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Background: We wanted to compare an ultrasound examination with the bone scintiscan to diagnose 
stress fractures. 

Methods: Using the bone scintiscan as the reference standard, we conducted a prospective, double-blind 
study of 78 patients (87 percent were men, mean age 24 years) referred for bone scintiscan to rule out 
tibial stress fractures. After the participants were injected with radionuclide, we examined each tibia once 
using ultrasound adjusted for an active intensity of 2.0 W/cm2 and again with the wand turned off. 
The patient was blinded to the mode used. The patient's response to the ultrasound was considered positive 
if the patient reported pain as the wand passed over the tibia. A bone scintiscan was considered 
positive according to the criteria of Zwas. One sonography technician performed all examinations; 
both he and the nuclear medicine department were blinded to the other's findings. The final results were 
tabulated by a third, uninvolved party. A positive correlation between the scintiscan and ultrasound 
examination consisted of pain with active ultrasound and any degree of stress fracture in any part of the 
same tibia as found on the bone scintiscan. 

Results: Thirty-five stress fractures were found on bone scintiscan, whereas only 15 were detected 
by ultrasound examination (sensitivity 43 percent). With ultrasound testing there were 22 false positives 
(specificity 49 percent) and 20 false negatives. These findings resulted in a positive predictive value 
of 41 percent and a negative predictive value of 51 percent. 

Conclusion: Ultrasound is not reliable in the diagnosis of tibial stress fractures. Bone scintiscan remains 
the test of choice. (J Am Board Fam Pract 1996;9:414-7.) 

Overuse injuries of the lower extremities are 
commonly seen in primary care and sports medi
cine. Simple overuse injuries usually respond rel
atively quickly. True stress fractures require ex
tended periods of abstinence from the offending 
activity if the natural healing and remodeling of 
the bone is to occur. Radiologic studies are often 
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needed to distinguish stress fractures from the 
more-common stress reaction or shin splints. 

The radiologic reference standard for the de
tection and diagnosis of stress fractures is the 
bone scintiscan. Able to detect fractures within a 
few days of their occurrence, a bone scintiscan of
fers a more rapid diagnosis than plain film radio
graphs, which require a number of weeks before 
diagnostic changes can be detected. Several au
thors have also suggested using ultrasound to dis
tinguish stress fractures from stress changes that 
have not progressed to the point of fracture. 1-4 

Ultrasound waves passing over the fracture site 
cause the patient to experience the sensation of 
pain. In a MEDLINE review of the English liter
ature for the past 20 years, we found four shldies 
using ultrasound in this manner. In 1980 Nitz and 
Scovi lie 1 reported <) 3 percent accuracy when 
comparing ultrasound examination with plain 
film radiographs in diagnosing medial tibial 
plateau stress fractures. Giladi et aJ2 reported 71 
percent accuracy with ultrasound compared with 
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bone scintiscan. Devereaux et aP found that ul
trasonic evaluation correlated with bone scinti
scan diagnosis of stress fractures 53 percent of the 
time. Moss and Mowat4 reported 96 percent ac
curacy of ultrasound examination when com
pared with bone scintiscan in one small popula
tion and 75 percent correlation in another. 

Because of this reported wide variation in accu
racy, we conducted a prospective, double-blind 
study to compare ultrasound examination with 
bone scintiscan in the diagnosis of stress frac
tures. If ultrasound proved to be a reliable modal
ity, it would represent a cheaper, faster, and more 
accessible diagnostic tool. Additionally, it would 
do away with the radiation exposure required 
with a bone scintiscan. 

Methods 
Our institutional review board approved this pro
ject. Patients referred to the nuclear medicine 
service for a bone scintiscan to rule out tibial 
stress fractures were invited to participate in this 
study. Mter we obtained informed consent, the 
patient was injected with 25 mCi ofTc 99mMDP 
intravenously. The patient was then sent for ul
trasound examination. A single, dedicated sonog
raphy technician performed all examinations, and 
each examination evaluating the tibia was limited 
to 30 seconds, as this amount of time was allo
cated in the previous studies. WIth the patient ly
ing supine, ultrasound transmission gel was 
spread on the anterior surface of the tibia. Ultra
sound at an intensity of 2.0 W/cm2 was then ap
plied to the anterior surface of both tibias. The 
transducer was applied both with the power on 
(active) and with the power off (inactive). The 
technician did not inform the patient of the mode 
used, and the patient was unaware of whether the 
transducer was in the active or inactive mode. 
The technician moved the transducer slowly 
from the tibial plateau to the medial condyle, and 
the patient was instructed to report any discom
fort or pain caused by the ultrasound examina
tions. Ultrasonic testing was considered positive 
if the patient reported pain as the wand was 
passed over the tibia. The location of any pain 
was recorded on a work sheet kept by the techni
cian, and the patient then returned to complete 
the bone scintiscan. 

Gamma camera planar imaging was performed 
approximately 3 hours after initial injection of the 

Figure 1. The four grades (I-IV) of stress fractures on 
bone scintiscan according to the criteria of Zwas 

et aI.5 Grade I is a small ill-defined cortical area of 
increased activity. Grade II is a larger, well-defined 
elongated cortical area of moderately increased activ
ity. Grade III is a wide, fusiform, corticomedullary 
area of highly increased activity. Grade IV is an exten
sive transcortical area of intensely increased activity. 

radionuclide. The first image was a 500,000-
count anterior planar view of the knees. The rest 
of the images included views of the anterior tib
iae, medial tibiae, anterior feet, and ankles. The 
presence, absence, and degree of stress fractures 
observed on the scintiscan was interpreted ac
cording to the criteria established by Zwas et aI,S 
which consists of a grading system from I to IV 
based on the bony reaction as demonstrated by 
the scintiscan (Figure 1). 

Both the sonography technician and the nu
clear medicine department were blinded to each 
other's findings. The final results of both studies 
were tabulated by a third, uninvolved party. A 
positive correlation between the bone scintiscan 
and ultrasound testing consisted of pain with ac
tive ultrasound, no pain with inactive ultrasound, 
and any degree of stress fracture in any part of the 
same tibia as found on the bone scintiscan. 

Statistical analysis was as follows: we did a 
power analysis using an alpha error of 0.05, set
ting the acceptable accuracy of ultrasound exami
nation at 85 percent, which we then compared 
with the 50 percent success rate anticipated by 
chance alone. Using these parameters, the power 
was 0.83 as demonstrated by chi-square power 
analysis. We analyzed data using a binomial prob
ability distribution and chi-square analysis. 
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Table 1. Demographics of Study Group. 

Stan(brd 
( :haracteristic ,\1eal1 Deviation Number Percent 

Age (ye;lrs) 14.-+ 4.-+ 

!vlalc ('H H7 

Rank 
1<:1-1<:4 53 ()H 
1<:5-1':7 I () 24 
() 1-( 13 -' 4 
04-(, 1 1 

Civilian 1 

Duration of 
symptoms 
< ,) months 3(, 47 
3 to (, months 1(, 21 
(, to () months H 10 
> () months 17 22 

Nature of injury 
Running or 47 (,0 

other exercise 
Road m<1 rch 20 2(, 
Local trauma 4 5 
Unknown 7 9 

Results 
A total of 78 patients participated in the study 
(demographics are displayed in Tllble 1). The 
overwhelming majority of patients reported in
jury as a result of running or road marching, and 
two thirds had symptoms for less than 6 months 
before the bone scintiscan. A total of 35 stress 
fractures were found by bone scintiscan, whereas 
only 15 were detected by ultrasound examination, 
resulting in a sensitivity of 43 percent. Ultra
sound examination had 22 false positives for a 
specificity of 49 percent. There were also 20 false 
negatives by ultrasound examination. These find
ings resulted in a positive predictive value of 41 

Table 2. Comparing Ultrasound Examination with 

Bone Scintiscan Results. 

Bone Scan Result 

Ultrasound Result Positive 

Active wand 
Positive 15 
:\'egative 20 

Inactive wand 
Positive (, 

J\:egative 2() 

. liltal 35 

Scnsitivity of activc wand = 15/35 = 43%. 
Specificity of active wand = 21/·+3 = .j.')%. 

Negative 

22 
21 

14 
29 

4) 

Positive predictivc value of active wand = IS/J7 = 41 %. 
\!cgati\'c predictive value of;lctive wand = 21/41 = 51%, 
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. /()ta] 

37 
41 

20 
5H 

7H 

percent and a negative predictive value of 51 per
cent (Elble 2). 

Because one study-f suggested that the useful
ness of ultrasound in diagnosing stress fractures 
decreases with time since the onset of symptoms, 
we analyzed the 36 studies of patients who had 
symptoms for less than 3 months. In this group 
the sensitivity of ultrasound examination was 44 
percent, the specificity was 50 percent, the posi
tive predictive value was 41 percent, and the neg
ative predictive value was 52 percent. 

The data were analyzed by a binomial proba
bility distribution and chi-square analysis using 
35 of 78, or 44.87 percent, as the prevalence of 
the study population who had stress fractures 
found by bone scintiscan. Similarly, 43 of 78, or 
55.13 percent, were found to have no stress frac
tures. The ultrasound method detected 15 of the 
35 fractures and 21 of the 43 negative findings 
successfully. Both observations were significantly 
lower than the true occurrence rates at P < 0.001. 

Another way to evaluate the data is to deter
mine whether the ability of ultrasound examina
tion to predict successfully the true occurrence of 
stress fractures is different from what would be 
expected by chance alone. Ofthe 35 positive re
sults, 17.5 should have been correctly diagnosed 
by chance. Ofthe 43 negative results, 21.5 should 
have been correctly diagnosed by chance. Chi
square analysis failed to find a significant differ
ence between the 15 stress fractures diagnosed by 
ultrasound examination and the 17.5 expected by 
chance. Similarly, there was no difference be
tween the 21 correctly predicted negative studies 
by ultrasound examination and the 21.5 expected 
by chance. 

Discussion 
The strengths of this study included an adequate 
population sample that was fairly representative 
of a typical military population. The double-blind 
nature of the study, the use of both active and in
active ultrasound, the timing of the bone scinti
scan and the ultrasound examination, and the use 
of the criterion standard when evaluating the ac
curacy of ultrasound results also contributed to a 
strong study design . 

The limitations included no personal clinical 
evaluation of the participants before the radio
logic studies by the authors and, therefore, no 
personal impression of whether the patient had a 
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stress fracture. All participants were, however, re
ferred by clinicians. In addition, no attempt was 
made to look for potential stress fractures in loca
tions other than the tibiae. Finally, the sonogra
phy technician was not blinded to the mode used, 
although this bias was minimized because he was 
not allowed to talk to the patient about the activ
ity of the wand. 

We did not find the correlation between pain 
reported on ultrasound examinations and the 
presence of stress fractures previously reported. 
Reasons for this disagreement could be that one 
study comparison was between ultrasound exami
nation and plain films.! Another study used both 
plain films as well as bone scintiscan as the refer
ence standard.4 In all studies where ultrasound 
examination was compared with bone scintiscan, 
the criteria used to establish a diagnosis of stress 
fracture on bone scintiscan were not specified and 
might have varied from study to study. 

Based on our findings, we conclude that ultra
sound is not reliable for detecting tibial stress 
fractures. Thus, for the practicing physician, the 

potential "magic wand" to aid in diagnosis ap
pears to be consistent with other magic wands
just another fairy tale. Bone scintiscan remains 
the diagnostic test of choice. 

John Claybaugh, PhD, provided assistance with statistical 
analysis, and SGT Albert Crews performed the ultrasound exam
inations. 
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