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Abstract
There are around 2,500 new cases of oral cavity squamous cell carcinoma (OSCC) reported yearly within Australia. Resection 
often leads to substantial defects, requiring complex reconstruction. The aim of this study was to examine how reconstruction 
at a dedicated head and neck cancer unit has evolved over a 30-year period. A retrospective review was conducted of all OSCC 
carcinoma cases performed from 1988 to 2017. Data was analysed in six-time periods; pre-1995, 1995–1999, 2000–2004, 
2005–2009, 2010–2014, and 2015 and above. A total of 903 patients were identified, of which 56.1% (n = 507) underwent 
free flap reconstruction including 426 (84.0%) soft tissue free flaps (STFF) and 81 (16.0%) bony free flaps (BFF). STFF 
usage remained stable over time. The radial forearm was the most common free flap but declined over time with increas-
ing use of the anterolateral thigh flap. The number of BFF increased from 5.0% before 1995 to 20.4% in 1995–2015. The 
tongue was the most common subsite, followed by the floor of mouth. Free flaps were utilised in more than 50% of OSCC 
reconstructions at each time period. Over time, the proportion of different STFF evolved towards increased use of the ALT 
flap and BFF within our institution. Level of evidence: Level four.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most common 
mucosal malignancy in the head and neck region, account-
ing for over 300,000 new cases globally in 2012 [1]. It is the 

11th most common cancer worldwide, and approximately 
30% of those affected will die of locoregional recurrence or 
distant metastases [2]. Common risk factors for the devel-
opment of OSCC include smoking, alcohol consumption, 
and betel nut chewing [3]. Whilst the incidence of OSCC 
is declining overall, there has been an increase in incidence 
of squamous cell carcinoma (SCC) of the mobile tongue in 
young adults [4, 5]. The driving mechanisms behind this 
increase remain unclear [6].

The mainstay of treatment for OSCC is surgery with or 
without adjuvant radiotherapy [7]. Patients often require 
wide surgical resections that result in large defects. Recon-
structive surgery is used to optimise healing, assist speech 
and swallowing, and improve aesthetic outcomes [8]. The 
choice of closure is largely dependent on the size of the 
surgical defect, location of the resected primary, and type 
of tissue required, as well as institutional and patient fac-
tors. Options range from primary closure, local flaps, and 
regional flaps to free flaps [9]. Microvascular free tissue 
transfer is the preferred approach for large and complex sur-
gical defects. With advances in microvascular surgery, more 
radical operations for larger tumours have become possible, 
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with improvements in oncological outcomes and quality of 
life [10–12]. The aim of this paper is to review the choice of 
reconstruction for oral cavity defects over a 30-year period 
at a quaternary head and neck referral centre.

Methods

Ethics for this project were approved by the Sydney Local 
Health District (SLHD Ethics Protocol No X16-0367). 
Historical patient records from the Sydney Head and Neck 
Cancer database were analysed, searching for all oral cavity 
resections for OSCC performed at our institution between 
1988 and 2018. The cases were grouped in 5-year block: 
“pre-1995”, “1995–1999”, “2000–2004”, “2005–2009”, 
“2010–2014”, and “post-2015”. Information regarding age, 
sex, stage, location of cancer, and type of reconstruction 
was extracted.

Statistical analysis was carried out using SPSS 20.0 soft-
ware (IBM, Armonk, New York). Categorical variables and 
trends over time were compared with chi-square test.

Results

There were 903 patients identified, including 553 males 
(61.2%) and 350 females (38.8%). The median age was 
63.7 years (IQR = 53.6–72.8 years). The most common sub-
site was the oral tongue (43.4%, n = 392) (Table 1), followed 
by floor of mouth (25.2%, n = 228). The hard palate was 
the least common subsite with only 15 cases (1.7%). Over 
time, there was a non-significant increase in the number of 
cases involving the alveolus and hard palate (p = 0.092). The 
number and percentage of floor of mouth declined, from 45 
(32.4%) in pre-1995 to 20 (18.5%) in the 2015 and above 
group (p < 0.05).

Cancer staging was recorded for 851 of the 903 cases in 
the series. The most common T category was T2 (35.9%), 

followed by T1 (31.4%), T4 (21.9%), and finally, T3 (10.8%). 
T1 tumours were closed primarily in 71.3% (n = 191) of 
cases. T2 to T4 tumours were most frequently closed with 
soft tissue free flaps, ranging from 51.8% of T4 tumours 
to 82.2% of T3 tumours. Bone flaps were only used for T4 
tumours, with 40.8% of T4 tumours closed utilising bone 
containing free flaps. Bone flaps included the fibular free 
flap, osteocutaneous lateral scapula flaps, deep circumflex 
iliac bone flaps, and in one case, a radial bone containing 
forearm free flap.

Microvascular free flap reconstruction was used in 56.1% 
of all cases (n = 507), of which soft tissue free flaps (STFF) 
accounted for 84.0% (n = 426) and bony free flaps (BFF) 
accounted for the remaining 16.0% (n = 81). Local and 
regional flaps were used in 9.7% (n = 63), and primary clo-
sure was used in 33.6% (n = 303). The proportion of patients 
undergoing free flap reconstruction remained stable from 
1995 to 2014 between 51 and 57% but increased to 78% after 
2015. BFF increased over time from 5.0% pre-1995 to 20.4% 
post-2015 (p < 0.001), whilst the use of STFF remained 
between 40.1 and 54.5% for each time-period (Table 2).

The choice of free flaps over this period is presented in 
Fig. 1. The most common STFF overall was the radial fore-
arm free flap (RFFF) at 67.1% (n = 340). However, there was 
a steady decline in the use of RFFF over time (p < 0.001) 
from 89.7% pre-2005 to 46.4% after 2005. The variety of 
free flaps expanded during the 2005–2009 period, includ-
ing the anterolateral thigh flap (ALT), ulnar forearm free 
flap superficial circumflex iliac artery perforator (SCIP) flap, 
medial sural flap, gastro-omental flap, and free flaps of the 
subscapular axis.

For the two most common subsites, the tongue and the 
floor of mouth, we investigated the different reconstructive 
approaches used over time (Table 3). There were 392 cases of 
oral tongue SCC and 223 cases of floor of mouth SCC. Over 
half of the tongue defects were reconstructed with primary 
closure (52.8%, n = 207), whilst most floor of mouth defects 
were reconstructed utilising free flaps (73.2%, n = 167). Over 

Table 1   Subsite of oral cancer by time

FOM, floor of mouth

Subsite Time period (n, % column)

Pre-1995 1995–1999 2000–2004 2005–2009 2010–2014 2015–above Total

Tongue 57 (41.0) 57 (39.3) 64 (42.4) 67 (41.4) 104 (52.5) 43 (39.8) 392 (43.4)
FOM 45 (32.4) 42 (29.0) 40 (26.5) 45 (27.8) 36 (18.2) 20 (18.5) 228 (25.2)
Retromolar trigone 11 (7.9) 10 (6.9) 10 (6.6) 12 (7.4) 7 (3.5) 3 (2.8) 53 (5.9)
Oral lip 10 (7.2) 9 (6.2) 8 (5.3) 7 (4.3) 7 (3.5) 6 (5.6) 47 (5.2)
Alveolus 9 (6.5) 20 (13.8) 15 (9.9) 15 (9.3) 25 (12.6) 22 (20.4) 106 (11.7)
Buccal 6 (4.3) 6 (4.1) 13 (8.6) 14 (8.6) 15 (7.6) 8 (7.4) 62 (6.9)
Hard palate 1 (0.7) 1 (0.7) 1 (0.7) 2 (1.2) 4 (2.0) 6 (5.6) 15 (1.7)
Total (n) 139 (15.4) 145 (16.1) 151 (16.7) 162 (17.9) 198 (21.9) 108 (12.0) 903 (100)
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time, the type of free flap reconstruction remained relatively 
constant (p = 0.90 and p = 0.86, respectively). The most popu-
lar free flap for the tongue was the RFFF, with increasing use 
of the ALT in later time periods. A similar trend was noted for 
floor of mouth reconstruction.

Tumour stage and reconstructive choice was analysed for 
the tongue and floor of mouth (Table 4). As the T category 
increased, STFFs became more prevalent, used in 83.3% of 
T3 and 75% of T4 tongue tumours. T1 tongue cancers were 
mainly closed with primary closure (85.7%). For floor of 
mouth, T1 tumours were reconstructed mainly with either 

primary closure (42%) or STFFs (30%). STFFs were used in 
81.4% of T2 and 72.2% T3 tumours. BFFs were used in 50.0% 
of T4 floor of mouth tumours.

Discussion

This study describing the trends in oral cancer reconstruc-
tion in 903 patients over a 30-year period is the largest 
published single centre series in Australia. Over time, we 

Table 2   Methods of closure for oral cancer defects across each time period (n, % column)

Method of closure Time period

Pre-1995 1995–1999 2000–2004 2005–2009 2010–2014 2015–above Total

Primary closure 50 (36.0) 45 (31.0) 53 (35.1) 53 (32.7) 74 (37.4) 28 (25.9) 303 (33.6)
Skin graft 6 (4.3) 7 (4.8) 7 (4.6) 10 (6.2) 0 (0) 0 (0) 30 (3.3)
Local flaps 3 (2.2) 10 (6.9) 10 (6.6) 16 (9.9) 17 (8.6) 2 (1.9) 58 (6.4)
Regional flaps 2 (1.4) 0 (0) 0 (0) 0 (0) 3 (1.5) 0 (0) 5 (0.6)
Soft tissue free flap 71 (51.1) 79 (54.5) 72 (47.7) 65 (40.1) 83 (41.9) 56 (51.9) 426 (47.2)
Bone free flap 7 (5.0) 4 (2.8) 9 (6.0) 18 (11.1) 21 (10.6) 22 (20.4) 81 (9.0)
Free flap subtotal 78 (56.1) 83 (57.2) 81 (53.6) 83 (51.2) 104 (52.5) 78 (72.2) 507 (56.1)
Total 139 (100) 145 (100) 151 (100) 162 (100) 198 (100) 108 (100) 903 (100)
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Fig. 1   Choice of free flaps at a dedicated head and neck unit over a 
30-year period. RFFF, radial forearm free flap; ALT, anterolateral 
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observe BFF reconstructions were used more frequently 
and the RFFF was used less often.

The tongue is the most common subsite of oral cancer, 
representing 43.4% of all cases in this series (Table 1), 
consistent with international studies [13–16]. The tongue 
is a mobile structure with tissue suitable for primary clo-
sure, especially for early lesions, with resections up to 30% 
able to be closed primarily without significant impairment 
on swallow and speech intelligibility [17]. In keeping with 
this, around half of all oral tongue defects were repaired 
with primary closure in this series (Table 3). Smaller 
lesions in the gingivobuccal sulcus also are amenable to 
this. In contrast, primary closure of tumours occurring in 
the floor of mouth leads to tethering of the tongue to the 
mandible and loss of the normal lingual sulcus causing 
functional impairment. For this reason, free flaps are often 
used to reconstruct defects in this region [18, 19] and were 
used in 73.2% of all floor mouth cases in this series.

The ALT free flap is well known for its versatility in 
head and neck reconstruction and the ability to close the 
donor site primarily [20]. The ALT was first described 
by Song et al. [21] and was shown to have comparable 
outcomes to the RFFF with less donor site morbidity, 
whilst still maintaining a two-team approach [22–24]. 
The above benefits, combined with improved training for 
perforator dissection [25, 26] and increased international 
trends towards microvascular reconstruction as a standard 
component of head and neck surgical training [27, 28], are 
likely responsible for the increasing use of the ALT free 
flap for oral reconstruction. This is seen in Fig. 1, where 
decreasing use of the RFFF was noted with replacement 
mainly by the ALT after the 2005–2009 period. Tension-
free closure and tailored volume restoration achieved by 
free flaps often results in better functional outcomes [19] 
as well as improvements in quality of life [9–12]. Of rel-
evance, the ALT is particularly useful in volume restora-
tion, being less suited to smaller defects. This is likely 
reflected in Table 4 with larger proportions of soft tissue 
free flaps used for more advanced tongue tumours. This 
is in comparison to centres in India, where the pectoralis 
major myocutaneous flap remains the workhorse, with one 
series identifying it used for 60% of all flaps for oral can-
cer reconstruction [29].

The use of free flaps has remained relatively stable 
between the pre-1995 group and the 2010–2014 group at 
51%–57% of oral cavity reconstructions. However, from 
2015 onwards, the use of free flaps increased to 72.2%, 
mainly due to a rise in the number of BFFs (Table 2). 
Over this period, we also noted an increase in T4 tumours, 
and alveolar or hard palate tumours referred to our centre 
(Table 1). Whilst there is no evidence of increased inci-
dence in alveolar or hard palate malignancies globally [30], 
our unit has a special interest in mandibular and maxillary Ta
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reconstruction, with a multidisciplinary team established to 
provide dental and prosthetic rehabilitation utilising com-
plex 3D modelling [31, 32]. This increase likely reflects a 
referral bias to our unit given this focus of our unit. We have 
shown excellent dental rehabilitation within these cases and 
with increasing experience in the use of zygomatic implant 
perforated free flaps, the requirement for BFF maxillary 
reconstruction may decrease in time.

Limitations

This is a single-centre series of a dedicated head and neck 
referral centre over a 30-year period. As such, observations 
should not be generalised to reflect trends in the wider soci-
ety. Our observations may reflect referral bias and biases in 
practices of appointment of staff to the unit. Changes in staff 
over time could also impact with changes in surgical prefer-
ence, such as our increased focus on virtual surgical plan-
ning and dental rehabilitation for oromandibular pathology.

Conclusion

The choice for reconstruction of oral cavity lesions at our 
institution have changed over a 30-year period, incorporat-
ing more BFFs. The choice of STFF has also changed, with 
increasing use of the ALT free flap replacing the RFFF. It 
is likely our trend to free flap utilisation will remain given 
current referral patterns to our centre.
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