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Abstract

Objective. Complex soft tissue reconstruction of the head
and neck requires a viable, versatile, and dependable flap.
Free flaps, such as the radial forearm and anterolateral thigh
flap, have been the mainstay of complex head and neck
reconstruction. However, a local pedicled flap, such as the
submental island flap (SIF), could be a more effective and
less demanding alternative. This systematic review and
meta-analysis aim to compare free tissue transfer (FTT)
with the SIF for head and neck reconstruction.

Data Sources. We performed a systematic search in PubMed
and EMBASE databases. Meta-analysis was performed on
outcomes reported in �3 studies.

Review Methods. Candidate articles were assessed for eligibil-
ity by 2 authors. Three authors performed data extraction
and methodological quality of the included studies using the
Newcastle-Ottawa Quality Assessment Form for Cohort
Studies.

Results. The search strategy resulted in 450 studies, of which
7 were included in the analysis, yielding 155 SIF and 198 FTT
cases. Operating time and length of stay were significantly
lower for the SIF than for FTT (P = .05 and P = .0008). There
was no significant difference between the groups for com-
plete flap loss, debulking revisions, and oncologic recurrence.

Conclusion. These results suggest that the SIF reduces length of
stay and operating time as compared with FTT in head and
neck reconstruction. These findings suggest that the SIF can be
considered an alternative reconstructive option to FTT when
evaluating intraoral, lateral facial, skull base, and parotidectomy
defects, given comparable defect size and tumor biology.
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C
omplex soft tissue reconstruction in the head and

neck region requires a viable, versatile, and depend-

able flap for preserving function and providing

adequate coverage. The radial forearm free flap (RFFF)

and anterolateral thigh (ALT) flap are the 2 major work-

horses for head and neck reconstruction, as they are thin

and pliable (Figure 1). Free flap reconstruction requires

microvascular-trained personnel and equipment and has lim-

ited use in patients with systemic disease and those without

adequate recipient vessels. Free flaps are associated with

long operating times, high costs, and lengthy patient recov-

ery.1 Regional flaps generally require shorter operating times,

lower costs, and quicker patient recovery. The pedicled pec-

toralis major flap is a classic pedicled flap for head and neck

reconstruction; however, the flap is bulkier than free flap

alternatives and often requires additional debulking proce-

dures.2 The pedicled submental island flap (SIF) has become

an increasingly popular alternative to free flap reconstruction

for head and neck defects, due to its thinness and pliability.3

The flap is perfused by the submental vessels, which arise

from the facial artery and vein, and the flap can be harvested

in conjunction with a simultaneously performed neck dissec-

tion and utilized as an axial pattern pedicled flap. The SIF

may therefore offer faster operative times and less demand

on surgical equipment as compared with free flaps.

Simultaneously, the SIF is more ideal than the pectoralis

major flap for head and neck reconstruction, as the SIF can

provide adequate cover of the defect while being less bulky

and more pliable than the pectoralis major flap.4
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The aim of this systematic review and meta-analysis was

to investigate if the SIF was associated with shorter operat-

ing times and quicker patient recovery when compared with

free tissue transfer (FTT) alternatives in patients having

head and neck reconstruction where the defect size and

tumor biology would allow both reconstruction methods.

Methods

The systematic meta-analysis was reported in accordance

with the PRISMA statement (Preferred Reporting Items for

Systematic Reviews and Meta-analyses).5 We performed a

systematic search in PubMed and EMBASE databases. The

terms ‘‘submental’’ and ‘‘flap’’ were used. Covidence was

used for the paper selection process. Search results were

imported to systematic review software (Covidence; Veritas

Health Innovation, Melbourne, Australia). Imported cita-

tions were screened for relevance with title and abstract by

2 authors, and relevant articles were then assessed in full

text. Any disagreement between the authors was settled by

consensus.

We included only English-language papers directly com-

paring the SIF with a free flap alternative for head and

neck reconstruction. We excluded all conference abstracts.

We performed a meta-analysis only if �3 studies had

data for that outcome. If only median and range were pro-

vided, we converted the values to mean and standard

deviation, as described elsewhere (http://vassarstats.net/

median_range.html).6

We extracted the following data from each study:

number of patients, defect site, free flap alternative, length

of hospital stays, operative time, flap size, flap loss (com-

plete/partial), donor wound complications, debulking revi-

sions, and recurrence. We contacted all corresponding

authors of the included studies by email and asked for miss-

ing details in their studies. We sent a reminder 4 weeks

after the initial request. None of the authors replied.

Data were pooled with random effects meta-analysis to

determine the standardized mean differences (continuous

outcomes), risk differences (dichotomous outcomes), and

95% CIs. We used RevMan 5.3 for statistical analysis.7

Methodological quality of the included studies was

assessed with the Newcastle-Ottawa Quality Assessment

Form for Cohort Studies, which is recommended by

Cochrane for evaluation of nonrandomized cohort studies.8

The form uses a star rating for evaluating bias within 3

domains: selection of study groups, comparability of study

groups, and outcome assessment. Bias analysis was conducted

by 2 independent authors (M.G.J., S.T.). Discrepancies in

rating were resolved by consensus with a third author

(N.M.T.).

Results

The search strategy resulted in 450 studies, of which 18

were selected for full-text screening and 7 were included in

the analysis (Figure 2). Table 1 summarizes the character-

istics of each study. All studies used the SIF or free flap

alternative for oral or lateral skull/parotidectomy defect

reconstruction. The sample size of included studies ranged

from 9 to 45 for the SIF group and 12 to 54 for the free flap

group, yielding 155 patients and 198 patients, respectively.

Four studies provided a breakdown of patients receiving

radiation and chemotherapy, and there were no differences

in the distribution between the SIF and FFT groups.9-12

Operative Time

Two studies presented data regarding operative time,9,13

and 1 study presented data that needed conversion for

the random effects meta-analysis12 (80 SIFs vs 108 FFTs).

The pooled mean difference in operating time between the

groups was 2170.44 minutes (95% CI, 2219.25 to

2121.62; Figure 3A). The SIF group had a statistically

significant shorter operative time than the FFT group

Figure 1. Submental island flap (A), radial forearm free flap (B), and anterolateral thigh flap (C).
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(diamond; standardized mean difference, –2.54 minutes;

95% CI, 25.04 to 20.04; P = .05). There was very high

heterogeneity among studies (tau2 = 4.71). The remaining 4

studies all presented insufficient data for meta-analysis, but

they all showed a statistically significant shorter operative

time in the SIF group versus the FFT group.

Length of Stay

One study provided full details regarding hospital stay9; 2

other studies presented data that allowed for conversion,

which enabled the random effects meta-analysis12,13 (80

SIFs vs 108 FFTs). The pooled mean difference on length

of stay between the groups was –2.50 days (95% CI, 24.05

to 20.94; Figure 3B). The difference between the groups

was statistically significant in favor of shorter hospital

admissions for the SIF (diamond; standardized mean differ-

ence, –0.64 days; 95% CI, 21.02 to 20.27; P = .0008).

There was low heterogeneity (tau2 = 0.03). Three other

studies reported insufficient data regarding length of stay to

be used in the meta-analysis. One showed significantly

shorter hospital stays in the SIF group,10 whereas the 2

other studies showed no significant difference.11,14

Flap Size

Three studies compared flap size between the groups (74

SIFs vs 118 FFTs).9,13,14 The pooled mean difference

between the groups was –8.90 cm2 (95% CI, 224.51 to

6.70; Figure 3C). In 2 studies,9,14 the SIF was compared

with the RFFF, whereas in 1 study, the SIF was compared

with the ALT flap. The last study had a major difference in

the size of the flaps in the 2 groups.13 The pooled mean dif-

ference between the groups was –0.83 cm2 (95% CI, 21.14

to 20.51; P \ .00001). The heterogeneity was low (tau2 =

0.00). Two studies presented insufficient data regarding flap

size to perform a meta-analysis. Both studies compared the

SIF with RFFF. One study showed a significant difference

in flap size, with the RFFF being larger than the SIF,10 and

the other study showed no difference in flap size.11 Two

studies did not address flap size.

Flap Loss

Five studies reported on flap loss (94 SIFs vs 144

FFTs).10,11,13-15 There was a significantly increased risk of

partial flap loss with the SIF versus FFT (risk difference,

0.07; 95% CI, 0.01 to 0.13; P = .03). The heterogeneity was

low (tau2 = 0.00; Figure 4A). There was no significant dif-

ference in complete flap loss between the SIF and FFT (risk

difference, 20.02; 95% CI, 20.06 to 0.02; P = .37). The

heterogeneity was low (tau2 = 0.00; Figure 4B). The

remaining 2 studies did not report on partial or complete

flap loss.

Debulking Revisions

Three studies reported on the number of debulking revisions

(44 SIFs vs 75 FFTs).12-14 There was no statistically signifi-

cant difference in the number of flaps requiring debulking

revisions between the SIF and FFT groups (risk difference,

20.24; 95% CI, 20.89 to 0.41; P = .47). There was great

heterogeneity in the reporting studies (tau2 = 0.32; Figure
4C). One study compared the SIF with the RFFF, where

none of the RFFFs required debulking but 3 of the SIFs

were debulked.14 Howard et al compared the SIF with the

ALT flap, where all ALT flaps required at least 1 debulking

procedure and only 1 SIF was debulked.12 Patel et al com-

pared the SIF with a mixed group of free flaps (predomi-

nantly ALT flaps, 49 of 54 flaps), where none of the

SIFs required debulking but 9.2% of free flaps were

debulked.13 The remaining 4 studies did not address debulk-

ing revisions.

Donor Site Wound Complications

Four studies reported on donor site wound complications

(67 SIFs vs 111 FFTs).10,11,13,14 Donor site wound compli-

cations included minor wound dehiscence, hematoma, and

wound infection. There was a trend toward less donor site

wound complications for the SIF group as compared with

the FFT group (risk difference, 20.12; 95% CI, 20.24 to

0.01; P = .07). The heterogeneity was low (tau2 = 0.01;

Figure 4D). The remaining 3 studies did not report on

donor site wound complications.

Recurrence

Four studies presented useful data regarding local, regional,

and distant metastasis (103 SIFs vs 144 free flaps)9-11,13

(Figure 5). There was no statistically significant difference

in any form of recurrence: local (risk difference, 20.02;

95% CI, 20.10 to 0.06; P = .65), regional (risk difference,

20.03; 95% CI, 20.09 to 0.03; P = .28), or distant (risk dif-

ference, 0.08; 95% CI, 20.03 to 0.19; P = .16). The hetero-

geneity was low between the SIF and FFT groups for each

category (tau2 = 0.00). The 2 remaining studies did not pres-

ent recurrence data.12,14 Furthermore, Liu et al showed no

276 duplicates

450 abstracts retrieved

18 full-text articles retrieved

432 not relevant:
- case reports
- conference abstracts
- non-English paper
- study objective

7 studies included for meta-analysis

4 study design
4 conference abstracts
1 intervention
1 no relevant outcomes
1 no comparison group

726 records identified via PubMed and EMBASE

Figure 2. Study selection.
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significant difference in disease-free survival between the

SIF and FTT.15 The remaining 3 studies did not report on

local, regional, or distant recurrence.

Bias Evaluation

According to the Newcastle-Ottawa form, 6 studies scored 7

points and 1 study 5 points (Table 2). Six studies scored

points for having representative exposed and unexposed

cohorts, using secure records for ascertainment of expo-

sures, controlling for disease-specific confounders, linking

surgical records for assessment of outcomes, and having ade-

quate length and completeness of follow-up for outcomes to

occur. One study did not specify how outcome was assessed

or the length of follow-up. None of the included studies com-

pared cohorts on the basis of marital status or demonstrated

whether the outcomes of interest were present at the start of

the study.

Discussion

Until recently, free flaps were the most frequently used

reconstructive options for complex head and neck defects.

Innovative regional pedicled flaps such as the SIF are

quickly emerging as an important tool in the armamentar-

ium of head and neck surgeons. The SIF offers several

Figure 3. Forest plot for operative time (A), length of stay (B), and flap size (C). FFT, free tissue transfer; SIF, submental island flap.

Table 1. Study Characteristics.a

Outcomesb

Sample Size Flap Loss Recurrence

Study Country Defect Site SIF Free Flap OP LOS Flap Size Donor Site DBLK COMP PART LOC REG DIST

Aslam-Pervez11 USA Oral 12 12 – – – 1 – 1 1 1 – 1

Forner14 Canada Oral 9 12 – – 1 1 1 1 1 – – –

Howard12 USA Lateralc 16 9 * * – 1 1 – – – – –

Kramer9 Germany Oral 45 45 1 1 1 – – – – 1 1 –

Liu15 China Oral 27 33 – – – – – 1 1 – – –

Patel13 USA Lateralc 19 54 1 * 1 1 1 1 1 1 1 1

Paydarfar10 USA Oral 27 33 – – – – – 1 1 1 1 1

Abbreviations: COMP, complete; DBLK, debulking; DIST, distant; LOC, local; LOS, length of stay; OP, operating time; PART, partial; REG, regional; SIF, sub-

mental island flap.
aAll included studies were nonrandomized and retrospective in study design.
bOutcomes: 1, reported in mean and SD; *, reported in median and range and converted to mean and SD; –, not reported.
cLateral skull.
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benefits when compared with FFT, such as shorter operation

time and patient recovery, without compromising oncologic

safety and donor site morbidity.

This is the first systematic review and meta-analysis to

compare the outcomes of the SIF and free flap alternatives.

In this systematic review and meta-analysis, we found both

length of hospital stay and operative time reduced for the

SIF when compared with FTT. We found high heterogeneity

among studies reporting operating time, which may be

attributed to the fact that how it was measured was not stan-

dardized among them. The decreased operative time for the

SIF can partially be attributed to the avoided microsurgical

anastomosis. Perioperative morbidity is known to increase

with operative time,16,17 thus raising the overall cost of

care.18 For FTT, a 2-team approach is often utilized to pro-

mote time efficiency and reduce operative time but is

associated with additional cost. The included studies did not

provide adequate information for a cost analysis; however,

it is likely that a decrease in staff, operating time, and hos-

pital admission would also translate into decreased health

care costs for the SIF versus FTT. We found low heteroge-

neity among studies reporting length of hospital stay, which

suggests that the studies used similar measurements of

length of stay. This is compatible with the decreased hospi-

tal costs associated with SIF reconstruction as compared

with the RFFF reported by Forner et al.14

Interestingly, we found that the SIF was associated with

increased partial flap loss but with no complete flap losses.

There were a few complete flap losses for the free flap

reconstructions, but this difference was not statistically sig-

nificant when compared with the SIF group. The supraclavi-

cular island flap is another regional pedicled flap used for

Figure 4. Forest plot for partial flap loss (A), complete flap loss (B), debulking revisions (C), and donor site complications (D). FFT, free
tissue transfer; SIF, submental island flap.
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lower head and neck reconstruction. Our findings are similar

to what was recently described for the supraclavicular island

flap when compared with free flaps.19

A potential cosmetic advantage of the SIF over the ALT

for lateral facial or parotidectomy defects is the unrivaled

color match.12 However, the submental area for males is

usually very hairy, which can be a disadvantage, especially

for intraoral reconstructions.9 This can often be managed by

laser de-epilation of the SIF.20 In myocutaneous flaps, an

ideal solution to combat unwanted hair is de-epithelization

of the flap,21 as the skin is not necessary.22

The primary lymphatic drainage of floor of mouth can-

cers is through submental (level Ia) and submandibular

(level Ib) lymph nodes. Dissection and raising of the SIF

Figure 5. Forest plot for local (A), regional (B), and distant recurrence (C). FFT, free tissue transfer; SIF, submental island flap.

Table 2. Newcastle-Ottawa Quality Assessment Form for Cohort Studies.a

Selectionb,c Outcomeb

Study

Representativeness

of the Exposed

Cohort

Selection of

Nonexposed

Cohort

Ascertainment

of Exposure Comparabilityd

Assessment

of Outcome

Follow-up

Long Enough

Adequacy of

Follow-up Total Scoree

Paydarfar10 w w w w w w w 7

Patel13 w w w w w w w 7

Liu15 w w w w w w w 7

Howard12 w w w w w w w 7

Kramer9 w w w w w w w 7

Forner14 w w w w w 5

Aslam-Pervez11 w w w w w w w 7

aAll included studies were nonrandomized and retrospective in study design.
bMaximum score: 1.
cOutcome of interest not present at start of each study.
dComparability of cohorts on the basis of the design or analysis. Maximum score: 2.
eMaximum score: 9.
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could therefore theoretically compromise the neck dissec-

tion and precipitate transfer of malignant tissue to the

defect. This previously led to concerns regarding the safety

of using this flap in the setting of potential level 1 lymph

node metastasis.23 However, it was recently shown that the

SIF can safely be elevated while clearing the level 1 lymph

nodes, without sacrificing oncologic safety.24,25 This is also

in accordance with this meta-analysis, showing similar

oncologic outcomes in the SIF and FTT groups. Due to the

potential risk of transferring malignant tissue to the defect,

the SIF is not recommended in clinically advanced nodal

disease in the neck (.N1).26

This review has some limitations. The included studies

were all retrospective nonrandomized studies, and the

included studies did not clarify why one flap was chosen

over the other. Thus, it is not possible to ascertain whether

the defects were comparable between the SIF and FTT

groups. Presumably, the flap size can be used as a surrogate

for defect size and tumor aggressiveness. In this synthesis,

we found that the SIF was significantly smaller than FTT,

which may suggest that FTT was used as cover for larger

defects and more aggressive tumors when compared with

the defects and tumors resected in the SIF cases. The

included studies specified only the anatomic site of the

defect, not the extent of the defect, whether the defects

could have been covered with either a SIF or FTT, and

whether one was chosen over the other. There was a signifi-

cant flap size difference between the SIF and FTT groups,

which could suggest a risk of selection bias. The outcome

parameters, such as operative time measurements, were not

standardized and not necessarily identical among studies.

Unfortunately, several studies reported on only a few out-

comes or only means without any form of distribution data,

rendering the data useless for inclusion in meta-analysis.

The indication for reconstruction varied among the studies,

with a variety of intraoral defects included as well as vari-

able lateral facial, skull base, and parotidectomy defects

included. While this indicates a versatile and dependable

SIF, the data do not allow for stratification by indication or

type of defect, due to the limited number of included stud-

ies. The results should therefore be viewed with caution, as

included studies were of limited quality. Future studies are

encouraged to elucidate the comparability of the SIF and

FTT in covering defects of similar size to allow either

reconstructive method, preferably through randomization.

Conclusion

The included nonrandomized and retrospective studies sug-

gest that the SIF is associated with shorter operating times

and quicker patient recovery without compromising oncolo-

gic safety and donor site morbidity as compared with FTT

alternatives in head and neck reconstruction. These findings

suggest that the SIF is a viable, versatile, and dependable

flap and should be added to the surgical repertoire when

evaluating intraoral, lateral facial, skull base, and parotidect-

omy defects.
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