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Magnetic resonance
 imaging differentiates locoregional
flaps from free flaps after reconstructive surgical

treatment of tongue cancer

Qijun Xu, MD,a Yu Lin, MD,b Zhen Xing, MD,a Tanhui Chen, MD,a Yingyan Zheng, MD,a and

Dairong Cao, MDa
Objective. The aim of this study was to compare magnetic resonance imaging (MRI) features of reconstruction with locoregional

flaps (LRFs) with free flaps (FFs) after surgical treatment for tongue cancer.

Study Design. In total, 115 cases of postoperative tongue carcinoma (67 cases of LRF surgery and 48 cases of FF surgery) were ret-

rospectively reviewed. All patients had undergone nonenhanced and contrast-enhanced MRI at 0�4, 5�12, and 13�48 months

after surgery. Signal intensity, margins, maximal size, contrast enhancement, change in the hyoglossus and mylohyoid muscles,

recurrence, lymph node metastasis, and complications were evaluated.

Results. Significant differences were found between LRF and FF for signal intensity (P < .001) in all 3 periods, with LRF mostly iso-

intense with muscle on T1-weighted images (T1WIs) and FF producing mixed hyperintensity with muscular striations in all cases

in T1WIs and T2-weighted images (T2 WIs). Margin definition was similar between groups in the early period, but sharp margins

were more common in FF after 4 months (P � .018). LRF was significantly smaller than FF in all periods (P � .017). Both mylo-

hyoid and hyoglossus enlargements were common in the early period in both groups, but all cases became atrophic later.

Conclusions. MRI can differentiate LRFs from FFs in a variety of parameters after flap reconstructive surgery for tongue cancer.

(Oral Surg Oral Med Oral Pathol Oral Radiol 2021;131:356�363)
The tongue plays crucial roles in mastication, swallow-

ing, speech, and oral hygiene.1 Carcinoma of the tongue

constitutes 40% to 50% of oral cavity cancers, with a high

incidence rate.2-8 Common risk factors for tongue carci-

noma include smoking and alcohol abuse.2,9-13 This lesion

has a poorer prognosis compared with other oral cavity car-

cinomas because of the complexity of lingual anatomy.13,14

Therefore, patients with tongue cancer may suffer from

severe dysphagia and dysarthria after total glossectomy.

The normal anatomy of the tongue is distorted after

flap reconstructive surgery. The normal reconstructive

flap can be mistaken for recurrence of the neoplasm. In

addition, physical examination of postoperative

patients is difficult. Thus, it is paramount for radiolog-

ists to identify the normal appearance of reconstructive

flaps and the altered anatomy of the tongue.15

Noninvasive magnetic resonance imaging (MRI)

provides excellent soft tissue definition and multidirec-

tional imaging capability. MRI can visualize the com-

ponents and extent of flaps, recurrence of tumor, lymph

node metastasis, and complications of surgery. Previ-

ous studies have applied MRI for assessing nasoseptal

flaps, muscle flaps, and myocutaneous flaps after

reconstructive surgery.16-19 Postoperative MRI can
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also assess nasoseptal flaps and free flaps (FFs) in

endoscopic skull base reconstruction.20

Flap reconstruction, including surgery with locoregional

flaps (LRFs) and FFs, is an important way to reduce surgi-

cal trauma and improve patients’ quality of life. The degree

of postoperative dysphagia and dysarthria may be related to

the type, volume, components, and location of flaps. How-

ever, the postoperative radiologic characteristics of these 2

types of flap reconstruction are still unclear. To our knowl-

edge, MRI studies concerning flap reconstructive surgery

for tongue cancer are limited. Thus, we aimed to compare

the MRI features of LRF and FF reconstruction of the

tongue after surgical treatment for carcinoma as evaluated

in 3 different periods. We hypothesized that some imaging

features would be significantly different between the 2

types of reconstruction and in different periods.

MATERIALS ANDMETHODS
Patients
This retrospective study was approved by the institutional

review board of our hospital, and informed consent was

waived because of the retrospective nature of the investi-

gation. Cases of histopathologically confirmed tongue

cancer, diagnosed from August 2012 to January 2018,
Statement of Clinical Relevance

In surgery for tongue cancer, locoregional flaps (LRFs)

and free flaps (FFs) aid in the repair of tissue defects.

Normal flaps may be misinterpreted as recurrent tumor.

Magnetic resonance imaging can differentiate LRFs

from FFs with regard to many characteristics and can

guide postoperative management.
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Table I. MRI features of flaps for the periods of 0-4, 5-

12 and 13-48 months

0-4 months 5-12 months 13-48 months

Signal intensity:

T1WI

Isointense 45 (42.9%) 38 (53.5%) 37 (69.8%)

Mixed hyperintense 60 (57.1%) 33 (46.5%) 16 (30.2%)

Signal intensity:

T2WI

Isointense 18 (17.1%) 32 (45.1%) 35 (66.0%)

Mixed hyperintense 87 (82.9%) 39 (54.9%) 18 (34.0%)

Margin

Sharp 25 (23.8%) 40 (56.3%) 39 (73.6%)

Indistinct 80 (76.2%) 31 (43.7%) 14 (26.4%)

Maximal size (cm) 4.91§1.61 4.02§1.92 3.23§1.62

Contrast

enhancement

Non-enhancement 2 (1.9%) 21 (29.6%) 34 (64.1%)

Mild 44 (41.9%) 42 (59.2%) 17 (32.1%)

Moderate 57 (54.3%) 6 (8.4%) 2 (3.8%)

Extreme 2 (1.9%) 2 (2.8%) 0 (0%)

Ipsilateral

mylohyoid

Enlarged 52 (65.0%) 0 (0) 0 (0)

Atrophic 28 (35.0%) 45 (100%) 42 (100%)

Ipsilateral

hyoglossus

Enlarged 46 (64.8%) 0 (0) 0 (0)

Atrophic 25 (35.2%) 42 (100%) 33 (100%)

Tumor recurrence 0 0 2

Lymph node

metastasis

5 3 3

Recurrence and

metastasis

1 0 0

Complication

Hematoma 4 0 0

Serous retention 8 0 0

T1WI, T1-weighted image; T2WI, T2-weighted image.
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were identified. The inclusion criteria were (1) a histo-

pathologic diagnosis of tongue cancer and (2) primary

tongue cancer with initial flap reconstructive surgery. The

exclusion criteria were (1) poor-quality MRI scans

(including severe susceptibility or motion artifacts) and

(2) absence of follow-up MRI scans.

As a result, 115 patients (76 males and 39 females; age

52.3 § 11.8 years; range 22�82 years) were included in

the study. In total, 67 patients were treated with LRFs (10

cases with pectoralis flaps, 37 cases with tongue flaps,

and 20 cases with buccal flaps) and 48 cases were treated

with FFs (25 cases with radial forearm flaps and 23 cases

with anterolateral thigh flaps).

The time intervals between the initial surgery and post-

operative MRI examination ranged from 14 days to 48

months. We divided the cases on the basis of the time

frame of follow-up MRI into 3 groups: 0 to 4 months, 5

to 12 months, and 13 to 48 months after surgery.

MRI techniques
MRI examinations were performed by using a dedi-

cated head matrix coil on a 3.0 Tesla MRI system

(MAGNETOM Verio; Siemens Healthcare, Erlangen,

Germany) and a 1.5-Tesla MRI system (Signa Infinity

Twinspeed; GE Medical Systems, Boston, MA).

MRI protocols included axial gradient-echo T1-

weighted imaging (TR/TE 560 ms/20 ms); axial and

coronal turbo spin-echo T2-weighted imaging with fat

suppression (TR/TE 4600 ms/89 ms), and gradient-

echo contrast-enhanced T1WI (TR/TE = 520 ms/2.5

ms) or turbo spin-echo contrast-enhanced T1WI (TR/

TE = 500 ms/10.2 ms) in 3 planes. All sequences were

uniform, with a field of view (FOV) of 220

mm £ 220 mm and slice thickness of 5 mm with an

intersection gap of 1 mm.

In all patients, contrast-enhanced T1-weighted

images (T1WIs) were obtained after injection of gado-

pentetate dimeglumine (Gd; Magnevist, Berlex Imag-

ing, Wayne, NJ) at a dose of 0.1 mmol/kg of weight.

Data processing
Two radiologists (with 30 and 9 years of experience)

who were blinded to the surgical procedures evaluated

the MRI data individually. The senior radiologist made

the final decision when there was disagreement. Signal

intensity, margins of the flap, maximal size, contrast

enhancement, morphology of the ipsilateral mylohyoid

and hyoglossus muscles, tumor recurrence, lymph

node metastasis, and complications were evaluated.

The signal intensity was classified on T1- and T2-

weighted imaging as isointense or mixed hyperintense

(hyperintense lesions with strip and flake isointense stria-

tions) compared with the muscles of the neck. The mar-

gin of the flap was characterized as sharp or indistinct.

Maximal size was measured and selected from 3 planes.
Contrast enhancement was defined as nonenhancement,

mild enhancement, moderate enhancement, or extreme

enhancement relative to the nonenhanced appearance of

normal muscles in the neck.21 Enhancement patterns

included strip and flake striations and ring-like patterns.

The morphologies of the ipsilateral mylohyoid and hyo-

glossus muscles were compared with the contralateral

structures and characterized as enlarged or atrophic.

Tumor recurrence, lymph node metastasis, combined

recurrence and metastasis, and complications (hematoma

and/or serous retention) were confirmed on the basis of

pathologic and clinical information.
Data analysis
Data for the quantitative parameter of maximal size are

presented in Table I as mean § standard deviation

(SD). Comparisons of maximal size values between

patients with LRF reconstructive surgery and those

with FF reconstructive surgery were made with t tests.



Table III. MRI features of local-regional flap and free

flap reconstruction in the period of 5-12

months

Locoregional

flap

Free flap Total P
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Comparisons of the categorical variables were made

with either Pearson’s x2 test or Fisher’s exact test. Sta-
tistical analysis was conducted by using SPSS software

version 24.0 (IBM, Armonk, NY). A P value less than

.05 was defined as a significant difference.
Signal intensity: T1WI

Isointense 38 0 38 <.001

Mixed hyperintense 6 27 33

Signal intensity: T2WI

Isointense 32 0 32 <.001

Mixed hyperintense 12 27 39

Margin

Sharp 20 20 40 .018

Indistinct 24 7 31

Maximal size (cm) 3.60 § 2.21 4.71 § 1.02 .017

Contrast enhancement

Non-enhancement 10 11 21 .362

Mild 28 14 42

Moderate 4 2 6
RESULTS
Table I provides a summary of the MRI features of

flaps for the periods 0 to 4 months, 5 to 12 months, and

13 to 48 months. Tables II, III, and IV summarize the

MRI features of LRFs and FFs in the 3 different peri-

ods 0 to 4 months, 5 to 12 months, and 13 to 48 months.

The variations in numbers of cases over the 3 periods

represent patients lost to follow-up.

The signal intensities of LRFs and FFs in both T1WIs

and T2WIs were significantly different in all 3 periods (all

P < .001). The majority of LRFs showed isointensity on
Table II. MRI features of local-regional flap and free flap

reconstruction in the period of 0-4 months

Locoregional

flap

Free flap Total P

Signal intensity: T1WI

Isointense 45 0 45 <.001

Mixed

hyperintense

8 52 60

Signal intensity: T2WI

Isointense 18 0 18 <.001

Mixed

hyperintense

35 52 87

Margin

Sharp 9 16 25 .097

Indistinct 44 36 80

Maximal size

(cm)

4.38§ 1.84 5.44 §1.11 .001

Contrast enhancement

Non-

enhancement

1 1 2 .410

Mild 19 25 44

Moderate 31 26 57

Extreme 2 0 2

Ipsilateral mylohyoid

Enlarged 29 23 52 .851

Atrophic 15 13 28

Ipsilateral hyoglossus

Enlarged 27 19 46 .587

Atrophic 13 12 25

Tumor

recurrence

0 0 0

Lymph node

metastasis

2 3 5

Recurrence and

metastasis

0 1 1

Complication

Hematoma 2 2 4 .679

Serous

retention

5 3 8

P values in bold type: Statistically significant difference.

T1WI, T1-weighted image; T2WI, T2-weighted image.

Extreme 2 0 2

Ipsilateral mylohyoid

Enlarged 0 0 0

Atrophic 29 16 45

Ipsilateral hyoglossus

Enlarged 0 0 0

Atrophic 26 16 42

Tumor recurrence 0 0 0

Lymph node metastasis 1 2 3

Recurrence and

metastasis

0 0 0

Complication

Hematoma 0 0 0

Serous retention 0 0 0

P values in bold type: Statistically significant difference.

T1WI, T1-weighted image; T2WI, T2-weighted image.
T1WIs in all 3 periods. Most LRF cases had mixed hyper-

intense signals at 0 to 4 months and isointense signals in

the 5- to 12-month and 13- to 48-month periods postopera-

tively on T2WIs (Figure 1). However, all FF reconstruc-

tions had mixed hyperintense signals in all periods on both

T1WIs and T2WIs, which explains the significance of dif-

ferences between LRFs and FFs. The mixed hyperintensity

of FFs on both T1WIs and T2WIs included strip and flake

isointense muscular striations (Figure 2). In particular, 18

of the 52 FF cases classified as mixed hyperintensity

showed areas of obvious hyperintensity on T2WIs at 0 to 4

months after surgery, and this may be related to ischemia,

edema, inflammation, and hemorrhage.

The margins of both LRFs and FFs were mostly indis-

tinct in the period 0 to 4 months after surgery and not sig-

nificantly different (P = .097) as depicted in Figure 1.

Both types of flaps tended to have sharper margins in the

later periods, but FFs were significantly more likely than

LRFs to produce sharp margins (P � .018). The maximal

size of the LRF was significantly smaller than that of the

FF in all 3 time frames (P � .017). Both types of flaps



Table IV. MRI features of local-regional flap and free

flap reconstruction in the period of 13-48

months

Locoregional

flap

Free flap Total P

Signal intensity: T1WI

Isointense 37 0 37 <.001

Mixed hyperintense 1 15 16

Signal intensity: T2WI

Isointense 35 0 35 <.001

Mixed hyperintense 3 15 18

Margin

Sharp 24 15 39 .017

Indistinct 14 0 14

Maximal size (cm) 2.58 § 1.34 4.87 § 0.97 <.001

Contrast enhancement

Non-enhancement 24 10 34 1.0

Mild 12 5 17

Moderate 2 0 2

Extreme 0 0 0

Ipsilateral mylohyoid

Enlarged 0 0 0

Atrophic 33 9 42

Ipsilateral hyoglossus

Enlarged 0 0 0

Atrophic 24 9 33

Tumor recurrence 2 0 2

Lymph node metastasis 3 0 3

Recurrence and

metastasis

0 0 0

Complication

Hematoma 0 0 0

Serous retention 0 0 0

P values in bold type: Statistically significant difference.

MRI, magnetic resonance imaging; T1WI, T1-weighted image;

T2WI, T2-weighted image.
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shrank gradually between the first and second periods

(see Figures 1 and 2), but the average size of FF recon-

structions did not decrease between the 5- to 12-month

and 13- to 48-month periods.

The contrast enhancement of both LRFs (see Figure 1)

and FFs (see Figure 2) gradually became less intense over

the 3 periods of follow-up (P � .362). Three cases of LRF

showed mild ring-like enhancement at 5 to 12 months (1

case) or at 13 to 48 months (2 cases). All FFs depicted strip

and flake striations of contrast enhancement in all 3 time

frames. The majority of LRFs and FFs were characterized

by enlargement of the ipsilateral mylohyoid and hyoglos-

sus muscles at 0 to 4 months, but there was no significant

difference between the types of flap in either muscle (P �
.587). After 4 months, however, all cases of LRF and FF

reconstructions were atrophic in both muscles (see

Figure 1).

Recurrence of tongue cancer occurred in 2 LRF

cases at 13 to 48 months at the inferoposterior interface

of the flap and the residual tongue tissue. However,
recurrent lingual carcinoma occurred in association

with a metastasis to the lymph nodes in 1 FF case in

the first period. Lymph node metastasis by itself was

more common and occurred in the first 2 periods in

both types of flaps and in the 13- to 48-month period in

3 LRF cases. One case of metastasis to the ipsilateral

parotid lymph node occurred 3 years after surgery.

Hematoma (4 cases characterized by hyperintensity on

T1WIs) and serous retention (8 cases) occurred in the

first period only (see Figure 2). There was no signifi-

cant difference in the proportions of hematoma and

serous retention between LRFs and FFs (P = .679).

DISCUSSION
We demonstrated that some MRI features were signifi-

cantly different between LRFs and FFs after flap recon-

structive surgery for tongue cancer. Most cases

reconstructed with LRFs demonstrated isointensity with

the neck muscles on T1WIs but mixed hyperintensity on

T2WIs at 0 to 4 months after surgery. The main structure

in the LRFs is the muscular component. Therefore, postop-

erative ischemia, edema, inflammation, and hemorrhage

might increase the water content in the flap, especially in

the period 4 to 6 weeks postoperatively.22,23 Increased

moisture could prolong both the T1 and T2 of flap tissues,

which causes the difference in signal intensity on T1WIs

and T2WIs. In contrast to LRFs, all FF cases had mixed

hyperintense signals in both T1WIs and T2WIs. This may

be attributed to the fat composition of the free flap, inter-

mixed with strip and flake isointense muscular striations.

The margins of both LRFs and FFs ranged from

sharp or well-defined to indistinct or ill-defined. A sig-

nificantly greater number of FFs showed sharper mar-

gins compared with LRFs after the first 4 months.

These results could be explained by the inherent differ-

ences in the histology and healing patterns between the

2 types of flaps. LRFs mainly exhibited the intensity of

the muscle, mimicking the signal intensity of the

tongue muscle, and, therefore, were difficult to identify

in the tongue. In contrast, the FF, with its fat composi-

tion and mixed signal intensity, could be easily distin-

guished from adjacent anatomic structures. Moreover,

some LRFs showed more ill-defined margins in the

later period (13�48 months) as a result of atrophy.

The maximal size of both LRFs and FFs gradually

became smaller, which may be attributed to the dener-

vation of muscles. Chronic denervation is characterized

by muscular striations, which change the T1WI pattern

from isointensity to hyperintensity.24,25 FFs were sig-

nificantly larger than LRFs in all 3 periods because FFs

were taken from distant sites with adequate muscular

tissue, whereas the LRFs were taken from the restricted

area around the tongue. In addition, the more muscular

component of LRFs led to more significant shrinkage

during the follow-up periods compared with that of



Fig. 1. A 44-year-old man with cancer in the left body of the tongue following locoregional flap reconstruction. Parts A through E

were obtained 1 month (in the period 0�4 months) after surgery. The flap shows isointensity with muscle on axial T1-weighted

images (T1WIs), as indicated by the white arrow in (A) and hyperintensity on axial fast-spin (fs) T2-weighted images (T2WIs),

as indicated by the white arrow in (B). Contrast-enhanced axial fast-spin T1-weighted images (T1WIs) (C) and coronal fs-T1WIs

(D) demonstrate moderate enhancement with indistinct borders, as indicated by the white arrows. On coronal fs-T2WIs (E), the

enlarged left hyoglossus muscle shows hyperintensity (white arrow). Part F was obtained 7 months (in the period 5�12 months)

after surgery. The left mylohyoid muscle shows atrophy (white arrow) compared with the normal-appearing right mylohyoid mus-

cle (red arrow) on coronal fs-T2WIs. Part G was obtained 28 months (in the period 13�48 months) after surgery. The flap demon-

strates isointensity and atrophy (white arrow) on axial T1WIs.
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FFs, which were substantially unchanged in maximal

size. Tarsitano et al. suggested that individual tissue

healing processes can also lead to flap shrinkage.26

Degrees of contrast enhancement of flaps varied

from nonenhancement to extreme enhancement. We

found that enhancement of both LRFs and FFs
decreased in the follow-up periods. The reduction in

enhancement of the flaps was correlated with decreased

volume of denervated muscle and enlarged interstitial

space.23,27,28 As previously reported, nonenhancement

and delayed enhancement of flaps are the result of vas-

cular dysfunction and fibrous connective tissue



Fig. 2. A 40-year-old man with cancer in the right body of the tongue after free flap reconstruction. Parts A through E were

obtained 27 days (in the period 0�4 months) after surgery. The flap shows mixed hyperintensity on axial T1-weighted images

(T1WIs) in (A) and axial fast-spin (fs) T2-weighted images (T2WIs) (B). Strip and flake muscular striations appear as isointense

with muscle on axial T1WIs (A), as indicated by the white and red arrows, The corresponding axial fast-spin (fs) T2WI (B) shows

isointensity (white arrow) with some areas of hyperintensity (red arrows). Subcutaneous effusion is seen in the maxillofacial

regions on the right side. Strip and flake muscular striations are seen on axial contrast-enhanced fs-T1WIs (C), as indicated by the

white and red arrows and coronal contrast-enhanced fs-T1WIs (D), as indicated by the white arrows. In part E, serous retention

displays as a ring-like enhancement at the posterolateral aspect of the right carotid sheath on axial contrast-enhanced fs-T1WIs

(white arrow). Part F was obtained 8 months (in the period 5�12 months) after surgery. Axial T1WI (F) shows absorption of

serous retention and the flap demonstrates mixed hyperintensity and atrophy with reduction of muscular striations (white arrow).
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formation.22,29,30 We also found mild ring-like

enhancement of flaps with isointensity to muscle on

T2WIs in our study, which might be related to postop-

erative scar formation and shrinkage.23

The ipsilateral mylohyoid and hyoglossus muscles

showed enlargement in most cases of both LRFs and FFs

as a result of swelling in the 0- to 4-month period (most

prominently at 1�1.5 months), but there was no signifi-

cant difference in the proportion of enlarged and atrophic

changes between the 2 types of flaps. All flaps of both

types had become shrunken at 5 to 12 months and 13 to

48 months postoperatively. We believe that extrinsic

muscle atrophy was a result of denervation because of the

damage to the hypoglossal nucleus or hypoglossal nerve

during surgery. As a result, the water of damaged muscles

shifted from the intracellular space to the extracellular

space.23,27 The variable characteristics of signal intensity
on T2WIs might reflect vascular damage, neovasculariza-

tion, and denervated muscles.

Tongue cancer may recur within weeks to years

postoperatively and may display MRI manifestations

similar to those of the primary tumor.30 Previous stud-

ies have indicated that the tongue has a rich lymphatic

drainage system with abundant interconnectivity.31

Metastasis of tongue cancer tends to involve level I, II,

and III cervical lymph nodes. In one of our cases, ipsi-

lateral parotid lymph node metastasis was found 3 years

after surgery. The recurrence of tongue cancer produ-

ces moderately high signal intensity on T2WIs without

a definite muscular component. Compared with flap tis-

sue, recurrent tumor had greater volume, more indis-

tinct margins, and more obvious enhancement over

time. Our study also found that recurrence of tongue

cancer was at the inferoposterior interface of the flap
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and the residual tongue tissue, which is consistent with

previous research.23

In patients undergoing flap reconstruction surgery,

complications such as hematoma, serous retention,

abscess, necrosis, infection, and fistula, should be

assessed carefully.30 They often occur in the early

period after surgery. In this study, 4 cases of hematoma

in the area of surgery showed hyperintensity on

T1WIs, probably because of the lack of methemoglo-

bin.19 We found serous retention displayed as a ring-

like enhancement at 0 to 4 months after surgery. The

hematomas and serous retention eventually were

resorbed during the follow-up period, and no such com-

plications were detected in the later periods.

There are some potential limitations to our study. First,

its retrospective nature may have led to bias in case selec-

tion. Thus, a multicenter prospective investigation with a

larger sample size is required to confirm the findings of

this study and to ensure reproducibility of imaging param-

eters as predictors of clinical outcomes. Second, because

of the short follow-up period, clinical outcomes were not

available. Another potential limitation was that advanced

MRI techniques, such as diffusion-weighted imaging,

were not used in the study.
CONCLUSIONS
This investigation demonstrated that MRI could differenti-

ate LRFs from FFs after reconstructive surgery for tongue

cancer. The main manifestations of LRFs indicated the

muscle component, resulting in a T1WI signal intensity iso-

intense with muscle in the large majority of cases. In con-

trast, FFs produced a mixed hyperintensity on both T1WIs

and T2WIs in every case. Most surgical margins were

indistinct in both flap types in the period 0 to 4 months after

surgery but FFs were significantly more likely than LRFs to

develop sharply defined borders in the later periods. The

maximal size of the LRFs was significantly smaller than

that of the FFs at all periods, but whereas LRFs continued

to shrink with time, FFs, on average, remained the same

size in the last 2 periods. Contrast enhancement of both

LRFs and FFs decreased during the follow-up periods.
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