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Abstract The purpose of this retro-
spective study was twofold: firstly,
to assess the ability of MR imaging
in confirming/excluding the presence
of residual tumour following inade-
quate primary excision of soft tissue
sarcomas; and secondly, to assess the
accuracy of the original radiologists
report as compared with a retrospec-
tive review of the scan hard copy in
confirming/excluding. A total of 111
cases were identified that fulfilled
the inclusion criteria of inadequate
primary surgery followed by a MR
scan and subsequent wide re-exci-
sion of the surgical field. The gold
standard for the assessment of the
MR imaging studies was histological
examination of the re-excision speci-
mens. Histological examination re-
vealed residual tumour in 63 (56.7%)
cases. In 48 cases the residual tu-
mour was classified macroscopic
(maximum diameter >10 mm) and
15 cases microscopic (maximum di-
ameter ≤10 mm). The original radi-
ologists reports failed to indicate the
presence or absence of tumour in 7
(6.3%) cases. In the remaining 104
cases the diagnostic performance of
MR imaging gave a sensitivity of

0.64, specificity of 0.93, positive
predictive value of 0.93 and negative
predictive value of 0.67. In 12 of the
21 false-negative scans the residual
tumour was microscopic. Subjective
assessment of the radiologist’s re-
ports indicated that the proportion of
equivocal reports was much higher
in both the false-negative and false-
positive groups as compared with the
true groups. An unblinded retrospec-
tive review of the scan hard copies
only differed from the original radi-
ologists report in 8 (7.2%) cases.
Contrast-enhanced sequences were
not routinely obtained in this series.
The results suggest that the poor
negative predictive value can be at-
tributed more to limitations of the
MR scan and not to failures in obser-
vation or interpretation by the radiol-
ogists. Despite the low negative pre-
dictive value, MR imaging remains
useful in planning the re-excision
surgery by identifying the site and
extent of the original operation and
size of major residual tumour.
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Introduction

The main treatment for a soft tissue sarcoma is surgical
removal of the primary tumour with a wide margin of
surrounding normal tissue, otherwise known as a wide
excision [1, 2]. There are several essential pre-requisites

for this to happen, notably, accurate preoperative diagno-
sis and assessment of the extent of the tumour using im-
aging [3]. First and foremost, however, clinical aware-
ness of the possibility of a sarcoma is necessary. Soft tis-
sue sarcomas are rare, comprising approximately 5% of
all soft tissue masses presenting to non-specialist units.
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When confronted with a soft tissue mass, most surgeons
erroneously expect to find a lipoma, lymph node, gangli-
on cyst or haematoma [4]. Between 25 and 43% of pa-
tients with a soft tissue sarcoma referred to a specialist
centre have already undergone an inadequate surgical
procedure, be it a mispositioned biopsy or marginal exci-
sion [3, 5, 6, 7]. In these situations the recommended
management is wide re-excision [3, 4, 7, 8]. The purpose
of this retrospective study was to establish the value of
MR imaging in confirming or excluding the presence of
residual tumour following inadequate primary excision
of a soft tissue sarcoma.

Materials and methods

Details of all patients referred to our orthopaedic oncology service
in an 8-year period (1992–2000) with the final diagnosis of a soft
tissue sarcoma were obtained from the unit’s database. A review
of the records identified those cases in which the pre-referral sur-
gical management had been inadequate due to inappropriate biop-
sy, intralesional or marginal excision. The medical records and im-
aging studies of these cases for the period immediately before and
after referral to our unit were reviewed. The final study group con-
sisted of those cases in which there was a post-referral MR study
of the surgical field followed by wide re-excision with histological
confirmation of the presence or absence of residual tumour. All
the MR scans, prior to wide re-excision, were performed on a 1-T
superconducting magnet (Siemens Impact, Erlangen, Germany). A
minimum standard protocol was applied comprising three se-
quences. T1-weighted fast-spin-echo and turbo short T1 inversion
recovery (STIR) sequences oriented in the longitudinal plane of
the anticipated involved compartment and a transverse T2-weight-
ed fast-spin-echo sequence. The T2-weighted sequence was sub-
stituted for a T2-weighted fast-spin-echo fat-suppressed sequence
midway through the study period after a system upgrade. A con-
trast-enhanced sequence with a gadolinium chelate was not rou-
tinely performed.

The original reports, made by one of two experienced muscu-
loskeletal radiologists (A.M.D., N.E.), on the post-referral scans
were reviewed and the interpretation subjectively classified into
one of five categories; these were definitely normal, equivocally
normal, uncertain, equivocally abnormal or definitely abnormal
with respect to the absence (normal scan) or presence (abnormal
scan) of residual tumour. These results were then compared with
the gold standard of the histological findings on the re-excised tu-
mour area. The histological findings were classified as normal or,
if tumour present, microscopic (i.e. aggregates of residual tumour
≤10 mm in maximum diameter) or macroscopic (i.e. one or more
foci of tumour >10 mm in diameter).

Unblinded to the initial MR report or the subsequent histologi-
cal findings, the hard copy of all the MR scans was reviewed to
determine the site of the primary tumour, the number and type of
sequences employed, whether the sequences were obtained with a
surface coil (i.e. small field of view) or the body coil (i.e. large
field of view), and if a gadolinium chelate had been administered.
Consensus was reached between three radiologists (A.M.D., S.P.,
A.M.), as to whether the original report was an accurate interpreta-
tion of the findings irrespective of the subsequent re-excision his-
tology. The re-interpretation of the scans was subjectively classi-
fied as per the original radiologists reports. The MR features con-
sidered indicative of a tumour were a soft tissue mass, hyperin-
tense on T2-weighted and STIR images which was not uniformly
homogeneous. The review also classified the MR features that
could be attributed to the trauma of the surgery rather than to the
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possible presence of residual tumour. The three categories com-
prised subcutaneous scar alone, subcutaneous scar with surround-
ing soft tissue oedema, scar and oedema with a collection sugges-
tive of a haematoma or seroma. Subacute haematoma was suggest-
ed by hyperintensity on T1-weighted images and a seroma by a
rounded or oval, homogeneous, hyperintense mass on T2-weight-
ed images.

Other factors recorded were the initial presurgical diagnosis,
the presence or absence of pre-operative imaging and the time
elapsed between the MR scan and the subsequent wide re-exci-
sion.

Results

In the study period a total of 887 patients with a final di-
agnosis of a soft tissue sarcoma were treated in our or-
thopaedic oncology service; of these, 140 (11%) had re-
ceived inadequate surgical management prior to referral.
Medical and imaging records could be traced in 121 pa-
tients. Ten cases were then excluded from further analy-
sis because, for various clinical reasons, they did not un-
dergo wide re-excision. The age range of the remaining
111 cases was 5–87 years with a mean age of 48 years.
There were 63 male and 48 female patients. Preoperative
imaging, undertaken before the initial inadequate sur-
gery, was performed in only 39 (35.1%) cases. Twenty-
five (22.5% of the overall series) of these underwent
some form of cross-sectional imaging, with or without
radiography. Four ultrasound only, 6 computed tomogra-
phy (CT) only, 11 MR imaging only, 2 ultrasound and
CT and 2 ultrasound and MR imaging. The commonest
misdiagnosis on imaging, identified in 8 cases, was a
spectrum of benign cystic lesions (e.g. ganglion, syno-
vial cyst and bursitis).

Seventy-two (64.8%) patients did not undergo any
imaging prior to initial surgery. The presumptive preop-
erative clinical diagnosis as stated in the letters of 
referral to our unit comprised lipoma (13 cases), gan-
glion cyst or bursa (12 cases), benign otherwise un-
specified (6 cases), mass diagnosis unspecified (8
cases) and no diagnosis given (17 cases). In only 6
cases was the possibility of malignancy considered pri-
or to surgery.

Table 1 Comparison of the initial MR scan report and histological
findings following re-excision. mi microscopic residual tumour,
ma macroscopic residual tumour

Histology

Positive Negative

MR imaging Positive 38 3
(1 mi/37 ma)

Uncertain 4 3
(2 mi/2 ma)

Negative 21 42
(12 mi/9 ma)
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The comparison of the initial MR scan report with the
subsequent histological findings are detailed in Table 1
(see Figs. 1, 2, 3, 4, 5, 6, 7). Excluding the 7 cases in
which the MR scan report was classified as uncertain,
the diagnostic performance of MR imaging in confirm-

ing or excluding residual tumour in the remaining 104
cases is detailed in Table 2. The calculations on which
the results given in Tables 1 and 2 are based have com-
bined the definite and equivocal reports into positive (i.e.
tumour present) and negative (i.e. tumour absent)
groups. The proportion of definite to equivocal MR re-
ports were 3.75 to 1 for the true-positive group, 2 to 1
for the true-negative group, and 1 to 2 for the false-nega-
tive and false-positive groups.

The sensitivity and specificity can be combined to pro-
duce a likelihood ratio. This will give the change in odds
in favour or against the presence of residual tumour for a
given MR scan result; thus, a probability of the disease
may be ascertained (i.e. residual tumour) before the actu-
al disease status is known. Furthermore, it allows the use
of the uncertain data included in Table 2. The likelihood
ratio for the uncertain categories can be calculated utili-
sing the test yields [9]; thus, the prior odds can be adjust-
ed to produce probablities of the residual tumour being
present/absent depending on the MR result (Table 3).

Ninety-nine (89%) patients underwent wide re-exci-
sion within 1 week of the re-staging MR scan. In the re-
maining 12 cases there was a delay between the MR scan
and re-excision of between 2 and 24 weeks. Five of these
cases were in the false-negative group with a delay rang-
ing from 2 to 14 weeks (mean 5.5 weeks). The size of
the largest focus of residual tumour on histological ex-
amination of the re-excision specimens is detailed in 
Table 4.

The retrospective review of the MR scan hard copy
showed that the proportion of cases in each group were
similar for the number of sequences and the type of coils

Fig. 1 True positive. Axial T2-weighted fast-spin-echo image
(TR/TE=3520 ms/105 ms) of the calf showing a 17-mm focus of
residual tumour within the tibialis anterior muscle deep to the sub-
cutaneous scar

Fig. 2 True positive. Axial T2-weighted fast-spin-echo image
(TR/TE=3520 ms/105 ms) of the thigh showing a large mass of re-
sidual tumour (17 cm in length in the longitudinal plane) in the ad-
ductor compartment. No imaging had been performed prior to the
original surgery when the clinical diagnosis had been a “haemat-
oma”

Table 2 Diagnostic performance of MR imaging in confirm-
ing/excluding residual tumour based on 104 cases. The 7 addition-
al cases, in which the initial MR report was classified as uncertain,
are excluded

95% lower and upper
confidence levels

Sensitivity 0.64 0.52–0.76
Specificity 0.93 0.86–1.0
Positive predictive value 0.93 0.85–100
Negative predictive value 0.67 0.55–0.78
Accuracy 0.77 0.69–0.85

Table 3 Likelihood ratios and posterior probabilities based on the results of Table 2 (including the uncertain category)

Likelihood 95% lower 95% upper Probability residual
ratio confidence interval confidence interval tumour

Before MR imaging – – – 0.568

MR imaging Positive 9.661 3.185 29.302 0.927
Uncertain 1.016 0.239 4.327 0.571
Negative 0.381 0.268 0.542 0.334
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Fig. 3a–c True negatives. a Axial T2-weighted fast-spin-echo im-
age (TR/TE=3520 ms/105 ms) showing a subcutaneous scar over
the lateral aspect of the lower thigh. b Axial fat-suppressed T2-
weighted fast-spin-echo image (TR/TE=2309 ms/98 ms) through
the calf showing extensive subcutaneous oedema. c Axial T1-
weighted fast-spin-echo image (TR/TE=637 ms/38 ms) showing a
typical subacute haematoma within the subcutaneous tissues over
the lateral aspect of the knee

selected. A static contrast-enhanced sequence with a ga-
dolinium chelate was not used in any case from the true-
positive, true-negative, false-negative with microscopic
residual disease and false-positive groups. A contrast-
enhanced sequence was obtained in 4 of the false-nega-
tive cases with microscopic disease and two of the 
uncertain group (Figs. 5, 7). The retrospective review
agreed with the initial report in all cases in the true-posi-
tive, true-negative and false-negative with microscopic
residual disease. Eight cases were reclassified. In only
one scan did the retrospective review conclude that the
original report had been in definite error. This was early

Table 4 The maximum size of the residual tumour on histological
examination of the re-excision specimen. Microscopic ≤10 mm,
macroscopic >10 mm

Microscopic Macroscopic Range Mean
(mm) (mm)

True positive 1 37 11–170 60
False negative 12 9 11–40 26
Uncertain 2 2 11 11

Fig. 4 Uncertain. Axial fat-suppressed T2-weighted fast-spin-
echo image (TR/TE=3175 ms/98 ms) showing a hetero-
geneous mass within oedematous subcutaneous tissues over 
the anteromedial aspect of the calf. The re-excision speci-
men revealed organizing haematoma with no residual tu-
mour
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in the study period where the typical MR features of a
subacute haematoma had been misinterpreted as a mass
of residual tumour and classified as definitely abnormal
(Fig. 6). A much higher proportion of cases in the uncer-
tain or false categories (84%) showed florid post-surgi-
cal changes (oedema±haematoma/seroma) as compared
with the true-negative group (31%; Figs. 5, 6, 7). This
indicates that the less distorted the surgical field is on the
follow-up MR scan, the easier it is to exclude residual
macroscopic tumour.

The proportion of true results (positives and negatives
combined as compared with the false or uncertain re-

sults) varied from 4 to 1 for tumours arising in the upper
limb, to 3 to 1 in the thigh, to 2 to 1 in the calf and ankle
and foot, to 1.5 to 1 in the buttock. The site of the prima-
ry tumour did have a significant bearing on the incidence
of residual disease. For example, 84% (16 cases) with a
soft tissue sarcoma arising around the ankle and foot had

Fig. 5a–c Uncertain. a Axial T2-weighted fast spin-echo
(TR/TE=5000 ms/90 ms), b T1-weighted fast spin-echo
(TR/TE=600 ms/15 ms), and c contrast-enhanced T1-weighted
fast-spin-echo (TR/TE=600 ms/15 ms) images. There is a hetero-
geneous soft tissue mass overlying the posterior muscles. The high
signal intensity margins on the b precontrast image suggests sub-
acute haematoma. There is no significant signal change on the c
post-contrast medium image. The re-excision specimen revealed
organizing haematoma with microscopic tumour

Fig. 6 False positive. Coronal T1-weighted fast-spin-echo (TR/TE=
770 ms/15 ms) image through the hindfoot. The high signal inten-
sity soft tissue mass (arrowheads), typical of a subacute haemat-
oma, was mistakenly interpreted as a tumour
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evidence of residual tumour in the re-excision specimen.
This compares with an incidence of only 47.6% (20
cases) in the thigh, the commonest site of a primary in
this series.

Discussion

Local recurrence occurs in 10–20% of patients with a pri-
mary soft tissue sarcoma despite optimal wide excision
[10]. Failure to obtain a wide margin dramatically in-
creases the recurrence rate to between 70 and 90% 
[1, 4, 11, 12, 13, 14]. This not only prejudices preserva-
tion of local limb function but is also associated with the
development of metastasis and decreased long-term sur-
vival [10, 13]. It is for these reasons that wide re-excision
is advocated when the initial surgical procedure has been
inadequate [7, 8]. When planning further surgery, with or
without radiotherapy, it is important to identify the site
and extent of residual disease [4]. This is particularly per-
tinent in those patients in whom no preoperative imaging
whatsoever had been performed; this accounts for 65% of
the patients in the current study. Physical examination is
unlikely to identify residual tumour in a recent operative
site [4]. The clinical information gleaned from the medi-
cal records and letters at the time of referral in this series
proved limited and unreliable. For example, MR scanning
revealed a 14-cm-diameter focus of residual tumour in 1
case that had ostensibly undergone an “excision biopsy.”

Historically, neither radiographs nor angiography
proved helpful in evaluating the extent of residual dis-
ease [4, 15, 16]. Similarly, CT is of limited value in the
early postoperative period where oedema, granulation
tissue and scar tissue cannot be reliably distinguished
from residual tumour [17, 18]. The use of MR imaging
in this context has been the subject of few published
studies; many either predate the routine use of MR imag-
ing in orthopaedic oncology [4, 19] or only mention its
use in passing [3] or not at all [7]. One study on re-exci-
sion following inadequate surgery deliberately excluded
all cases in which a mass was palpable on clinical exami-
nation or revealed on MR imaging, in effect equivalent
to excluding the true-positive group in the current study
[5].

Two recent papers, limited to a total of 16 and 24 pa-
tients, respectively, have attempted assess the accuracy
of MR imaging in the pre-operative work-up prior to re-
excision [8, 20]. Although these studies were conducted
in a different countries from the current one many of the
experiences were similar. For example, in Siebenrock
and coworkers’ [8] study, 11 of 16 (69%) patients under-
went no imaging whatsoever before initial surgery as
compared with 72 of 111 (65%). The presumptive diag-
nosis before primary excision was a non-malignant soft
tissue mass of some description in 16 of 16 (100%) of
cases as compared with 99 of 111 (89%). Residual tu-
mour was identified in the re-excised specimens in 10 of
16 (63%) of cases as compared with 63 of 111 (57%).
Other studies have reported the prevalence of residual
tumour ranging from 35 to 59% [3, 5, 7]. The lower pre-
valences may be attributed to different treatment proto-
cols including adjuvant chemotherapy and radiation be-
fore re-excision and by the fact that some excluded those
cases with macroscopic disease [8].

The largest difference between the study published by
Siebenrock et al. [8] and the current study, apart from the

Fig. 7a, b False negative. a Axial T2-weighted fast-spin-echo
(TR/TE=4000 ms/105 ms) and b T1-weighted fast-spin-echo
(TR/TE=750 ms/15 ms) showing typical features of a subacute
haematoma over the medial aspect of the calf. A contrast-en-
hanced sequence was virtually identical to b. The re-excision
specimen revealed a haematoma with miscroscopic residual tu-
mour



numbers of cases included, was in the retrospective in-
terpretation of the original MR scan reports. In the cur-
rent study, only 7 scans (6%) were classified as uncer-
tain, i.e. the scan report did not distinguish whether the
tumour was present or absent (Table 1), whereas Sieben-
rock et al. [8] identified 4 (25%) of the scans in an un-
certain category. It is impossible to determine whether
the high number of uncertain scans in that paper was due
to inadequate scanning protocols. It is more likely that it
reflects a degree of indecision in the wording of the orig-
inal reports or caution as to how the reports were subse-
quently interpreted. A retrospective classification of
written scan reports is bound to be subjective. It is for
this reason that the subjective classification in the cur-
rent study included “equivocal” categories. Although, for
the purposes of calculating the sensitivity, specificity,
etc., the definite and equivocal results were combined, it
is of note that an equivocal report was up to four times
more likely in the false-positive and false-negative
groups than the true-positive and true-negative groups.
An equivocal report, albeit with an emphasis towards the
positive or the negative, should be viewed with circum-
spection. While common sense, this observation cannot
necessarily be extrapolated to other centres as it is based
on a subjective assessment of the wording of reports is-
sued by two radiologists working in one specialist unit.

The fact that MR imaging failed to reveal 25 of 63
cases (40%) with residual tumour is hardly surprising
(Table 1): in over half of these the residual tumour was
microscopic which would be below the expected resolu-
tion of the MR images (Figs. 5, 7). In the false-negative
cases with macroscopic disease the maximum diameter
of the residual tumour was smaller than that identifiable
on the true-positive scans (Table 4). Also, the incidence
of florid postoperative features, such as soft tissue oede-
ma, haematoma and/or seroma formation, which might
be expected to obscure residual tumour, was much high-
er in the uncertain with residual tumour and the false-
negative groups (80%) as compared with the true-nega-
tive group (31%). A typical problematic example is the
identification of a subacute haematoma at the site of pre-
vious surgery that may or may not be associated with mi-
croscopic residual tumour (Figs. 3c, 4, 5, 6, 7). Another
factor to consider is the potential effect of any delay be-
tween the timing of the MR scan and subsequent re-exci-
sion. Although 89% patients underwent re-excision with-
in 1 week of the MR scan, there was a delay in 5 of the
false-negative group ranging from 2 to 14 weeks. It is
possible that the residual tumour would have increased
in size considerably during this period in some, if not all,
cases.

We have calculated the likelihood ratios to provide
the clinicians with an idea of the usefulness of MR imag-
ing in assessing residual disease at this treatment centre.
Whereas a positive scan will mean that there is residual
disease in 93% cases, even scans reported as uncertain
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will have tumour present in 57% and a negative scan will
be incorrect in 33% cases (Table 3). Magnetic resonance
imaging is, therefore, not reliable in predicting the pres-
ence or absence of residual tumour.

Purists might be tempted to criticise the MR protocol
in that a contrast-enhanced sequence was not routinely
included. In the few cases that a static contrast-enhanced
sequence was obtained it proved unhelpful (4 false-posi-
tive cases with microscopic residual tumour and 2 cases
in the uncertain category; Figs. 5, 6). It can difficult to
identify enhancement in the presence of subacute 
haemorrhage containing paramagnetic methaemoglobin. 
Shapeero et al. noted that conventional contrast-en-
hanced MR imaging may not distinguish between recur-
rent tumour and an inflammatory pseudotumour [21].
Kaste and coworkers in their study on MR imaging after
incomplete resection of a soft tissue sarcoma used a ga-
dolinium chelate in 16 of 24 (66%) cases [20]. The sen-
sitivity of these presumed static contrast-enhanced imag-
es to the presence of pathologically identified tumour
was 0.78 and the specificity of such studies to the ab-
sence of tumour was 0.86. The sensitivity is better than
achieved in the current study, 0.78 as compared with
0.64, but not overwhelmingly so, and their specificity
was lower (Table 5). Assuming that a gadolinium chelate
would identify macroscopic residual disease, then a con-
trast-enhanced sequence would have been helpful in 11
(10%) cases in the current study but would still miss 
the microscopic residual tumour in 14 (13%) cases 
(Table 4).

It is unlikely that a dynamic contrast-enhanced se-
quence would be the answer because the limited image
resolution, in order to obtain the necessary temporal res-
olution, is likely to miss microscopic tumour. In addi-
tion, relatively rapid enhancement can be expected with-
in the soft tissues at the site of recent surgery indepen-
dent of the presence or absence of residual tumour. 
Shapeero and coworkers had false-positive results in all
4 of their cases which had dynamic contrast-enhanced
MR imaging within 2 months of resection [21].

Table 5 Results of the ability of MR imaging to demonstrate re-
sidual tumour comparing the current study with the two previously
published papers. PPV positive predictive value, NPV negative
predictive value

Current Siebenrock Kaste et al.
study et al. [8]a [20]

No. of patients 111 16 24
Residual tumour (%) 57 63 58
Sensitivity 0.64 0.75 0.78
Specificity 0.93 0.75 0.86
PPV 0.93 0.86 0.78
NPV 0.68 0.60 0.86

a Cases classified as uncertain on MR imaging were excluded from
calculations
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The anatomical site of the primary tumour had a mi-
nor influence on the results of the MR scans. The pro-
portion of true results (positives and negatives com-
bined) varied depending on location and the incidence of
residual tumour and was much higher around the ankle
and foot as compared with the thigh. This reflects, first-
ly, the false clinical assumption that a mass arising in a
superficial location, such as the ankle and foot, is benign
resulting in inadequate surgery, and secondly, the diffi-
culty in achieving a wide resection margin in relatively
small anatomical compartments.

The comparison of the original scan report with the ret-
rospective review of the hard copy showed a difference in
opinion in only 8 (7.2%) cases. Such a low figure is to be
expected with an unblinded review with inbuilt bias. With
prior knowledge, it would take a perverse observer to re-
classify one of the 80 (72%) cases from either the true-

positive or true-negative groups into a false category. The
value of this retrospective audit is that the results can be
attributed more to the limitations of MR to demonstrate
residual tumour, particularly microscopic, rather than to
any major deficiencies of the original reporting radiolo-
gists both in terms of observation and interpretation. De-
spite the limitations of MR imaging, it remains essential
prior to re-excision. There is a high positive predictive
value (93%), but a negative scan does not exclude residual
tumour. Nevertheless, MR imaging is useful in preopera-
tive planning by identifying the site and extent of previous
surgery. When the pre-referral clinical and surgical details
are inadequate, MR imaging can alert the surgeon to the
presence of major residual tumour. Clearly, the optimum
treatment for all soft tissue sarcomas would be wide pri-
mary excision but, failing that, MR imaging followed by
wide re-excision is the management of choice.
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