal data were
assessed with chi square. Normally distributed interval data were
compared across the groups, using the Student’s t-test. Skewed
data and ordinal data were compared using Wilcoxon Rank Sums.
ANOVA was used to assess whether there was a difference in the
weight, height and age between the five induction companies. Odds
ratios were calculated to evaluate possible predictors of medial
tibial stress fracture.

3. Results

Overall, 429 elite infantry recruits, from 5 successive induction
companies in the period of 2016-2018 participated in the study.
Twelve recruits declined participation. The mean recruit age was
19.440.9 years, weight 67.5+8.5kg and height 174.6+6.6 cm.
There was no statistically significant difference between the weight
and height of the induction companies. The age of recruits was
higher in the second induction company than in the third induction
company (Diff, 0.4; 95% CL, 0.752-0.048; p=0.02) and higher than
in the fourth induction company (Diff, 0.7; 95% CL, 1.048—0.351;
p=0.0001) and higher than in the fifth induction company (Diff,
0.4; 95% CL, 0.752—0.048; p=0.02).There was a statistically signif-
icant difference between the incidence of recruits with tibial bone
pain (range 14.5-38%) between the induction groups (p=0.01, chi-
square).

Of the 429 recruits, 106 reported medial tibial pain. All but one
had tenderness to palpation on physical exam. Forty-nine recruits
had a suspicion of a medial tibial stress fracture based on the criteria
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Fig. 3. Distribution of the length of medial tibial tenderness:versus the presence or
absence of stress fracture.

of pain, tenderness less than 1/3 of the tibial length and a positive
fulcrum and/or hop test. Twenty-three of the 49 had immediate
bone scan evaluation because they either had a concomitant suspi-
cion of a femoral stress fracture or needed medical clearance to do a
mandatory parachuting course. Twenty-six recruits were treated as
clinical medial tibial stress fractures. In eight of these recruits the
treatment did not result in pain alleviation and a bone scan was
done. Fig. 2 summarizes the clinical distribution of the 106 recruits
with painful medial tibias.

Overall, 31 recruits in the study underwent bone scan because
of suspicion of medial tibial stress fracture. Before their bone scans,
the 31 recruits were found to have 51 areas of medial tibial tender-
ness. Four percent of the tender areas were in the proximal third,
49% in the middle third and 47% in the distal third of the tibia. In
total, 31 symptomatic medial tibial stress fractures were diagnosed
on the 31 bone scans. Seven were grade 1, sixteen grade 2 and eight
grade 3. Fifty percent of the tender areas in the proximal tibia, 52%
of the tender areas in the middle tibia and 71% of the tender areas
in the distal tibia were diagnosed by bone scan as stress fractures.

The bone scan results of these 51 symptomatic areas were used
to evaluate the diagnostic accuracy of the presence of medial tibia
tenderness less than 1/3 the tibial length and the positive fulcrum
and/or hop test in predicting medial tibia stress fracture. There
was a statistically significant greater incidence of medial tibial
stress fracture for participants who had tibial pain, tenderness and
a positive hop test compared to participants who had only tibial
pain and tenderness present (p=0.0001), odds ratio 52.04 (95% CL,
2.80-967.74). The sensitivity of the hop test for diagnosing medial
tibial stress fracture was 100%, the specificity 45%, the positive pre-
dictive value 74% and the negative predictive value 100%. There
was no statistically significant difference between the incidence of
medial tibial stress fractures of participants who had a positive ful-
crum test and those who had a negative fulcrum test (p =0.13), odds
ratio 2.49 (95% CL, 0.76-8.16). The sensitivity of the fulcrum test for
diagnosing medial tibial stress fracture was 52%, the specificity 70%,
the positive predictive value 73% and the negative predictive value
48%.

When the bone scan results were analyzed according to the
length of the tibial tenderness on the clinical exam, a statistically
significant greater incidence of tibial stress fractures was found
when the length of tenderness was <10 cm compared to tenderness
>10cm (p=0.003). No recruit with medial tibial tenderness >10 cm
in length was found to have a medial tibial stress fracture. Fig. 3
shows the distribution of the length of the medial tibial tenderness
according to frequency and whether or not a tibial stress fracture
was found at the site by bone scan. The odds ratio for tibial stress
fracture if the length of tibial tenderness was <10 cm compared to
>10 cm was 22.35 (95% CL, 1.16-403.64).
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All of the seven grade 1 bone scan lesions responded satisfac-
torily to the 7-10 days rest period and successfully returned to
duty. The protocol’s two-week rest regimen was inadequate for
7/16 grade 2 lesions and they required an additional week of rest.
4/8 of the grade 3 lesions were able to successfully return to duty
after the four weeks rest designated by the protocol but the remain-
der required an additional 7-14 days rest. There were no grade 4
tibia lesions in the study. There was no statistically significant dif-
ference between the pain scores for any of the activity states and
the presence or absence of medial tibial stress fracture.

4. Discussion

The IDF protocol’s criteria for determining clinical suspicion
of medial tibial stress fracture are a physical examination that
includes medial tibial pain, tenderness less than 1/3 of the length
of the tibia and a positive fulcrum® and/or hop test®. In this study,
the hop test was found to be a very sensitive test for predicting the
presence of medial tibial stress fracture and to have a high nega-
tive predictive value, but its specificity was relatively low. The odds
ratio for medial tibial stress fracture if pain, tenderness and a posi-
tive hop test were all present was 52.04 (95% CL, 2.80-967.74). No
statistically significant relationship was found between a positive
fulcrum test and medial tibial stress fracture. These findings illus-
trate the limitations of physical examination in diagnosing medial
tibial stress fracture.

According to the literature the length of medial tibial tender-
ness present is an indicator of whether or not a stress fracture is
present.>'? Winters et al.’? in their study of medial tibial stress
syndrome cite the Yates et al. criterion® in which tibial tenderness
>5 cmis not considered to be indicative of stress fracture. They con-
sider tenderness of 2—3 cm in length to be characteristic of medial
tibial stress fracture. Yates and White” reference the article of Batt
et al.'! as the source data for this criterion, but that article does
not state the scientific basis or source of the criterion. The current
study was specifically designed to evaluate these criteria and used
standard measurements. By bone scan criteria, medial tibial stress
fracture was found to occur when the measured band of tibial ten-
derness was present up to 10 cm in length. No medial tibial stress
fractures were found if the length of the measured medial tibial ten-
derness was >10 cm. This cut-off point for dividing cases between
medial tibial stress syndrome and possible tibial stress fracture is
an important finding because it differs from the previously stated
values in the literature.

The IDF medial tibial stress fracture diagnosis and treatment
protocol minimizes the role of imaging in the initial diagnosis and
management of a suspected medial tibial stress fracture. The ratio-
nal for this limited role is that grades 1 and 2 tibial scintigraphic and
MRI stress reactions can have equivocal meanings.'>!3 They may
either represent normal bone adaptation to physiological stress or
early stress fracture. The protocol assumes that a trainee who has
medial tibial tenderness less than 1/3 the length of the tibia and a
positive fulcrum and/or hop test has a high probability of having
a grade 1 or 2 lesion. It treats them initially without imaging, as if
a positive bone scan lesion would be present, with 10-14 days of
rest. Those whose physical exam is not according to these criteria
continue to train. In this study, this approach of treating a suspected
medial tibial stress fracture clinically, without initial imaging was
successful in 69% of the cases.

Evaluating participant pain did not prove to increase the accu-
racy of the medial tibial stress fracture exam. The level of pain
reported by recruits at rest, while walking, during exertion and
post exertion was not found to be associated with the presence of
stress fracture. Beck et al.'* reported similar findings. They found
a negative association between the severity of pain during daily
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activities and the imaging severity as assessed by bone scan, MRI,
and plain radiographs. Nussbaum et al.!> have developed and vali-
dated a shin pain scoring system for predicting bone stress injuries
but they reported that their criteria had only 26% specificity.

MRI has gained popularity as a tool for the diagnosis of stress
fracture and it has clear advantages over bone scan. It does not
expose patients to ionizing radiation and the imaging time is less
than that of bone scan. The weakness of MRI in evaluating medial
tibial cortical bone is because of cortical bone’s short-lived proton
nuclear magnetic resonance signals. This gives cortical bone a dark
MRI image.'® Fredericson et al.'” reported an MRI 1-4 scoring sys-
tem for grading the severity of medial tibial stress reactions based
on a cohort of 14 runners. Their system or adaptations of it are
widely used today as the basis for evaluating medial tibial pain and
diagnosing medial tibial stress fracture. They note that the injury
starts with MRI evidence of periosteal edema, progresses to mar-
row involvement and ultimately to “frank cortex stress fracture”.
As such they consider medial tibial stress fracture to be part of the
continuum of medial tibial stress reaction. While the system grades
the severity of the stress reaction it definitively defines the lesion
as a stress fracture only for grade 4 lesions. Since grade 4 lesions
involve complete fracture of one cortex they can also readily be
seen on plain radiographs. Yao et al.'® examined the significance
of periosteal versus marrow findings in MRI imaging of the tibia.
They concluded that the MRI grading system of Fredericson et al.'”
was not prognostic in evaluating cases of tibial stress injuries. Bone
scan has similar limitations. There however are published correla-
tions between plain X-ray evidence of cortical fracture and bone
scan grades. In 4% of grade 1 lesions, 21% of grade 2 lesion, 76% of
grade 3 lesions and 100% of grade 4 lesions plain radiographs were
positive for stress fracture.®

The present study was done on military recruits and not sports-
people. The concerns of the medical staff treating these two
populations may be somewhat different. Those treating athletes are
of course concerned about the possibility of medial tibial stress frac-
ture. They are also concerned about medial tibial pain itself, because
its presence can be a major deterrent in achieving maximum per-
formance. The elite infantry recruit is trained to perform during
sustained adverse conditions, while carrying heavy loads.'?0 Per-
formance under these conditions requires the ability to tolerate and
even ignore pain. The elite infantry medical staff is inclined to be
less concerned about the presence of medial tibial pain itself, if it
does not represent the danger of medial tibial stress fracture.

There is a natural safety factor in treating medial tibial pain.
Devas® long ago observed that when medial tibial pain does rep-
resent stress fracture and progresses, the fracture is incomplete
involving only one cortex of the bone. To the best of our knowl-
edge, complete medial tibial fractures have not occurred in the IDF
as a result of medial tibial stress fracture.

The rest regimens in the IDF tibia stress fracture treatment pro-
tocol are based on the grade of bone scan foci. It is assumed that the
possibility of cortical microdamage being present and/or the extent
of the microdamage increases with each increase in scintigraphic
grade. The recommended rest regimens are grade 1 =1 week; grade
2 =2 weeks, grade 3 =4 weeks; grade 4 =6 weeks. The rest regimens
were based on an estimate of the time thought to be needed for the
bone to halt development or progression of cumulative microdam-
age and allow for successful bone adaptation to medial tibial stress.
The current study shows that the rest regimen guidelines may be
inadequate for some recruits with grades 2 and 3 lesions to success-
fully return to duty. Therefore it is important that participants be
re-evaluated at the end of the recommended rest period to deter-
mine if the protocol’s rest guidelines are sufficient for the individual
trainee. Fredericson et al.'” recommend longer rest regimens in
their study population of runners based on their MRI grading sys-
tem. Grade 1 medial tibial stress reactions receive 2-3 weeks of rest
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before they return to running on grass or a soft dirt track. For grade
2 lesions, the rest is increased to 4-6 weeks and for grade 3 lesions
6-9 weeks of rest is given. In the Fredericson et al.!” study a grade
4 lesion was treated by casting for 6 weeks followed by 6 weeks of
non-impact activity.

The incidence of medial tibial stress fracture found in this study
was much lower than historically reported in the IDF.!? This reflects
the training changes adopted by the IDF to reduce stress fracture
risk.’® It should be emphasized that the protocol is not for ante-
rior tibial stress fractures. The study is limited in that it is based
solely on male subjects?! and on a military population.? The IDF
protocol, unlike the Fredericson et al.!” protocol treats medial tib-
ial stress syndrome as a separate and clinically definable entity.
The IDF protocol considers medial tibial stress syndrome to be a
reaction to stress of training, but not to represent an entity that pro-
gresses to stress fracture. A weakness of the protocol is its reliance
on bone scan for imaging evaluation. The IDF is currently study-
ing the feasibility of replacing bone scan in the medial tibial stress
fracture protocol with MRI because of concerns of the radiation
hazard.?> MRI criteria need to be further developed for identifying
stress fracture before they become evident on plain X-rays.

5. Conclusions

Even for training programs that use MRI for the evaluation of
medial tibial pain, this validation study of the IDF protocol offers
important information to the clinician. In this study using bone
scan criteria, medial tibial stress fracture was found to occur when
a band of tibial tenderness was present even up to 10 cm in length.
This value differs from the published cutoff value of 5cm, above
which medial tibial stress fractures are said not to occur. When
searching the published literature, the authors could not find the
basis for the 5 cm criterion.> %! In this study the physical exam-
ination criteria of the presence of medial pain, tenderness and a
positive hop test was found to be useful in determining suspicion
of medial tibial stress fracture, but was not diagnostic. The fulcrum
test was not found to be useful in predicting medial tibial stress frac-
ture. The study indicates that obtaining participant self-reported
tibial pain scores is not of value to the clinician in predicting the
likelihood of medial tibial stress fracture. Clinicians may want to
adapt the protocol’s concept of initially treating suspected medial
tibial fractures clinically without imaging. Only if subjects do not
respond to the protocol is imaging then used. This is because of the
inherent problems interpreting the significance of grades 1 and 2
MRI and bone scan findings in cases of medial tibial pain.
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