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Assessment of the Clinical Significance of
Asymptomatic Lower Extremity Uptake
Abnormality in Young Athletes
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This study was undertaken to evaluate our hypothesis that most
asymptomatic lower extremity uptake abnormalities are of no
clinical consequence and to assess whether these findings
should affect patient care. Methods: One hundred consecutive
young athletes referred for bone scintigraphy by a sports med-
icine clinic because of low back pain were evaluated for the
presence of asymptomatic bone scan abnormalities in the lower
extremities. The patients were then reexamined by the referring
sports medicine physician, who had full knowledge of the bone
scan results. Scintigraphic findings were correlated with the
clinical evaluation at the time of scintigraphy and on follow-up
evaluations ranging from 8 to 14 mo later. Results: Asymptom-
atic lower extremity abnormalities were present in 34% of pa-
tients. There were abnormalities of the feet in 30 patients (focal
uptake in 26 patients, diffuse uptake in 10 patients), the tibia in
13 patients (2 focal uptake, 11 diffuse uptake), and the femur in
2 patients (both with diffuse uptake). None of the regions of
abnormal lower extremity uptake was symptomatic at the time
of initial evaluation. There was no change in the clinical man-
agement of any patient because of the scan findings. None of
the patients was advised to restrict the activity level because of
the asymptomatic scan findings. None of the regions of scan
abnormality became symptomatic on follow-up evaluation.
Conclusion: This study shows that asymptomatic bone scinti-
graphic abnormalities of the feet, as well as diffuse abnormali-
ties of the tibia, are common in young athletes. These findings
are most likely of no clinical consequence and do not require a
change in the activity level. Focal abnormalities of the femur or
tibia are not commonly seen in asymptomatic young athletes.
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tion of abnormal uptake at a symptomatic site in an athlete
is useful to identify patients with significant stress-related
injuries that require intervention to prevent more serious
injury. Treatment usually consists of a restriction in the
activity level, but occasionally immobilization with a cast is
necessary. Normal skeletal scintigraphy is used to exclude
stress fracture (2). Its sensitivity for this diagnosis ap-
proaches 100%, and skeletal scintigraphic findings have
been falsely negative in only rare published repotis (

During the evaluation of a symptomatic region, asymp-
tomatic sites of increased uptake may be identified in 40%
or more of athletes referred for skeletal scintigrap®y3J.
There is no universal agreement about the significance of
these asymptomatic abnormalities. Some authors have at-
tributed incidental uptake to functional adaptive bone re-
modeling that can be disregarded for clinical purpoges)(
Others believe that even asymptomatic uptake should be
considered early evidence of a possible impending fracture
(1,6). Some have suggested that all otherwise unexplained
lower extremity uptake abnormalities in physically active
individuals represent stress fracturés3]. Other authors
believe that asymptomatic uptake abnormalities are indica-
tive of bone strain (7) and do not necessarily warrant treat-
ment (8).

The purpose of this study is to assess the clinical signif-
icance of asymptomatic lower extremity uptake abnormal-
ities in young athletes.

MATERIALS AND METHODS

The patient population consisted of 100 patients (65 females, 35
males; age range, 10-33 y; mean age, 17.5 y), who were referred
consecutively for skeletal scintigraphy after being evaluated for

S<eletal scintigraphy is generally recognized as the gojgly pack pain at a sports medicine clinic. Patients were involved
standard in the evaluation of suspected stress injuries Rz variety of recreational or competitive athletic activities at
cause of its high sensitivity for stress fracture detection a@fering levels. None of the patients had a known underlying
its ability to show abnormalities in bone metabolism welliisease.

before they are manifested radiographically. Demonstra-
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Skeletal scintigraphy was performed 3-4 h after the adminis-
tration of °*"Tc-methylene diphosphonate (7.4 MBg/kg, to a max-
imum of 740 MBq) using a large field-of-view gamma camera
equipped with a high-resolution collimator. Standard imaging in-
cluded anterior planar spot images of the spine, pelvis, and lower
extremities, lateral images of the feet and ankles, and SPECT
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FIGURE 1. (A) Anterior image of feet
shows focal area of increased uptake in left
foot graded as moderate uptake. (B) Ante-
rior image of feet shows diffuse increased
uptake bilaterally in midfeet graded as mild
uptake.

images _of thenlumbosac_ral spine_. Additio_ngl images were obtainaftake (Fig. 2) in 11 patients (8 bilateral) and unilateral
at the discretion of the interpreting physician. _ focal sites of increased uptake in 2 patients. The diffuse

Sites of abnormally increased uptake in the lower extremitiggig| uptake abnormalities were graded as mild in 9 patients
were noted. The pattern of abnormal uptake was characterized,a3y moderate in 2 patients. One focal tibial abnormality

focal or diffuse and was graded as mild or moderate by consensiS ived the posterior diaphysis and was graded as mild
of two nuclear medicine specialists (Fig. 1). The referring physj-

Qﬁig. 3). The other involved the anterior cortex and was

cian, a sports medicine specialist, reevaluated the patient w . .-
knowledge of these results after skeletal scintigraphy had begﬁided as moderate (Fig. 4). The only other abnormalities

completed. Follow-up of all patients was in the sports medicif@countered were diffusely increased femoral diaphyseal
clinic because of their presenting back pain. The duration &fotake of a mild degree in 2 patients.

follow-up ranged from 8 to 14 mo. On follow-up evaluation, the Clinical examination directed at assessing the asymptom-
presence or absence of symptoms in the lower extremities watsc uptake abnormalities did not yield any previously un-

noted. reported clinical complaints or reveal any physical findings
to correlate with the scintigraphic abnormalities. There was
RESULTS only one case in which the scan findings prompted further

Asymptomatic sites of increased tracer uptake were ider@.diologic. evaluation. This patient had a foc_:al _anteri_or tibia}I
tified in the lower extremities of 34 patients (34%). Morébnormality that was graded moderate in intensity. His
than one abnormality was present in 21 of these patienf@diographs showed cortical thickening in the region of the
Thirteen patients had bilateral lower extremity findingsScintigraphic abnormality. In the absence of clinical com-
Uptake abnormalities in the feet were most common amdgints or physical findings on direct examination, this find-
were present in 30 patients, 26 of whom had focal abndhg was attributed to an unsuspected but healed stress frac-
malities (5 bilateral) and 10 of whom had diffuse abnormal4re. o _
ities (7 bilateral). Six patients had focal and diffuse abnor- Clinical management was not affected by scintigraphic
malities. Table 1 and Table 2 summarize the anatorfi@dings in any patient. Symptoms did not develop at any
localization and grade of uptake abnormalities in the feefite of asymptomatic uptake abnormalities during follow-up

Asymptomatic tibial uptake abnormalities were found if@nging from 8 to 14 mo.

13 patients. These consisted of diffuse diaphyseal increasedmong the 34 patients with asymptomatic uptake abnor-
malities, 11 patients, including the patient with the anterior

tibial uptake abnormality, had scintigraphic evidence of

TABLE 1 pars interarticularis stress. In the other 23 patients with
Localization and Grade of Focal Tracer Uptake in Feet

Location n Mild Moderate
TABLE 2

Talus 10 1 9 Localization and Grade of Diffuse Tracer Uptake in Feet
Calcaneous 1 — 1
Navicular 2 - 2 Location n Mild Moderate
Cuboid — — —
Cuneiforms 1 — 1 Hindfoot 3 2 1
Metatarsals 7 1 6 Midfoot 4 4 —
Phalanges 3 2 1 Forefoot 2 2 —
Sesamoids 2 1 1 Entire foot 1 1 —
Total 26 5 21 Total 10 9 1
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FIGURE 4. (A) Anterior views of tibias show focal increased

uptake in mid tibia graded as moderate uptake. (B) Lateral views
show focal uptake in anterior cortex of tibia.

skeleton triggers a coordinated response that involves bone
resorption, mediated by osteoclasts, and bone repair and
FIGURE 2. Anterior view of tibias shows bilateral mild diffuse hypertrophy, mediated by osteoblasts5(7,9). Therefore
increased uptake. g’ o . T '
asymptomatic scintigraphic abnormalities can be regarded
as reflecting a spectrum of adaptive changes that occur in

lower extremity abnormalities, planar imaging and SPEC0Ne subjected to stress (4,5,7,9,10).

of the spine revealed normal findings. Bone most often adapts to stress with proper internal
remodeling, and a complete fracture does not develop.
DISCUSSION Stress-induced remodeling strengthens bone architecture to

optimally withstand a particular stress. However, when an

IMbalance in favor of osteoclastic resorption exists, weak-
ning of the bone predisposes to complete fractw®).(
cintigraphic uptake mirrors the new bone formation that is

rt of this remodeling process but provides little informa-

t"f@ﬁ about the degree of bone resorption.

The most important clinical information that might be

rovided by the bone scan would be to predict whether a

Sress injury has overwhelmed the reparative mechanism,
Us suggesting that progression to a complete fracture is

The frequency of asymptomatic lower extremity uptak
abnormalities (34%) in the 34 patients is similar to th
described in other report,3). No patient became symp-
tomatic in the region of scintigraphic abnormality. Clinica
management was not altered by the presence of these
normalities.

The absence of morbidity associated with the clinicg]
decision to disregard asymptomatic lower extremity upta
abnormalities supports the premise that they represent fu

tional adaptive bone remodeling. This remodeling resul‘IQ’ier. The literature provides little guidance on this point.

from the repetitive submaximal musculoskeletal Ioadm@ur results suggest that such progression is not likely, even

that_ 'S requm?d o .bl.md and susta_un strengt.h and enduran&]ethe absence of clinical intervention directed at reducing
During athletic training, altered biomechanical stress on t

the repetitive stress.

The results of this study may not be applicable to all
clinical settings. In this series, most asymptomatic scinti-
graphic findings in the tibia consisted of diffuse uptake.
Most focal abnormalities were located in the feet. Only two
focal tibial abnormalities and no asymptomatic focal fem-
oral abnormalities were found. It may not be possible to
extrapolate our results to focal abnormalities in the tibia or
femur. No focal abnormalities suggestive of femoral stress
fractures were found in this series. It should be emphasized
that femoral neck stress fractures, which can be quite insid-

’ ious in their presentation, are an injury with significant
_ PR potential morbidity (12,13). Even asymptomatic focal fem-
‘ﬂe’ A & & oral neck uptake abnormalities may require aggressive man-

FIGURE 3. (A) Anterior views of tibias show focal increased ggement. Another abnorma"ty that may_ neefd_more attention
uptake in mid tibia graded as mild uptake. (B) Lateral views IS moderate asymptomatic focal anterior tibial uptake be-
show focal uptake in posterior cortex of tibia. cause anterior tibial stress fractures are prone to nonunion
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and avascular necrosis and are at higher risk of becomiggestioning and examination to confirm that the athletes are
displaced than are posterior tibial stress fractuliegs1(5). truly asymptomatic.

In addition, there is evidence that the intensity of a focal
scan abnormality may be an important determinant of I GONCLUSION

significance. Zwas et al2] showed that, in the tibia, intense ggne scintigraphy in young athletes commonly shows
focal uptake with a well-defined elongated or fusiformysymptomatic regions of increased uptake in the lower
appearance was more likely to become radiographicaixtremities. The common patterns of abnormality consist of
evident than was less intense uptake. Thus, the lack diffuse tibial uptake and focal and diffuse uptake in the feet.
clinical significance of minor uptake abnormalities may nofhese asymptomatic regions of uptake did not progress to
be predictive of the significance of more intense uptakeymptomatic findings in any patient and, therefore, are
Intense uptake of the magnitude seen in an actual fractunglikely to be clinically significant.

was not found in any patient in our study. Most tibial

abnormalities in our series were diffuse rather than foc8EFERENCES

This diffuse pattern of uptake was similar to that seen. anderson Mw, Greenspan A. Stress fractuRadiology.1996;199:1-12.

frequenﬂy in symptomatic individuals and that has beeg- Zwas ST, Elkanovitch R, Frank G. Interpretation and classification of bone

. . e . scintigraphic findings in stress fracturésNucl Med. 1987;28:452—-457.
attributed to perIOStItIS incited by the soleus or pOStenOE. Rosen PR, Micheli LJ, Treves ST. Early scintigraphic diagnosis of bone stress
tibialis muscles (or both) and labeled as the medial tibial and fractures in athletic adolescerfediatrics.1982;70:11~15.

_ 4. Lanyon LE. Functional strain in bone tissue as an objective, and controlling
stress or soleus syndrome (16 ,18)' stimulus for adaptive bone remodelinyBiomech. 1987;20:1083-1093.
It was not p055|b|e to determine from our data Why feV\é. Lanyon LE. Functional strain as a determinant for bone remodelialgif Tissue

cases of high-grade uptake or focal tibial or femoral abnor- Int. 1984;35:56-61.

e . . . . Groshar D, Lam M, Even-Sapir E, Israel O, Front D. Stress fractures and bone
malities were found. It is possible that intense focal abnor? pain: are they closely associatelifury. 1985.16:526528.

malities are more likely to be symptomatic than are les$. matheson GO, Clement DB, McKenzie DC, Taunton JE, Lloyd-Smith DR,
intense ﬁndings_ Macintyre JG. Scintigraphic uptake &fTc at nonpainful sites in athletes with

. L . . . stress fractures: the concept of bone str&iports Med1987;4:65-75.
] A_second pqt?ntlal I|m|t§1t|0n of this StUd_y is that mOd_I'B. Busch MT. Sports medicine. In: Morrisy RT, Weinstein SL, eldsvell and
fications of activity necessitated by the patient’s presenting winter's Pediatric Orthopedics. 4th ed. Philadelphia, PA: Lippincott-Raven;

back pain could have lessened the likelihood that the lower 1996:1181-1228. o
. Maffuli N, King JB. Effects of physical activity on some components of the

extremity scintigraphic abnormalities might progress and syeletal systemSports Med. 1992;13:393-407.

become symptomatic_ Of the 34 patients with lower extreme. Carter DR. Mechanical loading histories and cortical bone remodelialyif

. .. 0 . " Tissue Int. 1984;36:19-24.
ity abnormalities, 23 (67 /0) did not have abnormalities Olfl. Li GP, Zhang SD, Chen G, Chen H, Wang AM. Radiographic and histologic

the spine, suggesting that valid conclusions can be drawnanalyses of stress fracture in rabbit tibias. Am J Sports Med. 1985;13:285-294.
from the data. 12. Kaltsas DS. Stress fractures of the femoral neck in young aduBsne Joint

D ite th tential limitati It tSurg B. 1981,63:33-37.
espite ese potental imitations, our results Squ%. Fullerton LR Jr, Snowdy HA. Femoral neck stress fractubes J Sports Med.

that asymptomatic focal or diffuse uptake in the feet and 1988;16:365-377.

diffuse uptake in the tibia do not require a modification iﬁA' Hershman EB, Mailly T. Stress fractur&lin Sports Med. 1990;1:183-214.
15. Rettig AC, Shelbourne KD, McCarroll JR, et al. The natural history and treatment

aCtiVity ora Change in clinical management- This is not to of delayed union stress fractures of the anterior cortex of the #iaJ Sports
suggest, however, that these findings should be ignored.Med.1988;16:250-255.
. : : 168, Mubarak SJ, Gould RN, Lee YF, et al. The medial tibial stress syndramel

Becau_se_ symptoms_ gnd clinical signs are cor_1§|de_red ﬁ’]Sports Med. 1082:10:201-205.
establishing the significance of uptake abnormalities in atiw Hoider LE, Michael RH. The specific scintigraphic pattern of “shin splints in the
letes (8,19) and because dedicated athletes are often motilower leg.”J Nucl Med. 1984;25:865-869.

ted d d to di d . ted 18. Michael RH, Holder LE. The soleus syndrome: a cause of medial tibial stress
vated ana encouraged to disregard pain, unsuspecte SCII’I(-Shin splints)Am J Sports Med. 1985:13:87—94.

tigraphic findings should be correlated with direct clinicads. Belkin SC. Stress fractures in athlet®sthop Clin North Am1980;11:735-741.

212 THE JourNAL oF NucLEAR MEDICINE ¢ Vol. 42 « No. 2 « February 2001


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

The Journal of

NUCLEAR MEDICINE

Assessment of the Clinical Significance of Asymptomatic Lower Extremity Uptake
Abnormality in Young Athletes

Laura A. Drubach, Leonard P. Connolly, Pierre A. D'Hemecourt and S. Ted Treves

J Nucl Med. 2001;42:209-212.

This article and updated information are available at:
http://ilnm.snmjournals.org/content/42/2/209

Information about reproducing figures, tables, or other portions of this article can be found online at:
http://ilnm.snmjournals.org/site/misc/permission.xhtml

Information about subscriptions to JNM can be found at:
http://ilnm.snmjournals.org/site/subscriptions/online.xhtml

The Journal of Nuclear Medicineis published monthly.
SNMMI | Society of Nuclear Medicine and Molecular Imaging
1850 Samuel Morse Drive, Reston, VA 20190.

(Print ISSN: 0161-5505, Online ISSN: 2159-662X)

SOCIETY OF

NUCLEAR MEDICINE
© Copyright 2001 SNMMI; al rights reserved. Il AND MOLECULAR IMAGING


http://jnm.snmjournals.org/content/42/2/209
http://jnm.snmjournals.org/site/misc/permission.xhtml
http://jnm.snmjournals.org/site/subscriptions/online.xhtml
http://jnm.snmjournals.org/

