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Background: Tibial stress fracture (SFx) is the most common SFx of the lower extremity. Presently, diagnostic accuracy of clinical
examination techniques for tibial SFx remains suboptimal.

Purpose: To assess the diagnostic effectiveness of 5 clinical tests for tibial SFx individually versus a test item cluster.

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: A total of 50 patients with tibial pain (17 with bilateral symptoms) were assessed with 5 clinical examination tests (tibial
fulcrum test, focal tenderness to palpation, heel percussion test, therapeutic ultrasound test, and 128-Hz tuning fork test) before
they underwent diagnostic imaging (radionuclide bone scan). The application of the clinical tests was counterbalanced to minimize
the likelihood of carryover effects. Patients provided a pain rating immediately before and after the application of each clinical test.

Results: The prevalence of tibial SFx among the study participants was 52.2%. High levels of specificity were produced by the
therapeutic ultrasound test (93.8%), tuning fork test (90.6%), and percussion test (90.6%). The fulcrum test had moderate to high
specificity (84.4%). All tests demonstrated low levels of sensitivity, with the highest levels found for focal tenderness to palpation
(48.6%) and fulcrum (45.7%). The fulcrum test provided the highest positive likelihood ratio (2.93), followed by the therapeutic
ultrasound test (2.30). The fulcrum test had the lowest negative likelihood ratio (0.64), with the focal tenderness to palpation and
tuning fork tests having negative likelihood ratios >1.0. Combinations of these clinical tests did not improve the prediction of tibial
SFx above that observed among the individual tests.

Conclusion: The clinical tests evaluated were generally highly specific, but all had low sensitivity. The fulcrum test provided the
highest level of diagnostic accuracy; however, it was inadequate for definitive clinical management. Combining tests did not
improve the diagnostic accuracy of tibial SFx.
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Stress fracture (SFx) of the tibia is among the most
common SFxs encountered in athletes and military
populations.5,14,20,28,31,33,37 An accurate diagnosis of tibial
SFx can be difficult because of the myriad of potential over-
use musculoskeletal conditions, variable presentation and
report of symptoms, lack of definitive clinical examination
tests, and delays in supporting imaging studies.

Accurate and prompt clinical diagnosis is desired for
optimal patient management. Decision making for return
to preinjury activities often incorporates imaging studies,
as clinical examination components have demonstrated low
levels of diagnostic sensitivity and/or specificity.25,39 The
use of various special (provocation) tests has been reported
in the literature with unacceptable and inconsistent levels
of diagnostic accuracy. The percussion test, percussing the
heel with the palm of the examiner’s hand, can induce pain
at the bone stress injury site.3,19 Use of the fulcrum test,

applying a bowing stress (eg, varus/valgus or posterior-to-
anterior directed force) to long bones, has proven useful in
the assessment of femoral shaft bone stress injury.4,15,36

Increased pain with application of a vibrating tuning fork
has also been purported to aid in the differential diagnosis
of bone stress injury.9,18,34 Lesho18 found the 128-Hz tuning
fork test (TFT) to have 75% sensitivity and 67% specificity.
Several reports suggest that pain with application of ther-
apeutic ultrasound (TUS) to the cutaneous surface overly-
ing bone (eg, tibia) may improve identification of bone
stress injuries.2,7,12,22,23,27,29 Conversely, TUS has also
been reported to lack reliability in the diagnosis of tibial
SFx.30 Tenderness to palpation (TTP) is also suggested as
an important factor in the assessment of bone stress
injury.1,21,26 Prior studies on the diagnostic accuracy of
these clinical tests for SFx have been performed in isolation
and have not evaluated the use of multiple clinical tests as a
test item cluster.

The absence of a clinical test with high diagnostic accu-
racy for bone stress injuries of the leg has led to reliance
upon advanced imaging (eg, radionuclide bone scan or
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magnetic resonance imaging [MRI]), which is costly and not
always readily accessible. Identification of a clinical test, or
cluster of tests, with a high predictive value for detecting
the presence or absence of tibial SFx would optimize early
management, minimize lost training time, and reduce
expenditures for imaging studies.

The purpose of this study was to (1) assess the diagnostic
accuracy of 5 clinical tests as compared with bone scan for
the diagnosis of tibial SFx in military trainees and (2) eval-
uate whether a combination of clinical test results was
more predictive of tibial SFx than a singular test.

METHODS

Participants

The study protocol received institutional review board
approval. Our study population consisted of 50 male parti-
cipants with leg (tibial) pain. The mean age of the study
sample was 22 ± 3.0 years (range, 18-30 years). All partici-
pants were active-duty military personnel enrolled in US
Navy Basic Underwater Demolition/Sea, Air, Land (SEAL)
training.

Data Collection

Included were patients who were evaluated at a single med-
ical clinic for tibial leg pain for which imaging was deter-
mined necessary for further diagnosis and to aid in the
determination of duty (training) status. Anteroposterior
and lateral radiographs of the leg and a radionuclide bone
scan were ordered for patients who were unable to walk
without a limp or could not perform a single-leg hop
because of leg pain. Potential participants were excluded
from the study if they had a prior diagnosis of tibial SFx
(within the past 6 months) on the side that was currently
symptomatic.

Testing Procedure

Five clinical tests were performed on each patient within
48 hours before the imaging studies. The 5 clinical tests we
examined were chosen because they are readily available in
orthopaedic and physical therapy clinics. They were as fol-
lows: (1) tibial fulcrum test, (2) focal TTP examination, (3)
heel percussion test, (4) TFT (128 Hz), and (5) TUS test (3
MHz). The order of clinical testing was counterbalanced to
minimize the likelihood of carryover effects. For example,
patient 1 underwent the tests in the order stated above,

patient 2 underwent the tests in the order of tests 2 to 5,
followed by test 1, and the rotation of test order continued
through patient 5; the order of testing with patient 6 was
the same as that for patient 1.

Patients 1 through 37 were evaluated by 1 examiner
(M.D.R.), and patients 38 through 50 were evaluated by
another examiner (J.E.C.). Both examiners were physical
therapists with more than 10 years of orthopaedic clinical
experience and board certified in sports or orthopaedic
physical therapy. To establish consistency in test perfor-
mance, the examiners reviewed the test performance used
on the first 30 patients and then assessed interrater agree-
ment through blinded testing on 10 patients. Interrater
agreement ranged from 80% (percussion and tuning fork)
to 100% (fulcrum).

Before performing each test, the participant rated his
pain using a visual analog scale (VAS; range, 0-10, with
10 indicating worst pain) by placing a vertical line across
a 10-cm horizontal line. The initial rating was used as the
baseline pain measure. Immediately after completion of
each test, the patient once again rated his pain level. The
patient notified the examiner when the pain level had
returned to the baseline pain measure, at which time the
next clinical test was performed. None of the study patients
reported discomfort leading to the inability to proceed with
subsequent clinical testing.

For all tests except the TTP examination, a positive
result for tibial SFx was defined solely as an increase in the
VAS pain score >2 points compared with baseline.

Clinical Tests

Tibial Fulcrum Test. Before initiating study enroll-
ment, the lead investigator (M.D.R.) performed the test
with a handheld dynamometer to assess the magnitude
of force application and establish consistency in perfor-
mance of the test. Approximately 11 kg force was applied
on the side opposite of the location of pain (eg, lateral if
pain was on the medial side) and directed perpendicular to
the patient’s reported location of pain. For example, to
stress the posteromedial aspect of the tibia, force was
applied through the palmar aspect of the examiner’s hand
at the patient’s anterolateral tibia in a posteromedial (val-
gus) direction with the examiner stabilizing the leg at the
ankle (Figure 1).

Focal Tenderness to Palpation. The TTP examination,
using the index and middle fingers, was performed to
assess for tenderness along the posteromedial shaft of the
tibia (Figure 2). Patients were positioned supine, with the
hip and knee flexed to approximately 45� and 90�,
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respectively. This allowed for relaxation of the posterior
compartment musculature and more direct palpation along
the posteromedial aspect of the tibia. As palpation was per-
formed along the posteromedial tibial shaft, pen marks
were made to delineate the length of the area(s) of TTP.
The test was considered positive if an increase in the VAS
pain score >2 points was present compared with baseline
and if the area of tenderness was�2.5 cm in length; the test
was negative if it was >2.5 cm.1

Heel Percussion Test. The percussion test was performed
with the patient supine. The limb was passively lifted
approximately 6 inches off the table and with support distal
to the calcaneus. Direct impact was then applied to the

plantar aspect of the calcaneus by striking it with the palm
of the hand3,16 (Figure 3).

Tuning Fork Test. The TFT was assessed with the
patient supine, the hip and knee flexed (to approximately
45� and 90�, respectively), and the foot resting on the exam-
ination table. A 128-Hz tuning fork was then struck and
placed proximal to the location where the patient identified
the point of greatest pain. While maintaining contact with
the tibia, the tuning fork was moved distally to a point
2.5 cm distal to the area of pain. A second application of
the TFT was performed by placing the vibrating tuning fork
at the location of greatest pain as identified by the patient
and maintaining contact between the tuning fork and the
tibia at that point until the vibration ceased (Figure 4).

Therapeutic Ultrasound Test. The 3-MHz TUS test was
performed spanning the patient-reported area of pain and

Figure 1. Positioning and application of the tibial fulcrum test.
The arrow depicts the direction of force application on an
individual with pain over the medial tibia (star).

Figure 2. Positioning for performing the focal tenderness to
palpation test.

Figure 3. Heel percussion test.

Figure 4. Tuning fork test.
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using an area the size of three 5-cm2 ultrasound heads29

(Figure 5). Ultrasound was applied continuously at an
intensity of 0.5 W/cm2 for the first minute, increased to
1.0 W/cm2 during the second minute, and then increased
to 1.5 W/cm2 for the period from 3 to 5 minutes. The TUS
test was stopped before 5 minutes had elapsed if the patient
reported an increase in pain >2 points on the VAS.

Imaging Studies

Within 48 hours of completing the battery of clinical tests,
each patient underwent a standard imaging protocol of
radiographs followed by radionuclide bone scan. The pres-
ence or absence of a tibial SFx was documented based on
the radiologist’s official report after completion of imaging
studies.

Statistical Analysis

Specificity, sensitivity, and positive and negative predictive
values, along with the positive likelihood ratio (PLR) and
negative likelihood ratio (NLR), as well as overall accuracy
were calculated for each clinical test.11 Radionuclide bone
scan test results served as the standard for comparison.
Likelihood ratios were determined, as they have been con-
sidered the best analysis for indicating the usefulness of a
test and how the test result (positive or negative) changes
the probability of the presence (positive likelihood) or
absence (negative likelihood) of the condition.11

Using bivariate and multivariate logistic regression
analysis, a post hoc receiver operating characteristic (ROC)
curve was constructed for each test and test combination.
All positive tests were given a score of 1 (evaluator indi-
cated test as positive), and a score of 0 was given if the test
was negative. When assessing multiple tests in combina-
tion, a 1 was awarded if any single test was positive (eg, if
the fulcrum was positive and TTP was negative, the com-
bination of fulcrum and TTP was scored as a 1, as compared
with a 0 if all tests were negative). The point on the ROC

curve that maximized both the sensitivity and the specific-
ity of the test was identified as the reach distance. Finally,
the area under each ROC curve (AUC) was calculated for
each test and test combination.

RESULTS

Of the 50 participants in the study, 26 had at least 1 tibial
SFx for a prevalence rate of 52.2%. Of the 26 participants
who incurred a SFx, 17 had bilateral symptoms resulting in
clinical testing on 67 extremities. The duration of reported
leg pain was 6 to 365 days, with an average symptom dura-
tion of 47 days. Most patients reported their leg pain to be
along the posteromedial tibia, which is consistent with
prior literature.16 Each tibial SFx was diagnosed by bone
scan; none were diagnosed by radiographs. The location of
all tibial SFxs was along the posteromedial aspect, with 3 in
the proximal third, 1 in the distal third, and the remainder
in the midthird. All sensitivity values were considered low
(<50%), with a range from 48.6% (focal TTP) to 5.7% (TFT)
(Table 1). High levels of specificity were present for the
percussion test (90.6%), TFT (90.6%), and TUS test
(93.8%). Moderate to high specificity was demonstrated
by the fulcrum test (84.4%), while focal TTP demonstrated
low specificity (40.6%). The fulcrum test (2.93; 95% CI, 1.21
-7.07) and TUS test (2.30; 95% CI, 0.48-11) demonstrated
the highest PLRs (Table 1). The lowest NLR was produced
by the fulcrum test (0.64; 95% CI, 0.46-0.90), with the other
tests approaching (percussion and TUS both at 0.91) or
exceeding (TFT, 1.04; focal TTP, 1.27) 1.0.

The AUCs ranged from 0.52 to 0.65 for individual tests
(Table 2). The highest AUC for any combination of tests was
0.68 for the fulcrum and TUS (Figure 6).

DISCUSSION

The fulcrum test provided superior overall diagnostic accu-
racy (64%) in comparison with the other clinical tests and
was the only test with an overall diagnostic accuracy>52%.
None of the other clinical tests were better than a coin toss
at predicting the presence of a tibial stress injury. The only
combination of clinical tests that improved diagnostic accu-
racy above that provided by the fulcrum test in isolation
was the combination of fulcrum and TUS. The magnitude
of difference between those 2 AUCs was small (0.65 vs
0.68), suggesting a low impact of combining the 2 tests. This
is the first study to include the fulcrum test in a series of
tests for the assessment of exercise-related leg pain.

Despite relatively high incidence rates, clinical diagnosis
of tibial SFx remains elusive. The continuum of bone stress
injury along with a multitude of other musculoskeletal con-
ditions of the leg contribute to the diagnostic challenge.
Imaging studies result in a significant loss of training time
for military trainees. In this study, the total procedure time
(including transportation and return to the medical clinic)
for radiographs was 2 to 3 hours and 6 to 8 hours for a
radionuclide bone scan. In some cases, a delay in definitive
diagnosis results in a decision to withhold the trainee from

Figure 5. Therapeutic ultrasound test.

4 Rosenthal et al The Orthopaedic Journal of Sports Medicine



activity until the next training class begins. This delay can
be multiple months, or it may result in a decision to remove
the individual from the training program altogether. Thus,

the presence of a valid and reliable clinical diagnostic test
would mitigate these challenges.

Tibial Fulcrum Test

As most participants reported pain primarily along the pos-
teromedial aspect of the tibia, the force was applied from
anterolateral to posteromedial. For participants who
reported pain along other regions (eg, anterior shaft of the
tibia), the force was applied perpendicular to that area (eg,
from posterior to anterior). The fulcrum test demonstrated
the best overall accuracy, highest positive and negative
predictive values, and best PLR and NLR (Table 1). Fur-
thermore, it was the only test with an AUC >0.6. In this
sample, a positive fulcrum test increased the likelihood of a
tibial SFx from 52% to 76%. By applying an a priori likeli-
hood of 20%, based on prior research,35 the shift in diagno-
sis produced by a PLR of 2.93 would result in a posttest
probability of tibial SFx being 42%. The fulcrum test was
the only test, albeit minimally, to improve diagnostic accu-
racy in ruling out a tibial SFx. The posttest probability of a
patient not having a tibial SFx with a negative fulcrum test
improved from 48% to 41%. Although this was the best test
in this study for ruling out tibial SFx, the negative predic-
tive value, NLR, and level of sensitivity clearly indicate it
should not be used to confidently rule out tibial SFx.

TUS Test

A review of previously published studies on TUS for the
evaluation of tibial bone stress injury indicated variation
in test parameters of TUS intensity, frequency, sound head
size, rate of sound head movement across the site of symp-
toms or static application to the site, and the tissue area
covered during ultrasound application.2,22,23,27,29,30 Such
variability may have contributed to the wide range of sen-
sitivity, specificity, likelihood ratios, and diagnostic accu-
racy reported (Table 3). Three-Megahertz TUS was selected
based on the depth of penetration to the affected bony sur-
face being <2.5 cm and its being a commonly available fre-
quency on ultrasound units in the United States.8,13 The
TUS test produced the highest level of specificity (93.8%)
and second highest PLR. The likelihood of a tibial SFx
increased from 52% to 71% when the TUS test was positive.
A negative ultrasound test was not useful for ruling out

TABLE 1
Diagnostic Statistics for the Clinical Testsa

Test Sensitivity, % Specificity, % PPV, % NPV, % PLR (95% CI) NLR (95% CI) Overall Accuracy, %

Fulcrum 45.7 84.4 76.2 58.9 2.93 (1.21-7.07) 0.64 (0.46-0.90) 64
Percussion 17.1 90.6 66.7 50.0 1.83 (0.50-6.71) 0.91 (0.76-1.10) 52
TFT 5.7 90.6 40.6 46.8 0.61 (0.11-3.42) 1.04 (0.91-1.19) 46
TTP 48.6 40.6 47.2 41.9 0.82 (0.52-1.28) 1.27 (0.75-2.15) 45
TUS 14.3 93.8 71.4 50.0 2.30 (0.48-11.00) 0.91 (0.78-1.08) 52

aNLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value; TFT, tuning
fork test; TTP, focal tenderness to palpation; TUS, therapeutic ultrasound.

TABLE 2
Post Hoc AUC Values for Diagnostic Testsa

Test AUC (95% CI) SE

Fulcrum 0.65 (0.55-0.76) 0.05
TTP 0.55 (0.43-0.67) 0.06
TUS 0.54 (0.47-0.61) 0.04
Percussion 0.54 (0.46-0.62) 0.04
TFT 0.52 (0.45-0.58) 0.03

aAUC, area under the receiver operating characteristic curve;
TFT, tuning fork test; TTP, focal tenderness to palpation;
TUS, therapeutic ultrasound.

Figure 6. Post hoc receiver operating characteristic (ROC)
curves for the fulcrum test and related test combinations.
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tibial SFx, with a shift in likelihood from 48% (no SFx)
to 50%.

Tuning Fork Test

Aside from TUS, the TFT is the only other clinical test that
has been critically assessed in more than a single research
study on tibial SFx.9,18,24 This study used the 128-Hz tun-
ing fork, which was also used in the research by Fatima
et al9 and Lesho.18 Wilder et al38 reported that the highest
diagnostic sensitivity was produced with the 256-Hz tuning
fork and greater specificity with the 128- or 512-Hz tuning
forks. Systematic reviews have advised caution in the use of
the TFT because of the less than acceptable sensitivity.30,34

While the TFT produced a high level of specificity (90.6%),
the PLR (0.61) and NLR (1.04) did not result in an improve-
ment in posttest probability of the presence or absence of
tibial SFx. There was a greater chance of a positive TFT in a
patient without a tibial SFx and a negative TFT in a patient
with the presence of a tibial SFx.

Focal TTP

The focal TTP test has been recommended to distinguish
between a SFx and shin splints.1,16 Bony tenderness has
been reported to provide a high level of sensitivity and pos-
itive and negative predictive values.26 However, specific
details on performing the palpatory examination were not
provided. Diagnostic accuracy values of focal TTP in the
assessment of tibial SFx have not been previously reported.
Focal TTP, similar to the TFT, also produced PLRs and
NLRs on the opposite sides of 1.0. The NLR of 1.27 indi-
cated that there was a greater chance of a negative finding
in a patient with a tibial SFx as compared with a patient
without a tibial SFx.

Heel Percussion Test

To our knowledge, no detailed report of administration or
critical analysis of the heel percussion test in the evaluation
of individuals with leg pain is available in the literature.
The magnitude of percussion to the calcaneus has not been
reported in the literature, and the investigators did not
standardize the magnitude of impact applied to the heel
in this study. The percussion test had the second highest

level of specificity and the third highest PLR. A positive
percussion test shifted the probability of having a tibial SFx
from 52% to 67%.

Combination of Tests

The highest level of sensitivity, 0.67, was attained with a
test item cluster of the fulcrum, TUS, and focal TTP tests.
Thus, the presence of negative fulcrum, TUS, and TTP tests
provides a 67% likelihood of the patient’s not having a tibial
SFx. Positive fulcrum and ultrasound tests in combination
yielded a slightly higher probability of correct diagnosis
with an AUC of 0.68 compared with the fulcrum test in
isolation. Evaluation of test item clusters did not signifi-
cantly improve the ability to identify which patients had
a tibial SFx compared with the fulcrum test in isolation.

Study Limitations

Some limitations of this study are noteworthy. Clinical
examination tests were counterbalanced to reduce the
potential of carryover effects. Randomizing the order of
tests may have yielded different results. Military duty sta-
tion assignment resulted in a need to have a second exam-
iner, which introduced heterogeneity and may have
influenced the findings. The research team implemented
training to standardize application of the tests and mini-
mize the possible confounding influence of multiple exam-
iners. The use of radionuclide bone scan as the gold
standard imaging study was a limitation of this study.
Radionuclide bone scan was used based on its high level
of sensitivity, moderate specificity, and the rapid clinical
availability to get such examinations within <48 hours
after clinical assessment for leg pain. Research has demon-
strated a comparable level of sensitivity between radionu-
clide bone scan and MRI.39 While MRI provides the highest
level of specificity in the evaluation of bone stress injuries,
delays >1 week for routine MRI of tibial pain made its use
unrealistic in time-critical patient management. Although
radiographs are recognized as providing a low level of sen-
sitivity in the evaluation of lower extremity SFx, they were
part of the imaging sequence protocol used at the institu-
tion where patients underwent imaging. Imaging of leg
pain using MRI and the grading scale proposed by Freder-
icson et al10 may have yielded differences in diagnostic

TABLE 3
Diagnostic Values of Therapeutic Ultrasound in the Evaluation of Tibial Stress Fracturea

Study Sensitivity Specificity NPV PPV PLR NLR Overall Accuracy, %

Boam2 0.43 0.49 0.51 0.41 0.84 1.2 46
Devereaux7 0.53 — — 0.73 0.53 — 44
Moss22 0.91 1.0 0.89 1.0 — 0.09 95
Nitz23 1.0 0.80 1.0 0.89 5.0 — 93
Papalada27 0.82 0.67 0.13 0.99 2.5 0.26 81
Romani29 0.67 0.59 0.91 0.22 1.63 0.56 60
Present study 0.14 0.94 0.50 0.71 2.30 0.91 52

aDashes indicate values unable to be calculated. NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood
ratio; PPV, positive predictive value.
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accuracy results for these clinical tests. Another possible
limitation of this study is that 34% (17/50) of the sample
was identified as having radionuclide bone scan findings
consistent with an SFx on an asymptomatic side or location.
Of those 17 individuals, 11 (65%) did have imaging findings
consistent with a tibial SFx. Kiuru et al17 reported that 44%
of military trainees with positive findings on MRI did not
report any symptoms, but it should be noted that those with
an absence of symptoms were identified as having less
severe (<grade 3) bone stress injury. This increased uptake
in the absence of reportable symptoms may indicate a pre-
clinical condition or could also be the result of an indivi-
dual’s underreporting musculoskeletal symptoms, which
has been noted to be common in military personnel.6,17,32

Additional limitations of this study include its small sam-
ple size and wide range of the 95% CIs. The study sample
included only male patients; thus, it is unknown if female
patients, recognized as having a higher incidence of SFx,
would have the same response to the clinical tests. Future
research may benefit from consideration of other methods
to stress the tibia (eg, evaluation of change in VAS during
single-leg stance as compared with nonweightbearing), fur-
ther clarification of physical examination components (eg,
palpation technique to include magnitude of pressure appli-
cation), the inclusion of women, and the incorporation of
more details from patients’ subjective examination (eg,
report of night pain or pain pattern postactivity).

CONCLUSION

When managing patients with exercise-related leg pain and
suspicion of tibial SFx, all elements of the patient evalua-
tion need to be incorporated into the development of a work-
ing diagnosis. Although the results of this study indicate
superiority of the tibial fulcrum test over more commonly
reported clinical tests, the diagnostic accuracy is unaccept-
ably low in comparison with advanced imaging (eg, MRI).
Further research incorporating the fulcrum test and addi-
tional examination components may further improve diag-
nostic accuracy. Currently, however, clinicians should
continue to rely on advanced imaging modalities when
definitive diagnosis of suspected bone stress injuries is nec-
essary for patient management.
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