
In the last decade there has been increasing enthusi
asm for the treatment of nonunited fractures with per
cutaneous low-grade, direct-current stimulation. This
treatment has been effective in 60â€”80%of patients with
these fractures (1,2). In view of the natural course of the
condition, this is a significant achievement. These pa
tients have generally been treated with a variety of sur
gical and nonsurgical manipulations, without any cvi
dence of success.

The rationale for low-dose@dc stimulation in nonunit
ed fractures is based on several previous investigations
(1, 3, 4). It has been demonstrated that a mechanically
stressed bone generates an electric potentialâ€”probably
piezoelectric. It has been shown that a normal bone has
areas of electric positivity and negativity that are de
pendent on cellular activity and viability. Areas of ac
tivity are electronegative. Either a direct current or a
pulsed electromagnetic field can induce osteogenesis at
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the cathode. Current hypothesis and available experi
mental work suggest that the probable mechanism of
osteogenesis is the changing cellular microenvironment
at the fracture site (1,3,5).

Percutaneous dc stimulation is thought to fail because
of the formation of pseudoarthrosis, interposed muscle
or other soft tissues at the fracture site, superimposed
infection, or impaired blood supply, etc. In appropriate
cases, these patients who fail to respond to percutaneous
stimulation may be treated successfully after surgical
debridement at the fracture site and subsequent dcc
trical stimulation. It is clear that recognition of a corn
plicated nonunited fracture before electric stimulation
is of utmost importance in the proper treatment of these
patients.

In this report we describe our preliminary data using
bone scintigraphy as a means of selecting these two
groups for the most appropriate approach.

METHODS AND MATERIALS

Seventy-seven patients are included in this study.
Cases selected for review include all patients who corn
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pleted percutaneous electrical stimulation. Those with
pathologic fractures and congenital pseudoarthrosis are
excluded.

The diagnosis of nonunited fracture was based on
clinical and radiographic findings. The radiographic
diagnosis of nonunion stems from lack of healing on
several radiographs. Clinically, motion at the fracture
site was demonstrated in all patients except those with
internal fixation devices. The duration of nonunion
ranged from 5 mo to I 2 yr.

All patients had gamma-camera images confined to
the site of fracture. Twenty millicuries of Tc-99m
methylene diphosphonate were injected intravenously
and scintigrams were obtained at â€˜-.â€˜2.5â€”3hr after in
jection. All images were obtained using a scintillation
camera with a low-energy, all-purpose collimator and
250,000countsperview.Atleastthreetofourdifferent
projections were obtained to visualize the fracture.

All patients underwent percutaneous implantation of
the cathodes at the fracture site. The cathodes used were
Teflon-coated steel wires with I cm exposed tip. Usually,
four cathodes were implanted. A disposable 6-cm
steel-mesh rectangular plate was used as the anode and
was frequently changed. Twenty milliampere of con
tinuous dc was administered at 7.5 V. The cathodes were
left in place for approximately I 2 wk.

The extremity was immobilized for 12â€”24wk, de
pending on the particular bone involved. The usual
hospital stay was about 3 days.

RESULTS

Two distinct patterns of uptake were noted at the
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FIG. 1. Intenseaccumulation of radiotracer at nonunitedfracture FIG. 3. Slight increase in radiotracer uptake at site of fracture
site in tibia (arrow). Slight increase in activity in adjacent fibula (arrow). No well-defined area of decreased activity is seen in
represents healed fibular fracture. proximal tibia.
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FIG.2. Curvilinearareaof decreasedactivity at the site of fracture
in humerus, representing true pseudoarthrosis (arrow).

fracture site. The first (Group 1) demonstrated intense
uniform concentration of the activity at the fracture site
in all projections (Fig. I). The second (Group 2) showed
a definite linear or curvilinear area of decreased activity
surrounded by significant uptake on both sides (Fig. 2).
Several projections were necessary because the line of
photon deficiency may be identified in only one projec
tion, particularly if the fracture line was oblique. Scm
tigrarns that did not fit into either of the two groups were
called indeterminate (Group 3). These included images
with minimal increase in radioconcentration compared
with the adjacent bone, and those in which one could not
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No.of%Group
Patients HealedFailed Success
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be certain whether a photopenic area was present (Fig.
3).

Sixty-four of the 77 patients showed healing after
electrical stimulation for a 12-wk period. In the suc
cessful cases, radiographs showed narrowing of the dis
tance and indistinctness of fracture margins secondary
to osteoclastic resorption due to early healing. Thirteen
patients failed to heal the fracture at the end of treat
ment; there was no radiographic evidence of progress.
Scintigrams of 62 patients showed the Group 1 pattern.
Fifty-nine of these were successfully treated with closed
electric-current stimulation. There were five patients
whose scans showed the Group 2 pattern, and in these
the success rate was zero. Ten patients were classed as
indeterminate. Only five patients in this group were
successfully treated (Table 1).

In 13 patients whose fractures did not unite following
percutaneous electrical stimulation, open surgical pro
cedures were subsequently performed. Seven patients
had true pseudoarthrosis, with a synovium-lined cavity
and synovial fluid in the false joint. Three patients had
low-grade staphylococcal infections. One had muscle
interposed between the fracture fragments. One patient
was lost to follow-up. The cause of failure in the re
maining patient was not certain.

DISCUSSION

With the introduction of percutaneous electrical
stimulation as a simple means of healing nonunited
fractures, it is imperative to select those patients who are
best suited for this approach.

TABLEI. RELATIONSHIPBETWEENSCAN
PAITERN AND SUCCESSOF TREATMENTOF

NONUNIONWITh ELECTRICSTIMULATION

2
3

Total

62 59 3 95%
5 0 5 0%

10 5 5 50%
77 64 13 83%

Bone scintigraphy has been used in the evaluation of
nonunited fractures treated with bone grafting both in
laboratory animals and human beings (6, 7). While in
creased radioactivity at the graft site suggested that the
fracture will heal, lack of increased activity indicated
poor response to grafting. The dynamics of fracture
healing have been studied in experimentally induced
fractures of rabbit tibias (8). This investigation showed
that in normal or delayed healing there was intense ac
tivity at the fracture site. In nonunion, however, the
fracture pattern was not consistent. Some of the scinti
grams demonstrated increased activity at the fracture
site while others did not. Some had a photopenic defect
at the fracture site. Our experience with human non
united fractures appears to agree well with this rabbit
study.

Attempts have been made to separate delayed healing
from nonunion based on the scintigraphic findings (9,
10). In our study, approximately 80%of patients with
nonunion showed intense tracer concentration at the

C

FIG.4. (A)AnotherpatientwithGroup2 patternhastruepseudoarthrosisatfracturesite(arrow).(B)Correspondingradiographshowing
cathodes at fracture site, anode, and battery pack. (C) Scintigraphic appearance after surgical treatment for true pseudoarthrosisand
retreatment with dc stimulatioh. Curvilinear area of decreasedactivity is not seen (arrow).
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fracture site, as does a fracture undergoing normal or
delayed union. Therefore, differentiation of a normal or
delayed union from nonunited fracture may not be pos
sible by scintigram alone. Clinical findings along with
roentgenograms are usually adequate to distinguish
delayed healing from nonhealing. On the other hand,
scintigraphy appears to be of great value in the diagnosis
of complicated nonunited fractures. In these patients,
clinical examination and roentgenographic findings of
fered no help in this regard (2).

Since patients with complicated nonunited fractures
fail to respond to percutaneous electric stimulation,
scintigraphy appears to be of considerable help in
screening these patients before treatment with this mo
dality. It is a sensitive indicator of osseous metabolic
activity and hence is of considerable value in predicting
the response of a nonunited fracture to electrical stim
ulation. It appears that in patients with diffuse increase
in activity at the fracture site (Group 1), there is a
physiological attempt to heal the fracture despite the
long-standing nonunion. The activity at the fracture site
is thought to represent callus that has not ossified. This
is obviously an important phase in fracture healing. In
these patients, percutaneous stimulation results in
complete healing of the fracture with a probability of
95%. Increased activity at the bone end, with decreased
activity at the fracture site (Group 2), or findings of an
overall diminished uptake (Group 3), probably reflects
failure of the healing process to bridge the gap between
the fracture fragments. This may be secondary to the
formation of a true pseudoarthrosis with synovial lined
cavity and synovial fluid, interposition of soft tissues,
presence of infection, or impairment of blood supply. In
this group, percutaneous electrical stimulation is of no
value and should be avoided if the diagnosis can be made
in advance. In these complicated nonunited fractures,
the response to electrical stimulation is significantly

improved when the cause of nonunion is eliminated by
surgical or other means (Fig. 4).

In conclusion, bone scanning appears to provide a good
screening test to separate patients who will respond
favorably to percutaneous electrical stimulation from
those who are poor candidates for this simple approach.
The latter group generally will require surgical inter
vention.

REFERENCES

1. BRIGHTON CT, FRIEDENBERG ZB, ZEMSKY LM, et al:
Direct-current stimulation of non-union and congenital
pseudarthrosis. Exploration of its clinical application. J Bone
JointSurg57A (3):368â€”377,1975

2. FORSTED DL, DALINKA MK, MITCHEL El, Ct al: Radio
logic evaluation of the treatment of nonunion of fractures by
electric stimulation. Radiology 128: 629-634, 1978

3. FRIEDENBERGZB, BRIGHTON CT: Bioelectric potentials
inbone.J BoneJointSurg48:915-923,1966

4. YASUDA I: Fundamental aspectsof fracture treatment. C/in
Orthop124:5â€”8,1977

5. LAvINE LS, LUSTRINI, SHAMOSMH, et al: Electrical
enhancement of bone healing. Science 175: 1118â€”1121,
1972

6. STEVENSONiS, BRIGHT RW, DUNSON GL, Ctal: Tc@m
phosphate bone imaging: methods for assessing bone graft
healing. A preliminary report. Radiology I 10: 39 1-394,
1974

7. GARCIAJ,VEGAA, LEISOREKA,etal:Theearlydetection
of free bone graft viability with @mTc:A preliminary report.
BrJ PlastSurg29:344-346,1976

8. GUMERMANLW, FOGELSR. GOODMANMA, etal:Ex
perimental fracture healing: evaluation using radionuclide
bone imaging: Concise communication. J Nucl Med 19:
1320â€”1323,1978

9. MUHEIM G: Assessmentof fracture healing in man by serial
87â€•strontium-scintimetry. Acta Ortho Scand 44: 62 1â€”627,
1973

10. SCHIESSFA, SHIELDS RA, CRITCHLEY M, et al: Radio
nuclide investigation of bone metabolism in fractures of the
tibia.BrJ Radiol48:73,1975(abst)

934 THE JOURNAL OF NUCLEAR MEDICINE

NUCLEARMEDICINEREVIEWSYLLABUS
PeterT. KIrchner,M.D.,Editor

The 619 page NUCLEAR MEDICINE REVIEW SYLLABUS offers adetailed overview of 12 majortopic areas in nuclear
medicine. Within each chapter there is a clear, timely review of the subject and a substantial bibliography locating ad
ditional information. A 32 page index makes all of the volume's data instantly accessible.

The NUCLEAR MEDICINE REVIEWSYLLABUS has chapterson: Radiopharmacology, Instrumentation, Radiation Ef
fects and Radiation Protection , Cardiovascular, Central Nervous System, Endocrinology, Gastroenterology, Genito
Urinary System, Hematology-Oncology, Pulmonary, Radioassay, Skeletal System.

Copies are available now at $30.00 each (plus $2.50 per copy for postage and handling). All orders must be prepaid or
accompanied by a purchase order. Checks must be in U.S.fundsonly,pIease. Orderfrom: Book Order Dept., Society
Nuclear Medicine, 475 Park Avenue South, New York, NY 10016.




