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Neurotized free muscle flaps can produce MRI changes mimicking
tumour recurrence
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Abstract
Soft tissue sarcomas are investigated by magnetic resonance imaging (MRI) both for initial staging and follow-up. We
describe the presence of increased signal on T2-weighted images caused by a neurotized muscle flap following
reconstructive surgery. This raised concern about possible sarcoma recurrence that was not clinically evident. On
post-operative imaging of sarcomas the presence of recurrent tumour is indicated by a mass and high signal intensity on
T2-weighted images. However, high signal changes in skeletal muscle on T2-weighted images are not specific. In this case,
the free functioning muscle transfer with neurotization of the flap mimicked recurrence on MR scan. High signal intensity
on T2-weighted images in muscle is an indication of either a physiological change or a pathological condition and must be
taken in context of the clinical picture.
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Introduction

Magnetic resonance imaging (MRI) is the primary

imaging modality for lesion detection, local staging

and follow-up of soft tissue sarcomas. This is because

of the pluridirectional imaging capability and good

contrast resolution that MRI provides [1–5].

Sarcoma shows a mass effect and a high water

content relative to the surrounding tissues and there-

fore a T2-weighted or short tau inversion recovery

(STIR) sequence will predominantly demonstrate

a high signal intensity mass. A T1-weighted image

of a sarcoma will be low signal [5,6]. Tumours usually

enhance with gadolonium chelate contrast.

Radiological difficulties in assessing for recurrent

soft tissue sarcoma may be encountered for a number

of reasons. After surgery the normal anatomy may

be distorted and the disposition of muscles may be

deliberately altered at surgery making imaging more

difficult to interpret [6].

It is not always the case that gadolinium chelate

contrast causes a tumour mass to enhance and,

furthermore, conditions such as inflammation cause

enhancement too. As an exception to the rule,

some types of sarcomas have low signal intensity

on T2-weighted MR images. In addition, there are

postoperative conditions other than recurrence that

can cause high intensity signal on T2-weighted MR

images [6,7].

We describe the presence of increased signal on

T2-weighted images caused by a neurotized muscle

flap following reconstructive surgery. This raised

concern about possible sarcoma recurrence that was

not clinically evident.

Case report

A 54-year-old right-handed male artist initially

presented with a mass on the extensor surface

of his left forearm. Histological analysis of an

excision biopsy revealed a probable leiomyosarcoma.

Following local recurrence the patient underwent

wide local excision with a split skin graft and

radiotherapy that was completed 9 months after his

original presentation. Further histology confirmed

complete local excision of a high grade spindle cell

sarcoma with myogenic differentiation.
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An area of radionecrosis and ulceration was

excised and resurfaced with a pedicled radial forearm

flap. There was no histological recurrence.

Three and a half years after his initial presentation

further disease was evident and he was seen at our

unit. He underwent excision of the extensor com-

partment of the forearm and resurfacing with a free

functioning muscle transfer of the latissimus dorsi

with neurotization of the thoracodorsal nerve using

the posterior interosseous nerve as a donor. At this

time the histology reported a high grade spindle cell

sarcoma/leiomyosarcoma with complete excision.

Further radiotherapy was precluded given the high

dose of radiation the patient had already received.

At that time, staging investigations revealed no

evidence of distant disease and the patient made an

uneventful recovery. He then commenced galvanic

muscle stimulation.

Six months after the surgery, MR imaging

was performed. This showed normal signal and

morphological characteristics of the muscle within

the forearm on T1-weighted images. However,

on the T2-weighted images there was a diffuse

increase in signal throughout the extensor compart-

ment (see Figures 1–4). At first, concern about

further recurrence was raised although there was no

mass palpable.

Discussion

The soft tissue contrast obtained by MR imaging is

superior to that obtained by ultrasound or computed

tomography [4,6]. Even though there may be

radiological difficulties, it is a most valuable tool

in monitoring for recurrence of soft tissue sarcomas.

Its use in evaluating spread into adjacent com-

partments and bone or vascular invasion is well

described [4] and this is facilitated by the ability to

image in multiple planes [2,3,5,6]. On post-operative

imaging the presence of recurrent tumour is

indicated by a mass and high signal intensity on

T2-weighted images.

Differentiation between recurrent tumour and

fluid collections can be facilitated by the use of

paramagnetic contrast agents [6,8], a tumour mass

will enhance but a seroma will show no more than

minor rim enhancement.

However, there are possible pitfalls with applica-

tion of these rules. Contrast enhancement similar to

that seen with a recurrent tumour can also occur with

inflammation or infection or the rare radiation-

induced pseudomass [6,8]. Furthermore, if the

tumour is hypovascular (e.g., lobules of cartilage

in recurrent chondrosarcoma) there will be only rim

enhancement with contrast and it may be mistaken

for a seroma [6].

In the absence of a high signal intensity mass

the likelihood of recurrence is remote [6]. However,

it is possible for a tumour to give a low signal

intensity on the T2-weighted image if it is densely

mineralized (e.g., osteosarcoma) or hypocellular

(e.g., fibromatosis) [6].

In addition to these difficulties, high signal

changes in skeletal muscle on T2-weighted images

are not specific and have been described in circum-

stances such as post exercise or strength training

and in pathological conditions including inflamma-

tory myopathies, rhabdomyolysis, hypokalaemic

Figure 1. Coronal T2-weighted scan showing extensive high

signal within the muscle flap – the abnormal signal extends

throughout the entire length of the flap. This distribution mitigates

against this representing a recurrent tumour.

Figure 2. Axial T1 image showing some high signal area,

representing fatty atrophy, within the extensor compartment that

has been resurfaced with the neurotized free tissue transfer.
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periodic paralysis, degenerative myopathies, sport-

related injuries, compartment syndrome, infection

with abscess formation and acute and subacute

denervation [6,9–12].

High signal changes are also caused by many

postoperative conditions and complications. Panicek

et al. [7] reviewed 39 MRI examinations of

11 patients who had undergone treatment for

malignant musculoskeletal neoplasm. The patient’s

examinations were selected from an ‘interesting case’

file where they had been filed because of high signal

intensity on T2-weighted MR images that could be

indicative of a recurrent or residual neoplasm. They

reviewed the clinical history of each patient and none

of the 11 patients had true recurrent sarcoma. In their

study they found that the non-neoplastic entities

responsible for high signal intensity areas included

post-radiation therapy changes, fat necrosis, surgical

haemostatic packing material, intercalary bone allo-

graft, strut bone graft, atrophic muscle, haematomas,

seromas and herniated colon and bladder. The

authors did not examine all MR images performed

at their institution in the time interval that these cases

presented so, unfortunately, the prevalence of the

findings could not be determined.

Information on the post-operative course of the

patient is vital when interpreting MRI studies and

knowledge of details of the surgical procedure

and the interval since surgery or irradiation will aid

accurate interpretation of the MR imaging findings.

Richardson et al. [13] studied the time course,

distribution and degree of post-radiation oedema

leading to signal changes on MR imaging in

15 patients who underwent radiotherapy after

resection of musculoskeletal sarcomas. Their

method involved serial MR studies on each patient

to monitor the size and signal intensity of the

subcutaneous fat, muscle and intramuscular septa/

fascial planes. They found that there is a relatively

wide variation but the oedema seems to persist

longer in the intramuscular septa than fat or muscle.

Although the duration of follow-up was limited in

their study, the results showed that this oedema is

sometimes still present 3–4 years after treatment.

In this case, the last dose of radiotherapy was

3 years and 3 months prior to these MR images.

Post-radiation oedema that could be responsible for

increased signal intensity on the T2-weighted image

was likely to have resolved but might have still been

present.

Denervation of a muscle, for example as a result

of surgery, leads to predictable changes in MR signal

characteristics [12]. In the acute stage no abnormal-

ity may be seen but after 2–4 weeks (subacute phase)

there is an increase in T2 signal intensity as a result

of muscle ‘oedema’ and the muscle appears enlarged

[6]. This is thought to be due to the shift of water

from intracellular to extracellular spaces [11]. In the

chronic phase fatty atropy of the muscle takes place

and is visible on the MRI [6,14].

The finding of fat within the lesion in this case

presents the radiological differential diagnosis of

other lesions that contain fat such as haemangiomas

and some histological subtypes of liposarcoma. The

fat also gives the skeletal muscle a ‘textural pattern’,

on high resolution T1-weighted spin echo images,

which may indicate the benign nature of the lesion.

Biondetti and Ehman [15] examined the MR

imaging studies of 40 patients who had previously

undergone surgery and radiation therapy for

Figure 3. Axial T1 post-gadolinium enhancement showing

areas of increased signal. Although this is not specific, it can

occur as a result of neovascularisation and possibly neurotization.

Figure 4. STIR T1-weighted fat suppressed image showing

marked high signal representative of oedema within the flap.
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soft tissue sarcomas of the lower extremities.

They found that 31 of the patients’ images showed

T2-weighted high signal intensity and, of those, 23

had the ‘texture sign’ on T1-weighted images. None

of these patients proved to have tumour recurrence.

However, out of the eight who had high signal on

T2-weighted images and no texture sign there were

two cases of tumour recurrence.

In this case, the free functioning muscle transfer

with neurotization of the flap mimicked recurrence

on MR scan. The appearance of an almost uniform

high signal throughout the flap is in keeping

with an abnormal state of muscle excitement,

which is thought to be due to the galvanic stimula-

tion, causing increased muscle activity and new

neural stimulation. The increased signal may arise

from neurotization with an abnormal state of

excitement.

High signal intensity on T2-weighted MR images

in muscle is an indication of either a physiological

change or a pathological condition and must be

taken in context of the clinical picture.
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