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OBJECTIVE. The objective of this article is to identify the role of gadolinium-enhanced
MR imaging in the preoperative evaluation of the vascular status of the proximal fragment in
scaphoid honunions.

SUBJECTS AND METHODS. Thirty consecutive patients (27 men and three women;
age range, 19-52 years; mean age, 28 years) with nonunion of the scaphoid were prospec-
tively examined with unenhanced and gadolinium-enhanced MR imaging. MR images and
surgical findings were classified in four groups according to the vascular status of the proxi-
mal fragment (normal bone, moderate ischemic bone, severe ischemic bone, and avascular
necrosis). Sensitivity, specificity, and accuracy of unenhanced and gadolinium-enhanced MR
studies were calculated. Surgical findings were used as the gold standard. The postoperative
rate of union at 12 months was evaluated for each group.

RESULTS. Unenhanced MR imaging showed a globa sensitivity of 36%, specificity of
78%, and accuracy of 68% in the preoperative eval uation of the vascular status of the proximal
fragment. Correlation with the surgical findings was not statistically significant (p < 0.149).
Global senditivity, specificity, and accuracy of gadolinium-enhanced MR imaging were 66%,
88%, and 83%, respectively. Correlation with the surgical findings was good (p < 0.0001). Ga-
dolinium-enhanced sequences allowed accurate diagnosis and enabled the creation of prognos-
tic groups having better correlation with surgical findings and postoperative results.

CONCLUSION. Gadolinium-enhanced MR imaging is the most reliable imaging

method for investigating the vascularity of the proximal pole in scaphoid nonunions.

T he scaphoid is the most com-
monly fractured bone of the car-
pus and, considering al injuries

to the wrigt, is second only to the distal radius

[1, 2]. Scaphoid fracture commonly results

from afall on adorsiflexed hand in young ac-

tiveindividuals[3, 4]. Wrist disability isarel-
aively common problem after scaphoid
fractures because of the frequency with
which they fail to heal and become non-
unions [5]. The reasons for nonunion are
multifactorial and includefailure to recognize
the origina injury, inadequate initial treat-
ment, and anatomic and physiologic factors
beyond the control of the physician [6]. The
decision of the method of treatment is based
on the anatomic location of the nonunion, the
presence or absence of instability or defor-
mity, and the vascular status of the proximal
fragment [7]. The presence of avascular ne-
crosis of the proxima fragment has been
shown to be acritical issue in the outcome &f-

ter operative management of nonunions|[5, 6,
8]. Unfortunately, avascular necrosis has been
difficult to diagnose accurately. Sclerotic
changes of the proximal fragment on conven-
tional radiographs and CT scans have been
used to diagnose avascular necrosis, however,
different groups of investigators have shown
alack of correlation of proximal pole radio-
graphic sclerosis and avascular necrosis[6, 8,
9]. Bone scintigraphy is sensitive and can re-
vea early avascular necrosis, but this tech-
nique has a low specificity because areas of
minor damage or synovitis may give a posi-
tive result; furthermore, the spatial resolution
of bone scintigramsislow [10].

MR imaging has been reported to be a
useful tool to assess accurately the viability
of the proximal pole in scaphoid nonunions
[6, 9, 11-14]. However, other groups of in-
vestigators believe that the clinical signifi-
cance of MR imaging is questionable and
defend surgical inspection, with visuaiza-
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tion of the bleeding points being the most ac-
curate method to determine the vascul arity of
the proximal fragment [10, 15-17].

The role of MR imaging with gadolinium
to evaluate the vascular status in scaphoid
nonunions has not, to our knowledge, been
clearly established. The purpose of this study
is to identify the usefulness of gadolinium-
enhanced MR imaging in the assessment of
the vascularity of the proximal fragment be-
fore surgery in scaphoid nonunions.

Subjects and Methods

Thirty consecutive patients with scaphoid non-
unions were examined prospectively between
March 1996 and January 1998. Twenty-seven pa-
tients were men and three were women, ranging in
age from 19 to 52 years with an average age of 28
years. Fracture nonunions were defined as frac-
tures with no radiographic evidence of healing at
least 6 months from the time of the injury. The
fracture site was in the proximal third (n = 9) and
the waist (n = 21). The right hand was involved in
16 patients and the left hand in 14; the dominant
hand was involved in 21 patients.

MR examinaionswere performed onaSigna1.5-T
scanner (General Electric Medicd Systems, Milwau-
kee, WI) with paired 3-inch (8-cm) circular coils. Pa
tients underwent scanning in the prone position with
the wrist overheed in the isocenter of the magnet, fin-
gers outstretched, and hand postioned flat against
volar padding with the coils taped to thewrist.

The MR imaging protocol included sagittal, ax-
ia, and coronal T1-weighted spin-echo images with
aTR of 500 msec, a TE of 20 msec, afield of view
of 10-12 cm, amatrix Size of 256 x 224, two excita-
tions, and a dlice thickness of 3 mm with a0.3-mm
interdice gap. The parameters for coronal and axial
fat-suppressed T2-weighted fast spin-echo imaging
were 3000/50 (TR/TE), afield of view of 12-14 cm,
amatrix of 256 x 192, one excitation, and a section
thickness of 3 mm with a 0.5-mm gap. Findly, fat-
suppressed T1-weighted spin-echo images were
obtained (500/20) in the corond and sagittal planes
after IV injection of 0.1 mmol per kilogram of body
weight of gadodiamide (Omniscan; Nycomed, Odo,
Norway) with the same parameters as conventiona
T1-weighted sequences.

Signal intensities of the unenhanced MR images
were analyzed independently on both T1- and T2-
weighted sequences without considering the results
of the enhanced images. Based on a modification of
the grades of progressive ischemia described by Sa-
kumaet a. [9] and of the classification for the stag-
ing of Kienbdck's disease by Imaeda et a. [18],
proximal fragments were graded as high, iso-, or
low signal intensity compared with that of normal
carpa bone marrow. Quditative anaysis was per-
formed on MR images at optimal window width and
level settings; the peripherd images were excluded
from analysis because of partial volume artifact. The
use of identical window width and level settings op-
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timized the accuracy of the subjective assessment of
changesin signd intensity.

The analyses of the data of both T1- and T2-
weighted images were combined and correlated
with the severity of the avascular necrosis.

The preoperative MR images were classified into
one of four disease groups, which are analogous to
the groups used by Green [19] for subjective classifi-
cation during surgery: normal or good, moderate is-
chemia, severe ischemia, and avascular necrosis.

Four groups of disease severity were defined ac-
cording to the signal intensity of the proximal frag-
ment seen on unenhanced T1- and T2-weighted
images. Group 1 included images showing normal
to dight ischemia, with the proximal fragment ap-
pearing isointense compared with the signal inten-
sty of normal carpal bone on T1- and T2-weighted
images. Group 2 included images showing moderate
ischemia, with the proxima fragment showing
dightly low signa intensity on T1-weighted images
and homogenous high signd intensity on T2-
weighted images. Group 3 included images showing
severe ischemia, with the proximal fragment having
variably low signd intensity on T1-weighted and
heterogeneous signd intensity on T2-weighted im-
ages. Group 4 included images showing avascular
necrosis or nonviable proximal fragment, with the
proximal fragment showing low signal intensity on
T1- and homogeneous low signal intensity on T2-
weighted images.

We encountered some difficulties in classifying
the MR imaging findings. Frequently, the signd in-
tensity changesin the proximal pole of the scaphoid
hed a patchy and inhomogenous pattern; moreover,
we did not observe a relationship between the
changes of signal intensity on T1- and T2-weighted
imagesthat would allow usto establish the groups of
progressive ischemia described by Sekumaet d. [9].
A patient in whom isointensity of the proximal frag-
ment was seen on T1-weighted images and marked
low signal intensity was observed on T2-weighted
images was included in the group 4.

The gadolinium-enhanced MR images of the
four groups were classified subjectively, on the ba-
sis of the percentage of enhancement in the proxi-
mal pole of the scaphoid, as determined on a
combination of sagittal and coronal images.

Group 1 images showed normal to dight is-
chemia: marked and homogenous enhancement in
more than 80% of the volume of the proximal
fragment. Group 2 images showed moderate is-
chemia: patchy enhancement involving 50-80% of
the proximal fragment of the scaphoid. Group 3
images showed severe ischemia: patchy enhance-
ment involving 20-50% of the proximal fragment.
Group 4 images showed findings ranging from
bone with avascular necrosis to nonviable bone: an
absence of or less than 20% enhancement.

Surgery was performed in al the patients by an
experienced hand surgeon. At the time of operation
the scaphoid fragments were inspected by the sur-
geon for punctate bleeding and bony consistency.
Based on the criteriaused by Green [19] to establish
four surgical groups, the degree of vascularity was

assessed for each group: group 1 (norma or good),
group 2 (fair), group 3 (poor), and group 4 (none).

Twenty-seven patients underwent autogenous
bone grafting and internal fixation using the Herbert
screw (Zimmer, Warsaw, IN). Sufficient fixation was
achieved at surgery in dl patients. Four of these pa-
tients in whom gadolinium-enhanced MR imaging
showed avascular necrosis (group 4) underwent
bone grafting and interna fixation with the Herbert
screw. These patients were young and had proximal
poles with good bony consistency, athough an ab-
sence of vascularization was observed at the time of
surgery. The three remaining patients with avascular
necrosis of the proxima fragment underwent sal-
vage procedures with scaphoid excision, which al-
lowed higtologic analysis of the entire proximal
pole. One of these patients with avascular necrosis
was a manual worker who did not want to risk fail-
ure of the bone graft. The other two patients had ad-
vanced degenerative wrist diseese.

Specimens were preserved in formalin and then
processed and analyzed. Criteria used to identify
areas of ischemic necrosis included the presence
of necrotic adipose tissue in the medullary com-
partment, the absence of viable osteocytesin lacu-
nae, and degeneration or disruption (or both) of
osteons and trabecular architecture.

After surgery, the wrist was immobilized for an
average of 7 weeks (range, 4-10 weeks) in a short
arm cast. Postoperative follow-up consisted of per-
forming a clinical study and obtaining serial con-
ventional radiographs on amonthly basis.

QOur criteria to establish healing were the ab-
sence of pain, radiographic evidence of bridging
trabeculae of the bone in both sides of the inter-
posed graft, disappearance of the osteotomy lines
on conventional radiographs, and no signs of
screw loosening [7].

Thefind diagnoses as documented in the dictated
operative report served as the gold standard for this
study. Sengtivities, specificities, and accuracies of
enhanced and unenhanced MR images were calcu-
lated for each group with 95% confidence intervals.

MR images were evaluated by two musculo-
skeletal radiologists. Discrepancies between the
two independent interpretations were resolved in
conference. Interobserver variability was assessed
using the kappa statistic. The degree of interob-
server agreement, which was measured using the
kappa stetistic, was interpreted on the following
scae: 0-0.2, poor; greater than 0.2-0.4, fair;
greater than 0.4-0.6, moderate; greater than 0.6—
0.8, good; and greater than 0.8-1, very good.

The postoperative rate of union at 12 months was
evauaed for each group. Correlation between the
enhanced and unenhanced MR groups, the surgical
diagnosis, and postoperative outcome was made us-
ing the two-tailed Fisher's exact test or the chi-square
datigtic. A p value of less than 0.05 was regarded as
indicative of agatistically significant difference.

The data were calculated and statistically ana-
lyzed using software (SPSS; Statistical Package
for the Social Sciences, Chicago, IL) for Windows
(Microsoft, Redmond, WA).

AJR:174, January 2000



Downloaded from www.ajronline.org by Sociedad Espanola De Radiologia Medicaon 09/30/13 from |P address 176.31.224.175. Copyright ARRS. For personal use only; al rights reserved

Results
Surgical Findings

In the patients treated with bone grafting
and internd fixation (n = 27), vascularization
was observed as normal to good in five pa-
tients (18%), fair in 10 (37%), poor in eight
(30%), and absent in four (15%).

In the three patients who underwent salvage
procedures, the proxima fragment showed
complete absence of punctate bleeding points.

Unenhanced MR Imaging and Enhanced MR Imaging
Versus Surgical Findings

Sengitivity, specificity, and accuracy of un-
enhanced MR images were low compared with
the surgicdl findings (Table 1). The correlation
was not datigticaly significant (p < 0.149).
However, in the distinction of potentialy viable
bone (groups 1, 2, and 3) from complete necro-
Sis (group 4) the results were higher, although
not statistically significant (p < 0.068).

Avascular necrosis was correctly diag-
nosed in five patients (true-positive results)
and correctly excluded in 17 patients (true-
negative results). Two fal se-negatives and six
false-positives resulted from using the unen-
hanced MR imaging examinations.

Sengitivity, pecificity, and accuracy of en-
hanced MR imaging for the different groups
were good compared with the surgical findings
(Table 2). Enhanced MR images showed agood
correlation with the surgicd findings with a
strong dtetistical significance (p < 0.0001).

In the distinction of potentidly viable bone
(groups 1, 2, and 3) from complete necrosis

MR Imaging of Scaphoid Nonunions

(group 4), theresultswere also statisticaly sig-
nificant (p < 0.0001).

Avascular necros's was correctly diagnosed in
SiX patients (true-positive results) and correctly ex-
duded in 22 patients (true-negative reaults). One
fd se-negative and one fa se-pogitive resulted from
using the enhanced MR imaging examinations.

Discrepancies in the assessment of the vas-
cularity of the proximal fragment were present
in the unenhanced MR imagesin seven patients
and on enhanced MR images in four patients.
Interobserver agreement was good for unen-
hanced MR images (k = 0.63) and was very
good for the enhanced MR images (k = 0.85).

Unenhanced MR Imaging, Enhanced MR Imaging,
and Surgical Findings Versus Healing

Complete healing was achieved in the 20
patients (74.1%) treated with bone grafting
and internd fixation using the Herbert screw.
Seven patients did not show the criteria of
healing proposed by Fernandez [7] and were
classified as having persistent pseudoarthrosis.

The seven patients with persistent pseudoar-
throsis were included in the operative groups of
moderate ischemia (n = 1), severe ischemia
(n = 2), and necrosis (n = 4). The unenhanced
MR images showed norma to dight ischemia
(n = 1), moderate ischemia (n = 1), severe is-
chemia (n = 2), and necrosis (n = 3); and the
preoperative enhanced MR images reveded
moderate ischemia (n = 1), severe ischemia
(n=2), and necrosis(n=4).

The rate of successful union within 12
months for the surgical findings was 100% in

V-\:15 -l Correlation of Unenhanced MR Imaging Findings and Surgical Findings

Sensitivity (%) Specificity (%) Accuracy (%)
Finding

Mean Range Mean Range Mean Range
Normal appearance 20 1-70 96 77-99 83 64-93
Moderate ischemia 20 3-55 70 45-87 53 34-1
Severe ischemia 37 10-74 72 49-88 63 43-19
Avascular necrosis n 30-94 73 51-88 73 53-87
Global 36 20-56 78 68-86 68 59-76

TABLE 2 E;r(';;zlgastion of Contrast-Enhanced MR Imaging Findings and Surgical

Sensitivity (%) Specificity (%) Accuracy (%)
Finding

Mean Range Mean Range Mean Range
Normal appearance 80 29-98 92 72-98 90 72-97
Moderate ischemia 60 27-86 85 61-96 76 57-89
Severe ischemia 50 17-82 81 58-94 73 53-87
Avascular necrosis 85 42-99 95 76-99 95 76-99
Global 66 47-82 88 80-94 83 75-89
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group 1 (5/5), 90% in group 2 (9/10), 75% in
group 3 (6/8) and 0% (0/4) in group 4. For un-
enhanced MR imaging, the rate was 100% in
group 1 (1/1), 88% in group 2 (7/8), 78% in
group 3 (7/9), and 56% in group 4 (5/9) and
for gadolinium-enhanced MR imaging was
100% in group 1 (6/6), 89% in group 2 (8/9),
75% in group 3 (6/8), and 0% (0/4) in group 4.
An absence of gadolinium enhancement was
associated with unsuccessful results.

The correlation of unenhanced MR im-
ages and results after surgery was not statisti-
caly significant (p < 0.209). The correlation
of enhanced MR images and postoperative
results was highly significant (p < 0.0001).

In the three patients with excision of the
proximd pole of the scaphoid, histologic analy-
Sis revedled avascular necross was present in
more than 80% of the quantitative sample. All
these patients had long-standing pseudoarthro-
sis. In two of these patients with advanced de-
generative wrigt disease, mid carpa arthrodesis
was performed; the third patient, who had no
degenerative changes, was trested with proxi-
mal-row carpectomy. The two patients with de-
generative disease of the wrist presented with
proximal fragments that were isointense com-
pared with the rest of the carpal bones on
T1-weighted sequences and isointense and
markedly hypointense on T2-weighted se-
quences, respectively. In the patient without de-
generative wrist changes, the proxima fragment
showed low signd intensity on both T1- and
T2-weighted images. Unenhanced MR images
enabled correct diagnosis in two cases, how-
ever, unenhanced MR images of one case were
erroneoudy interpreted as showing norma vas-
cularizetion to dight ischemia. Gadolinium-en-
hanced MR images enabled correct diagnosisin
al three cases.

Discussion

Complications arising from scaphoid frac-
tures are common and include delayed union,
nonunion, avascular necrosis, deformity or
carpal instability, secondary osteoarthritis, car-
pal tunnd syndrome, and sympathetic dystro-
phy [7, 19-21]. The sgnificant number of
scaphoid fractures in which complications de-
velop can be attributed to the peculiar vascular
anatomy of this bone, especialy of the proxi-
mal pole, which is vulnerable to posttraumatic
ischemia and avascular necrosis because of its
precarious blood supply.

Gelberman and Menon [22] found that the
scaphoid bone receives its vascularization
mainly from the radial artery, with the dorsal
and volar branches entering through the
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Fig. 1.—22-year-old man with de-
layed union. Fracture occurred 11
months earlier.

A, Anteroposterior conventional ra-
diograph shows displaced fracture
through waist of scaphoid with scle-
rosis of proximal fragment.

B, Sagittal T1-weighted spin-echo MR
image reveals slight low signal inten-
sity of proximal fragment (arrow).

C, Sagittal fat-suppressed T1-weighted
MR image obtained with gadolinium
shows diffuse enhancement of proxi-
mal fragment (arrow). Patient healed
after surgery.

distal portion of the bone. The vasculature
entersthe dorsal area of the bone through nu-
merous small foramina aong the spira
groove and dorsal ridge. These feeding ves-
sels arise from the dorsal scaphoid branch of
the radial artery and the dorsal radia carpal
arch. These sources account for approxi-
mately 80% of the total blood supply to the
scaphoid. The distal area of the bone is sup-
plied with 20% of the total blood supply to
the scaphoid by pamar vessds that enter
through the tubercle and distal pole. Gelber-
man and Menon failed to find intraosseus con-
nections between these two areas of blood
supply; similarly, they have been unable to
show that any significant blood supply enters
through the attachments of the scapholunate
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ligaments. Landsmeer [23] found that the ra-
dioscapholunate ligament or ligament of Testut
is a neurovascular structure that supplies the
scapholunate intransseous ligament and may
vascularize the proximal pole of the scaphoid.
Herbert [10] observed numerous patients in
whom a small fragment of the proximal pole
remained viable when only the scapholunate
ligament could have been its source of blood
and patients in whom avascular necrosis of
the proximal pole occurred after avulsion in-
juries of the scapholunate ligament with-
out any associated fracture. However,
Berger et al. [24] reported that microdissec-
tions of cadaver wrists did not revead any
penetration of the vessels into the proximal
pole of the scaphoid.

Green [19] reported that although total
avascular necrosis was present in only ap-
proximately 5-10% of scaphoid fractures,
diminished vascularity was usually found. In
contrast to the classic concept that avascular
necrosis is present in 30% of waist fractures
and is dmost a certainty in proxima pole
fractures [25], Herbert [10] reported that
complete avascular necrosis after a fracture,
especially if the scapholunate ligament had
remained intact, was rare.

Bone grafting with internd fixation is the
treatment of choice for scaphoid nonunion,
with a success rate of 80-90% [9]. Reasons
cited for poor results include the size of the
proxima fragment [26], degree of displace-
ment [27], bone grafting method [28], surgical
techniques [29, 30], and the presence of avas-
cular necrosisin the proximal fragment, which
is the most important factor in predicting the
likelihood of success or failure of the surgical
treatment in scaphoid nonunions [5, 8].

Gross ingpection of the exterior surface of
the bone during surgery and of the punctate
bleeding points is usudly the most important
test by which wrist surgeons can assessthe vas-
cularity of scaphoid nonunions. Green [8] ad-
vocated direct visualization of punctate
bleeding in cancellous bone found at surgery as
the best determinant of true avascular necrosis
because in his experience with 45 scaphoid
nonunions treated with Russe bone graft-
ing, union was consgtently achieved when
bleeding was clearly visble in the proximal
pole. Conversely, with a paucity of punctate
bleeding, successful union was considerably
decreased, and in all cases with atotal absence
of visble bleeding, nonunion was the rule.
Green concluded that if the proximal pole ap-
pears norviable, bone grafting for scaphoid
nonunion is likely to fail and an dternative
trestment should be considered. Other authors
have agreed with Green that visudization of
punctate bleeding during surgery is the most
accurate method of determining vascularity of
the proximal pole [16, 17]. We anadlyzed this
finding with respect to the outcomesin our se-
ries. Nevertheless, Green acknowledged the
limitations of intraoperative scrutiny of the
punctate bleeding points as the sole criterion of
avascular necrosis and the need for a more ob-
jective and consistently reproducible method of
vascular anayss.

Intraoperative biopsy can be mideading be-
cause of the patchy pattern of avascular necrosis
[31]. Biopsy specimens are likely to contain
both viable and dead osteocytes and cannot be
used to accurately predict the histologic status of
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Fig. 2—27-year-old man with long-standing pseudoarthrosis, dorsal segmental in-
tercalated instability, synovitis, and advanced degenerative changes in radios-
caphoid joint.

A, Coronal T1-weighted sequence shows proximal fragment is isointense to
other carpal bones.

B, Fat-suppressed T2-weighted MR image in coronal plane shows marked low
signal intensity of proximal fragment (arrow).

C, Coronal fat-suppressed T1-weighted MR image with gadolinium shows com-
plete absence of enhancement in proximal fragment (arrow). Necrosis of prox-
imal fragment was found at surgery. Resection of necrotic bone and wrist
arthrodesis was performed. Histopathologic analysis of bone specimen con-

firmed necrosis.

the entire fragment; therefore, serid sections of
the entire proximal pole would be necessary to
prove the existence of complete avascular necro-
Ss[31]. Urban et d. [31] showed how abiopsy
specimen from apresumedly avascular scaphoid
can be interpreted as viable bone and how a
scgphoid with some bleeding in the base of the
cancellous bone can be interpreted as avascular.
Therefore, findings from random biopsy cannot
be used to determine the higtologic status of the
entire specimen because focal areas of normal-
appearing bone may exist adjacent to regions of
necross. Other methods are necessary to de-
termine scaphoid viability. However, there
are not accurate examinaions by which to quan-
tify the exact degree of vascularity. Conventiona
radiography and CT cannot preoperatively pre-

AJR:174, January 2000

dict the amount of avascular necross because
sclerosis of the proximal fragment does not nec-
essarily corrdlate with avascular necrosis [6, 8,
9] (Fig. 1). Although bone scintigraphy is very
senstive and can detect early avascular necrosis,
this technique has alow specificity. Areas of in-
creased radionuclide activity can be observed
wherever there is a posttraumatic hedling pro-
cess, even in the absence of bone ischemia; fur-
thermore, the low gpatia resolution of bone
scans makes defining the exact area of avescular
bone difficult. Toward this end, evidence is ac-
cumulaing that MR imaging is a suitable tech-
nigque for noninvesively identifying the vascular
dtatus in acute fractures [32] and nonunions [6,
9, 1114, 25] of the scgphoid and, therefore, can
be used as part of the preoperative assessment.

C

Perlik and Guilford [6] used MR imaging
prospectively to predict avascular necrosis in
10 patients with scaphoid nonunion. In their
study, MR imaging was found to have an ac-
curacy of 100% compared with an accuracy
of only 80% for surgical inspection and 40%
for conventional radiography.

Desser et al. [14] published data that indi-
cate MR imaging had a 100% specificity in
the diagnosis of avascular necrosis of carpa
bones. These researchers noted a difference
in sensitivity between T1-weighted (89%)
and T2-weighted (55%) images in the detec-
tion of carpal avascular necrosis. The lower
sengitivity of T2-weighted images may be ex-
plained by the inherent lower signal-to-noise
ratio. Other groups of researchers have re-
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ported that avascular necrosis after scaphoid
nonunion was associated with low signal in-
tensity on both T1- and T2-weighted images
[9, 11, 13, 14, 25].

However, MR images of scaphoid non-
union are complex and difficult to interpret
because in one dlice the signal may be dimin-
ished or absent, whereas in another dlice, the
signal may be relatively normal. These find-
ings may reflect the blood supply of the bone
because avascularity frequently has a patch-
work pattern in which dead osteocytes reside
immediately adjacent to viable cells[31].

146

A

Fig. 3.—31-year-old man with nonunion of scaphoid waist fracture.

A, Coronal T1-weighted MR image shows moderate low signal intensity of proximal fragment (arrow).

B, Coronal gadolinium-enhanced fat-suppressed T1-weighted MR image shows absence of enhancement (arrow).
C, Sagittal fat-suppressed T1-weighted MR image obtained with gadolinium shows patchy enhancement
with viable bone (arrow) in palmar aspect of bone and necrosis in dorsal surface. Healing was achieved after
surgical treatment with bone grafting and insertion of Herbert screw.

T1-weighted sequences alone are not useful
because in patients in whom normal signdl in-
tengity is seen on T1-weighted images, early
necrosis with mummified fat is possible, as
was seen with three patientsin our study (Fig.
2). This finding was described by Vande Berg
et a. [33] as affecting the hips of four patients;
however, to our knowledge, this finding has
not been previoudly described in the scaphoid.
Low sgna intensty on Tl-weighted se
quences does not necessarily mean necrosis,
this appearance may just reflect ischemia and
potentialy viable bone (Fig. 3). Hashizume et

al. [34] obtained samples from lunate bones of
10 patients with stage 3 Kienbtck’s disease
and performed histopathologic anaysis. Find-
ings from these studies were correlated with
MR imaging findings: low-signa-intensity ar-
eas seen on MR images did not correlate
closely with the extent of the necrotic areasre-
vedled by the histologic findings. In this study,
the low-signal-intensity zone on a T1-
weighted image was larger than the true ne-
crotic zone and corresponded better with the
reactive interface—that is, a digtinctive layer
of inflammatory and reforming tissue that

AJR:174, January 2000
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Fig. 4—41-year-old man with long-standing pseudoarthrosis.
A, Coronal T1-weighted MR image shows marked low signal intensity of proximal fragment.
B, Coronal fat-suppressed T2-weighted MR image shows heterogeneous signal inten-

sity of proximal fragment.

C, Coronal gadolinium-enhanced fat-suppressed T1-weighted MR sequence reveals
lack of enhancement (arrow). No points of punctate bleeding were found at surgery and

proximal carpectomy was performed.

MR Imaging of Scaphoid Nonunions

devel ops between viable and necrotic bone ar-
ess. Therefore, MR imaging exaggerates the
necrotic area by showing granulation as hav-
ing low signal intensity.

Performing T2-weighted sequences did not
help much because avascular necross may show
not only low sgnd intendity but aso normal or
high sgnd intensty and usudly has a patchy
patern. Low sgnd intensity on T2-weighted
images usudly corresponded with necrods, but
thisfinding was uncommon in our study.

Inoue et d. [15] refuted the theory that low
sgnd intendity on both T1- and T2-weighted
sequences is associated with avascular necrosis
and poor results after surgery. Theseresearchers
described four patients in whom decressed Sig-
na intengity of the proximal fragment was seen
on T1- and T2-weighted images and hedling
was achieved after grafting of cancellous bone
and insertion of aHerbert screw.

AJR:174, January 2000

Moreover, in these sudies [6, 9, 11, 13-15)]
gadolinium was not administered. In our study,
when gadolinium was injected, the reduction in
blood supply to the proxima fragment could be
detected early by comparing the rate of increase
in dgnd intendty after enhancement of the
proximal fragment versusthet of the normd car-
pa bones. On T1-weighted fat-suppressed im-
ages, the enhancement of hyperemic tissue is
easer to see than on spin-echo T1-weighted se-
quences, thehigh signd intengity of normd fat is
uppressad and only the additiond increase in
dgnd intensty caused by vascular perfusion is
registered. Under these circumstances, alack of
enhancement of the bone marrow of the proxi-
ma scaphoid fragment indicated lack of blood
perfuson and therefore varigble degrees of is-
chemia(Figs. 4 and 5).

The signal intensities of the hypervascu-
larized areas in the enhanced MR studies

C

varied from dight to marked low signal in-
tensity on T1-weighted and intermediate to
high signal intensity on T2-weighted images.

The unenhanced areas that were individu-
alized on postcontrast images appeared ei-
ther isointense with fat or hypointense on
unenhanced T1-weighted images, and the
appearance of these areas was extremely
variable on T2-weighted sequences.

The results of our study show that the pat-
tern of signal is frequently patchy and vari-
able on T1- and T2-weighted sequences in
both necrotic and viable bone. Unenhanced
MR imaging did not alow us to religbly de-
termine the degree of ischemia or viability of
the proximal fragment because the correla-
tion of the different groups of ischemia with
the surgica groups was poor and an impor-
tant interobserver variation was seen;
however, athough inferior to gadolinium-
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sity in proximal fragment.

Fig. 5.—22-year old man with displaced fracture in waist of scaphoid. Avascular ne-
crosis was suspected because of painful synovitis and sclerosis of proximal fragment.
A, Coronal T1-weighted MR image shows marked low signal intensity of proximal
fragment and radioscaphoid synouvitis.

B, Fat-suppressed T2-weighted MR image in coronal plane shows high signal inten-

C, Coronal fat-suppressed T1-weighted MR image obtained with gadolinium reveals
enhancement of proximal fragment. Patient healed after surgical treatment.

enhanced MR imaging, unenhanced MR im-
aging enabled us to distinguish between po-
tentially viable bone and nonviable bone.

We propose anew classification system us-
ing contrast-enhanced MR imaging to quan-
tify the extent of necrosis of the proximal
fragment that in our series showed good cor-
relation with surgical and histologic findings
and the healing of the nonunion. We believe
that gadolinium-enhanced MR imaging is a
good method by which to assess preopera-
tively the vascular status and healing poten-
tial of agiven fracture.

One important limitation of our study is
that we used the surgeon’s impression of the
vascularity as the gold standard because

148

there are no other methods by which to quan-
tify the exact degree of vascularity. Never-
theless, the strong statistical significance
between the degree of ischemia and the po-
tential of healing suggests that enhanced MR
imaging is areliable exploration by which to
determine the vascul arization of the scaphoid
nonunions. Another limitation is that the rate
of enhancement on MR images was subjec-
tively assessed.

From a prognostic standpoint and for the
choice of the method of treatment, surgical
approach, and type of bone grafting proce-
dure, the clinical decision is based on the
anatomic location of the nonunion, the pres-
ence or absence of ingtability or deformity,

C

and the vascular status of the proximal frag-
ment. The first two parameters are clearly di-
agnosed with conventional radiography and
eventually with CT for precise determination
of posttraumatic scaphoid deformity [7, 35].
We believe that gadolinium-enhanced MR im-
ages are necessary to evaluate accurately the
vascular status of the proxima fragment in
scaphoid nonunions and can enable the pre-
diction of the healing potential before surgery
and help the surgeon select the appropriate
surgica procedure. In our opinion, when as-
ng the degree of vascularity of the proxi-
mal fragment, unenhanced MR sequences are
not useful and should not be performed, there-
fore reducing the examination time.

AJR:174, January 2000
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