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Abstract:

Purpose: The anterolateral thigh flap (ALTF) volume decesm®ver time following
surgery. We aimed to measure and identify riskoiactfor postoperative volume
change of the ALTF.

Methods. We designed and performed a retrospective colodyof patients who
underwent reconstruction of oral and maxillofactfects using ALTFs at the
Department of Oral and Maxillofacial Surgery, Pekigniversity School and Hospital
of Stomatology, between June 2012 and December. 2U&8neasured the volume of
the ALTFs at 1, 3, 6, 12 and 24 months postopeztivthe flap volume 1 month
postoperatively was the baseline. The primary auiwariables were the residual
rates of ALTFs at 3, 6, 12, and 24 months postapety, which were defined as the
ratios between the present volume of each monththedbaseline. The primary
predictor variables were clinical variables thatyrba associated with ALTFs volume
loss. Descriptive and bivariate statistics were potad and thd-value was set at
0.05.

Results: The sample was composed of 70 subjects with a ragarof 53.8 years (46
males and 24 females). The postoperative residias rat 3, 6, 12, and 24 months
were 72.3, 69.0, 67.9, and 68.78spectively, of the baseline volume. Postoperative
radiotherapy B < 0.01) and BMI P = 0.006) were significantly inversely
associated with postoperative ALTF volume loss.

Conclusion: The results of this study suggest that ALTF volusheinkage mainly

developed within 6 months postoperatively, postaies radiotherapy and BMI were



the risk factors. Overcorrection should be perfatre account for the shrinkage of
ALTFs, and postoperative nutrition management igartant to avoid ALTF volume
loss.

Key words: Anterolateral thigh flap, Oral and maxillofacialfdet, Volume change,

Risk factors, Head and neck.



I ntroduction

Simultaneous reconstruction for extensive tisdefects after tumor ablation is
recommended to minimize functional and esthetibl@ms in cases undergoing oral
and maxillofacial surgery [1, 2]. With tremendousprovements made in
microsurgical techniques and instruments over @& 8 decades, free flap transfer
has become a standard and reliable approach fdramch maxillofacial defect
reconstruction [2-6]. Due to its many advantageshsas consistent anatomy of the
main pedicle and variable thickness and volumebmasupplied based on the defect
extent, theanterolateral thigh flap (ALTF) has bweoincreasingly popular among
surgeons since it was described in 1984 by Sorg. 7], is being regarded as a
versatile flap for the reconstruction of oral andxifofacial defects by some
surgeons [8-13].

A soft tissue flap with appropriate volume isia@al for the functional and
esthetic outcomes in oral and maxillofacial defeconstruction [2, 14-16]. However,
postoperative ALTF volume loss is commonly obseriredlinical practice [17-19],
which can markedly affect the speech, swallowing] patient appearance [14, 16].
Therefore, a flap larger than the actual defect mayequired to compensate for the
atrophy of the flap itself.

Although a few studies have reported on the posatpe volume change of
ALTFs and the relevant risk factors, unanimous easss still has not been reached

[17-19]. To our knowledge, no research with a lasgmple size has been conducted



with long-term continuous follow-up regarding thespoperative volume change of
ALTFs. The purpose of this study was to measurd mtentify risk factors
associated with postoperative volume changes of FALT The investigators
hypothesized that postoperative ALTF volume de@eas/er time and some clinical
factors were risk factors. The specific aims of stedy were to estimate the
continuous volume change of the ALTF and identify tisk factors.
Materials and methods
Study design

To address the research purpose, the investigdesgned and performed a
retrospective cohort study. The study populatiors wamposed of patients who
underwent reconstruction of oral and maxillofactfects using ALTFs at the
Department of Oral and Maxillofacial Surgery, Pekigniversity School and Hospital
of Stomatology, between June 2012 and December.2@ll&he surgeries were
performed by a single surgical team. To be incluideithe study sample, patients had
to: (1) undergo reconstruction of oral and maxdél defects using ALTFs, (2) age
> 18 years, (3) ALTFs harvested without muscular ponent, (4) available
postoperative computed tomography, and (5) no sifjmegional infection with
clinical examination and on the CT scan at 1 mquibktoperatively. Patients were
excluded as study subjects if: (1) reconstructi@s \werformed using other kinds of
flap besides the ALTF simultaneously, (2) local ureence occurred during the
follow-up period, or (3) secondary reconstructianegcisional correction of the flap

was performed.



M easurement procedure

Routine CT scans of the head and neck region wafermed at 1, 3, 6, 12, and
24 months postoperatively (field of view, 20 cmichi 1.0; slice, 1.25 mm; 120Y280
mA), and the CT data was imported to the iPlan CBAR5 software (BrainLAB,
Feldkirchen, Germany) in the DICOM format. Firdietborder of the flap on each
axial imagewas manually traced in iplan CMF 3.05. Then, théwsre could
automatically generate the three-dimensional meael calculate the flap volume
(Figure 1). Each of the CT data was measured bydwators (interclass correlation
coefficient = 0.98) and the mean value was adoptedases where the difference
between the measurements was > 10%, an additios@urement was obtained and
the mean value was calculated. Using the 1-monttoperative volume as the
baseline, the residual rates of the ALTFs at 31&%,and 24 months postoperatively
were calculated.
Study variables

Clinical factors that may be associated with thstpperative volume change of
ALTFs were examined as possible predictors, inclgd{(1) demographic factors: age
and gender, (2) factors associated with the p&ig@neral condition and personal
history: diabetes mellitus(DM), hypertension, bodyass index (BMI, kg/f),
smoking status, and alcohol consumption, (3) treatrfactors: primary sites, history
of surgery in the oral and maxillofacial region,spaperative radiotherapy, and
postoperative chemotherapy.

We measured the volume of the ALTFs at 1, 3, 6, at®l 24 months



postoperatively. The flap volume at the 1 monthtgosratively was set as the
baseline, and we defined the “postoperative resicata” as the ratio between the
present volume of each month and the baseline pfliheary outcome variables were
postoperative residual rates at 3, 6, 12, and 24timso

Statistical analysis

The paired samples t-test was used to evaluat@dih& volume change over
time. The independent samples t-test was useddluate the influence of gender,
systematic diseases, smoking status, alcohol cquismm history of surgery,
radiotherapy and chemotherapy on flap volume IDgferent groups of age, primary
site, and BMI were examined using one-way analgtigariance (ANOVA). Factors
with P-value < 0.05 were included in multiple linear reggion models to identify the
significant risk factors associated with volumesla$ ALTFs. Statistical analysis was
performed using SPSS version 22.0 software (SP3fkago, USA). Statistical
significance was considered if tRevalue was < 0.05.

This study was approved by the Ethical Review BoairdPeking University
School and Hospital of Stomatology (PKUSSIRB-20XH). All procedures
conformed to the tenets of the Helsinki Declaration
Results

A total of 70 patients were included in this refrestive study. Among these
patients, 46 were males and 24 were females, thean age was 53.8 years old
(range, 19-79 years). The primary site was theueng 8, the buccal mucosa in 5, the

maxilla in 44, the mandible in 6, and other sites ipatients. The histopathological



diagnosis was squamous cell carcinoma in 41, adengstic carcinoma in 6,
mucoepidermoid carcinoma in 3, sarcoma in 4, aherotliagnoses in 16 patients.
The clinical characteristics and information of dbepatients were summarized in
Table 1.

The mean follow-up duration was 16.8 months (rarig265 months). All
patients had CT data available for both 1 and 18thsopostoperatively, and 23 of the
patients had consecutive CT datailable, including data at 1, 3, 6, and 12 months
postoperatively. In the present study, we analyttesd continuous volume change
among these 23 patients, and identified the ristofa in all the 70 patients.

Among the 23 patients with consecutive CT data,nilean residual rates of the
ALTFs at 3, 6, and 12 months postoperatively weg3,7 69.0, and 67.9%,
respectively. Theesidual rates at 3 and 6 months postoperativehg wignificantly
different P = 0.022), although those at 6 and 12 months posttipely did not
significantly differ @ = 0.441; Figure 2).

A total of 16 patients were followed-up over 24 riiegnpostoperatively, and the
mean residual rates at 12 and 24 months postopasativere 70.9 and 68.7%,
respectively, but the difference was not signifiod@h= 0.622).

Single factors analysis showed that the residudkesraat 12 months
postoperativelgignificantly differed between patients with adjovaadiotherapy and
without radiotherapyHR < 0.01) (Figure 3). We categorized patients basedheir
BMI (group A: BMI < 18.5kg/m?; group B: 18.5 kg/m< BMI < 25 kg/nf; group C:

BMI > 25 kg/nf), and marked differences in residual rates at 12 months



postoperatively were noted between group A andm@©uP = 0.003) and between
group B and group CP(= 0.045). However, the difference in residual radéesl2
months postoperatively between group A and grop 8 0.054) was not significant.
Overall, the difference in residual rates at 12 therpostoperatively was significant
for BMI (P = 0.009) (Figure 4). No correlation was observetiveen ALTF volume
change at 12 months postoperatively and dge= (0.624), genderR = 0.879),
smoking statusR = 0.141), alcohol consumptior® (= 0.110), DM P = 0.326),
hypertension® = 0.931), primary sitesP(= 0.684), surgery historyP(= 0.402), or
chemotherapyR = 0.236) (Table 2).

Thus, radiotherapy and BMI were included in mud#iphear regression models,
and the result showed that both radiotherdpy (0.01) and BMI P = 0.006) were
both significantly associated with volume loss aff&s (Table 3).

Discussion

Although a few studies have reported on the volehenge of the soft tissue flap
following reconstruction of the oral and maxillofaicregion [17-22], no consensus
has been reached by far. Most of these studies tertain limitations, such as the
estimation of flap volume using two-dimensionalhigiques, small sample sizes, and
short-term follow-up duration. The purpose of thetudy was to assess the
postoperative three-dimensional volume changes &ffFA and identify the
independent risk factors. The investigators hypsitesl that postoperative ALTF
volume decreased over time and some clinical factere the risk factors. The

specific aims of the study were to estimate thetinaous volume change of ALTF



and identify the risk factors. We found that post@pive radiotherapy and BMI were
risk factors for postoperative volume loss of ALTF.

The result of this study showed that most of theTRd volume shrinkage
occurred within the 6 months after reconstructiparticularly within the first 3
months, with an overall residual rate of 72.3% ah@iths and 69.0% at 6 months
postoperatively, the difference between the volamn® and 6 months postoperatively
was significantly differentR = 0.022). The residual rate at 12 months postopefst
was almost 67.9%, and did not significantly difffrom that at 6 months
postoperatively® = 0.441). The long-term follow-up of 16 patientowsked a small
amount of volume loss between 12 and 24 month$y at overall residual rate of
68.7% at 24 months postoperatively; however, tHtergince in the residual rates
between 12 and 24 months postoperatively did mpifscantly differ (P = 0.622).

Overall, the volume change of the ALTFs in the preésstudy is similar to that
reported in a previous study. In that study, Tarstet al. [19] assessed 20 patients
who underwent reconstruction using ALTFs, and reggben average residual rate of
65.3% at 12 monthgostoperatively. Cho et al. [18] reported residades of ALTFs
at 12 and 24 months postoperatively were 79.1 &a94, respectively, which were
more than those reported in the present studyhW& bne of the possible reasons for
this difference is that Cho et al. used the 3-momtistoperative volume as the
baseline, whereas our findings indicated markedmel loss within the first 3 months
postoperatively. In a study of 13 patients who uwdet total parotidectomy

reconstruction with ALTFs, Higgins et al. [23] refexl a mean residual rate of 91.9%



after radiotherapy. Moreover, Yamaguchi et al. [28ported an overall residual
volume of 82.2% for free flaps at 28.9 monthsstoperatively (range, 2.1-48.4
months).

In the present study, the residual rates of thediated flaps and non-irradiated
flaps at 12 monthgostoperatively were 57.0 and 76.8%espectively, and the
difference was significanP(< 0.01). In a long-term retrospective study of Afignts
who underwent radial forearm free flap reconstargtiJoo et al. [24] reported that a
significant relationship was present between pastipve irradiation and volume
change of the flapR(= 0.046). Tarsitano et al. [19] also indicated thastoperative
radiotherapy was a risk factor of postoperativauntd change of ALTFS(= 0.041).
However, Kimura et al. [17, 18, 25, 26] reportedatttpostoperative adjuvant
irradiation had no significant effect on the volurabange of flaps in oral and
maxillofacial reconstructionA(> 0.05).

Although the effect of postoperative adjuvant réukoapy on free flaps remains
controversial, the current study indicated thattgosrative radiotherapy was risk
factor for ALTF volume lossSun et al. [27] used transmission electron micrpedo
observe the damage of soft tissue caused by radagl, and found that radiotherapy
could cause direct damage to cells, resulting ioresese of cell composition and
increase of collagen. A large amount of collagénil§ was deposited in extracellular
matrix, further organization and soft tissue filisosccurred. In addition, collagen
fibrils was found in the vascular lumen of sofstis after radiotherapy, which could

cause serious changes of blood vessels, such tadies of blood vessel wall and



thrombosis, and then affect the blood supply of 8e$ue. We suppose that the soft
tissue fibrosis and disturbance of blood supplyseduby radiotherapy were the main
reasons of ALTFs volume loss.

This study indicated that the differenbetween residual rates at 12 months
postoperatively among groups with different BMI wagnificant @ = 0.006). The
weight of patients was lighter in group A, normabroup B, and overweight in group
C. The result indicated that residual rates of A$TdF overweight patients were
higher than those of patients with normal and kghweight, and the ALTF volume
loss was less for overweight patients. Several ipusvstudies had indicated the
importance of nutritional management for avoidieduction in flap volume. Kimura
et al. [17] reported that weight loss was a risikdafor flap atrophy. Hiraki et al. [28]
measured the albumin levels at 6 and 12 monthopesitively, and found that the
values significantly differed both at & (= 0.026) and 12 months? (= 0.017).
However, Sakamoto et al.[1] reported that the Bhd @ostoperative albumin levels
were not associated with flap volume changes (BR& 0.540; albumirdevels: P =
0.612).

The volume of fat cells of overweight patients Emger than those of patients
with normal and lighter weight [29], and we spetaildifference in structure of fat
tissue results in the different shrinkage of ALTGenerally, the head and neck
reconstruction surgery certainly have influence rutrition intake of the patients
postoperatively, which will result in the loss oéight. But nutrition intake increases

with the recovery of swallowing function and thusight will increase after surgery



for some patients. And we found that the ALTF vodumcreased along with the
weight increasing in certain patients. Conside®Ml is an important index for the
nutrition status of patients, we advise to streegththe postoperative nutrition
management, so that to reduce the loss of flapnvelu

To our knowledge, no previous study has reported eéffiect of postoperative
chemotherapy on the volume change of ALTFs. In shigly, 15 patients received
adjuvant chemotherapy, and the residual rate atdrzhs postoperatively was 64.2%;
whereas, in patients who did not receive adjuvaehwtherapy, the residual rate was
71.6%, the difference was not significaRt< 0.236).

In the present study, we did not find any correlatbetween age, gender,
systematic diseases, smoking status, alcohol cqutsum primary sites, history of
surgery in the oral and maxillofacial region anduwoe change of ALTF after surgery
(P> 0.05). Cho et al. [18] also reported that agedge systematic diseases, smoking
status, and alcohol consumption were not associaitdthe volume change of free
flaps. However, in a retrospective study of 30qras, Hiraki et al. [28] reported that
hypertension and DM were significantly correlatedhwthe volume change at 6
months postoperatively (hypertensioR:= 0.016; DM: P = 0.006), whereaso
association was noted at 12 months postoperat{thgiyertensionP = 0.076; DM:P
= 0.155). Sakamoto et al. [1] reported that remdufe P = 0.001) and previous
history of surgery in the oral regio® € 0.013) were risk factors for volume loss of
myocutaneous flap.

To summarize, ALTF volume shrinkage mainly devetbpeithin 6 months



postoperatively, postoperative radiotherapy and BMére the risk factors.
Overcorrection should be performed to account far shrinkage of ALTFs, and
postoperative nutrition management is importargvoid postoperative ALTF volume
loss.

The present study is a retrospective study witblaively large sample size, and
we continuously monitored the volume change of AdTpostoperatively using
three-dimensional imaging techniques. Comparedldp folume estimation with
two-dimensional techniques, three-dimensional imaging technologyabkss
three-dimensional visualization, which is more aatel and objective. In particular,
we assessed the relationship between postoperdteraotherapy and ALTF volume
change, which to our knowledge has not been prsiyoelucidated. However, the
present study has certain limitations. For examptdid not record the BMI of each
patient at every postoperative time point, furterdy is necessary to identify the
relationship between BMI change and ALTF volumengjea
Conclusion

The results of this study suggest that ALTF voluishenkage mainly developed
within 6 months postoperatively, postoperative ottkrapy and BMI were the risk
factors. Overcorrection should be performed to antdor the shrinkage of ALTFs,
and postoperative nutrition management is impottat/oid ALTF volume loss.
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Table 1. Patient Characteristics

Characteristics N or mean value Percentage rate
Total 70 100%
Gender
Male 46 65.7%
Female 24 34.3%
Age (years) 53.8 (19-79)
Primary site
Tongue 8 11.4%
Buccal mucosa 5 7.1%
Maxilla 44 62.9%
Mandible 6 8.6%
Others 7 10.0%
Histopathology
SCC 41 58.6%
ACC 6 8.6%
Mucoepidermoid carcinoma 3 4.3%
Sarcoma 4 5.7%
Others 16 22.9%

SCC, squamous cell carcinoma; ACC, adenoid cyaticimoma

Table 2. Univariate Analysis of Potential Influencing Fastofor ALTF Volume
Change

Characteristic N Residual rate P-value

Total 70 70.0%




Gender 0.870

Male 46 69.7%
Female 24 70.6%

Age (years) 0.6%4
<45 19 74.1%
45-60 20 68.9%
> 60 31 68.2%

Smoking status 0.131
Smoker 15 62.8%
Non-smoker 55 72.0%

Alcohol consumption 0.1f0
Drinker 8 58.7%
Non-drinker 62 71.5%

Diabetes mellitus 0.326
Yes 6 61.8%
No 64 70.8%

Hypertension 0.931
Yes 17 70.4%
No 53 69.9%

BMI (kg/m?) 0.009*
<185 9 54.8%
18.5-25 46 69.2%
> 25 15 81.5%

Primary site 0.684
Tongue 8 60.1%
Buccal mucosa 5 66.8%
maxilla 44 74.1%
mandible 6 60.0%
Others 7 66.7%

History of surgery 0.402
Yes 18 73.7%
No 52 68.7%

Radiotherapy <0.0601
Yes 24 57.0%
No 46 76.8%

Chemotherapy 0.236
Yes 15 64.2%
No 55 71.6%

a Student t-test
b One-way analysis of variance
*P<0.05

Table 3. Multiple Linear Regression of InfluenciRgctors for ALTF Volume Change



Characteristic N Residual rate P-value

BMI (kg/m?) 0.006
<18.5 9 54.8%
18.5-25 46 69.2%
>25 15 81.5%

Radiotherapy <0.001

Yes 24 57.0%
No 46 76.8%

Figurelegends:

Figure 1. Computed tomography images contouring and thremasional
reconstruction of an ALTF in a patient who was diaged with squamous cell
carcinoma of the hard palate and underwent reamtgin after surgical resection. A:
CT scan before contouring, B: axial image contayri@: coronal image contouring,
D: sagittal image contouring, E: 3-D reconstructién automatic calculation of the
flap volume.

Figure 2. Continuous volume change of ALTF postoperatively.

Figure 3. Residual rates of ALTF volume in patients with mdterapy (n = 7) and
without radiotherapy (n = 16).

Figure 4. Residual rates of ALTF volume in patients with eiéint BMI.
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