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Abstract: Objective: To retrospectively evaluate the effectiveness and safety of paramidline mandibulotomy ap-
proach for en-bloc dissection of tongue cancer. Methods: Thirty-six patients with tongue cancer who underwent 
paramidline mandibulotomy surgery from July 2008 to December 2014 were included in this study. The postopera-
tive survival rate, reoccurrence rate and complications were recorded. Results: Seven patients were lost to follow-up 
after half a year. Overall survival rates at 3 years and 5 years were 76.4% and 66.8%, respectively. Furthermore, 
the 3-year and 5-year survival rates for stage T2 (>2 cm, ≤4 cm) patients was 92.3% and 73.8%, but were 71.4% 
and 35.7% for stage T3 (>4 cm) patients; only 1-year survival rate was recorded for stage T4 (invade nearby tis-
sues) patients, which was 37.5%. There were significant differences in survival rates among different stages (P = 
0.008). Recurrence at follow up occurred in six (20.7%) patients. The complication rate of orocutaneous fistula was 
significantly lower in patients with mylohyoid muscle preserving than that of patients with mylohyoid muscle removal 
(9.3%, 3/32 vs 50%, 2/4, P = 0.029). Conclusion: Paramidline mandibulotomy with mylohyoid muscle preserving 
may be an effective approach for continuous resection of tongue cancer, leading to higher survival rates and low 
recurrence and complication rates.
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Introduction

Tongue cancer is the most common type of oral 
cavity cancers, with an estimated new cancer 
cases and cancer deaths of 16,100 and 2,290 
in USA in 2016, respectively [1]. Surgical resec-
tion has been the mainstay of treatment for 
tongue cancer, leading to a 5-year survival rate 
of approximate 60% [2]. However, there is no 
consensus on the operative modality for resec-
tion of tongue cancer.

Traditionally, tongue cancer is suggested to be 
resected by the combined mandibulectomy 
and neck dissection operation (COMMANDO) 
procedure, which involves removal of the pri-
mary lesion in tongue, ipsilateral mandible, 
extrinsic lingual muscles at mouth floor, sublin-
gual gland and cervical lymph nodes [3, 4]. 
Although a significantly reduced recurrence 
and metastasis rate can be obtained after the 

above en bloc resection, the extensive loss of 
tissues may have negative effects on the relat-
ed functions (such as articulation, deglutition, 
and mastication of mandible) and increase the 
complication risk (such as fistula formation and 
infection due to removal of the muscles at the 
floor of the mouth), further affecting quality of 
life of patients [5, 6]. Thus, preserving the integ-
rity of mandible and mylohyoid muscles is the 
secondary goal in designing the surgery 
approach for tongue cancer recently [5, 6].

In this study, we aimed to retrospectively evalu-
ate the effectiveness and safety of paramidline 
mandibulotomy approach for en-bloc dissec-
tion of tongue cancer in patients without man-
dible invasion. Paramidline mandibulotomy is a 
common procedure for sufficient exposure of 
tumors in the oral cavity, but not compromises 
the dentition [7, 8]. In addition, recent studies 
suggest the tongue cancer metastasizes th- 
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Table 1. General clinical information of patients

Case Age 
(years) Gender Location Pathological type TNM 

stage
Skin flap 
repairing

Follow-up 
(months) Radiotherapy Chemotherapy Complication Recurrence Distant 

metastasis Death
Preserve 

of mylohy-
oid muscle

1 64 Male Right tongue Well differentiated squa-
mous carcinoma

T3N0M0 Forearm 252 Yes Yes None No No No Yes

2 67 Female Right tongue Adenoid cystic carcinoma 
(Moderately differentiat-
ed squamous carcinoma)

T3N2M0 Forearm 192 No No None Yes No Yes Yes

3 51 Male Right root of 
tongue

Moderately differentiated 
squamous carcinoma

T1N0M0 None 6 No Yes Orocutaneous 
fistula

Lost Lost Lost Yes

4 46 Male Tongue abdo-
men

Moderately differentiated 
squamous carcinoma

T2N0M0 Forearm 6 No Yes None Lost Lost Lost Yes

5 45 Male Postmedian of 
the right tongue

Moderately differentiated 
squamous carcinoma

T2N0M0 Forearm 69 No Yes Necrosis of skin 
flap venous 
thrombosis

No No No Yes

6 42 Male Postmedian of 
the right tongue 

Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 64 No Yes None No No No Yes

7 45 Female Postmedian of 
the right tongue

Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 6 No Yes None Lost Lost Lost Yes

8 58 Male Root of tongue Moderately differentiated 
squamous carcinoma

T4N2M0 Rectus 
abdominis

4 No Yes None Yes No Yes No

9 60 Male Left root of 
tongue

Moderately differentiated 
squamous carcinoma

T3N2M0 Forearm 27 No Yes None Yes No Yes Yes

10 57 Male Right tongue 
abdomen

Moderately differentiated 
squamous carcinoma

T3N1M0 Forearm 63 No Yes None No No No Yes

11 54 Male Right tongue 
abdomen

Moderately differentiated 
squamous carcinoma

T2N0M0 Forearm 38 No Yes None Yes No Yes Yes

12 55 Male Root of tongue 
and right 
oropharynx

Moderately differentiated 
squamous carcinoma

T4N2M0 Pectoralis 
major

12 Yes No Orocutaneous 
fistula

No Yes, liver 
and thoracic 
vertebra 

Yes No

13 45 Male Right tongue Well differentiated squa-
mous carcinoma

T4N0M0 Forearm 6 No Yes None Lost Lost Lost Yes

14 55 Female Right root of 
tongue

Squamous basal cell 
adenocarcinoma 

T3N0M0 Forearm 6 No Yes None Lost Lost Lost Yes

15 37 Male Right tongue Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 45 No Yes None No No No Yes

16 47 Male Left tongue Well differentiated squa-
mous carcinoma

T3N0M0 Forearm 6 No Yes None Lost Lost Lost Yes

17 59 Female Root of tongue 
and parapha-
ryngeal space

Mucoepidermoid car-
cinoma

T3N2M0 Forearm 6 No Yes Resection of 
right leaf thy-
roid papillary 
carcinoma

Lost No Lost Yes

18 56 Male Right tongue Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 39 No Yes None No No No Yes

19 49 Female Right tongue Moderately differentiat-
ed squamous carcinoma

T2N0M0 Forearm 36 No Yes None No No No Yes
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20 33 Male Right tongue Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 36 No Yes None No No No Yes

21 63 Male Left tongue Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 34 No Yes None No No No Yes

22 59 Female Left tongue Well differentiated squa-
mous carcinoma

T3N0M0 Anterolat-
eral thigh 
flap

16 No Yes None Yes No Yes Yes

23 51 Male Left tongue Poorly differentiated 
squamous carcinoma

T3N0M0 Anterolat-
eral thigh 
flap

32 No Yes None No No No Yes

24 51 Male Right root of 
tongue and 
oropharynx

Moderately differentiat-
ed squamous carcinoma

T3N0M0 Anterolat-
eral thigh 
flap

29 No Yes Partial skin flap 
necrosis

No No No Yes

25 58 Male Right tongue Moderately- Well dif-
ferentiated squamous 
carcinoma

T2N0M0 Forearm 12 No Yes None Yes No Yes Yes

26 40 Male Left tongue Well -moderately dif-
ferentiated squamous 
carcinoma

T2N0M0 Forearm 19 No Yes None No No No Yes

27 57 Female Right tongue Moderately differentiat-
ed squamous carcinoma

T2N0M0 Forearm 16 No Yes None No No No Yes

28 45 Female Right tongue Moderately differentiat-
ed squamous carcinoma

T2N0M0 Forearm 15 No Yes None No No No Yes

29 59 Male Left tongue Well differentiated squa-
mous carcinoma

T4N0M0 Pectoralis 
major

14 No Yes None No No No No

30 52 Male Right tongue Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 12 No Yes None No No No Yes

31 56 Male Root of tongue 
and orophar-
ynx

Moderately differentiat-
ed squamous carcinoma

T4N2M0 None 10 Yes Yes Orocutaneous 
fistula

No No No Yes

32 54 Male Right tongue Moderately differentiat-
ed squamous carcinoma

T2N2M0 Forearm 11 No Yes None No No No Yes

33 51 Female Left tongue Moderately -High dif-
ferentiated squamous 
carcinoma

T2N0M0 Forearm 10 No Yes None No No No Yes

34 53 Female Left tongue Well -moderately dif-
ferentiated squamous 
carcinoma

T2N0M0 Forearm 3 No Yes None No No No Yes

35 45 Male Left root of 
tongue

Moderately differentiat-
ed squamous carcinoma 
(Metastatic thyroid papil-
lary carcinoma)

T3N2M0 Forearm 1 Yes Yes Orocutaneous 
fistula

No No No No

36 43 Male Left tongue Well differentiated squa-
mous carcinoma

T2N0M0 Forearm 1 No Yes Orocutaneous 
fistula

No No No Yes
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rough intramuscular space, not muscles at 
mouth floor [4, 9, 10], which provide the theo-
retical basis for preservation of mylohyoid mus-
cles, with only the sublingual gland and tissues 
in the myolemma at mouth floor resected. We 
hypothesize our surgical procedure may be 
beneficial for treatment of tongue cancer and 
maintenance of normal function.

Materials and methods

Patients 

Thirty-six tongue cancer patients who received 
the mandibulotomy approach surgery from July 

col was approved by the Ethics Committee of 
Changhai Hospital of the Second Military 
Medical University.

Surgical procedure 

All patients underwent the radical surgery with 
preserving the integrity of mandible by the 
same surgeon. Mylohyoid muscles were also 
preserved in most of cases except 5 cases. The 
radical surgery preserving mylohyoid muscles 
was as the following: 1) cervical lymphadenec-
tomy was performed till the inferior margin of 
the mandible followed by opening and resect-
ing the inner side periosteum of mandible; 2) 

Figure 1. Case 1. A: Preoperative primary lesion; B: En-bloc surgery of tongue 
cancer through the mandibulotomy approach; C: The defect was repaired by 
skin flap, and mandible was fixed by absorbable plate; D: After the surgery 
the dentition was preserved and the skin flap grew well; E: Postoperative 
panoramic radiology showed the bone stump healed well. 

2008 to December 2014 in 
our hospital were selected in 
this study. There were 26 
males and 10 females, with 
the mean age of 51.72 ± 7.8 
(range, 33-67) years old 
(Table 1). Tumor was located 
at the tongue margin in 24 
cases, the tongue root in 9 
cases and the tongue abdo-
men in 3 cases. Pathologically, 
most of the tumors were con-
firmed to be squamous carci-
noma, except 1 case of basal 
cell adenocarcinoma squa-
mous, 1 case of mucoepider-
moid carcinoma, 1 case of 
adenoid cystic carcinoma pro-
gressive to squamous carci-
noma after reoccurrence, 2 
cases of squamous carcino-
ma complicated with papillary 
thyroid carcinoma and 1 case 
of squamous carcinoma com-
plicated with palate carcino-
ma. According to TNM stage, 1 
case was rated as T1 (≤2 cm), 
19 cases as T2 (>2 cm, ≤4 
cm), 11 cases as T3 (>4 cm), 
and 5 cases as T4 (invade 
nearby tissues) (Table 1).

Preoperative imaging exami-
nation did not show mandible 
involved or remote metasta-
sis. All patients gave written 
informed consents for surge- 
ry and data collection for re- 
search purposes and paper 
publication. The study proto-
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hyoid and jaw bone ends of mylohyoid muscles 
were preserved (Figures 1-3); 3) the inner side 

periosteum of the mandible was connected to 
the cervical tissues; 4) a midline incision was 

Figure 2. Case 2. A MRI of preoperative primary lesion; B: Mylohyoid muscle was preserved after mandibulotomy, 
the primary lesion and the tissue connected to cervical lymph nodes were resected; C: En-bloc surgery of tongue 
cancer through the mandibulotomy approach; D: Specimen; E: Skin flap grafting; F: Preservation of postoperative 
dentition.

Figure 3. Case 3. A: Intraoral view of preoperative primary lesion; B: MRI of preoperative primary lesion; C: En-bloc 
surgery of tongue cancer through mandibulotomy approach; D: Skin flap grafting and fixation of mandible; E: Speci-
men; F: Preservation of postoperative dentition.
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made in the lower lip and the mandible was 
truncated at the site between lower incisor and 
second incisor or the site between the two 
mandibular canines according to the location of 
primary lesion. The inner side periosteum of 
the mandible was cut apart along with the jaw 
tongue groove till the inner lateral bone surface 
of the mandible. Mylohyoid muscles were pre-
served, but the mandible was retracted to 
expose the primary lesion, with the tumor 
resected at 1 cm near to the lesion and the ipsi-
lateral tissues at the mouth floor resected. Five 
cases received cervical lymphadenectomy with 
the jugular vein retained. Defect repairing was 
performed in 28 cases with forearm free skin 
flap (4 cm × 6 cm - 7 cm × 8 cm), 2 cases with 
pectoralis major skin flap (7 cm × 10 cm), 3 

cases with anterolateral thigh flap (8 cm × 9 
cm), 1 case with rectus abdominis muscle skin 
flap (7 cm × 10 cm) and 1 case with local trans-
ferred tissue flap grafting. Mandible was fixed 
by small titanium plates, titanium nails or 
absorbable plates. Four cases received postop-
erative radiotherapy and 36 cases received 
postoperative chemotherapy.

Statistical analyses

Statistical analyses were performed using the 
SPSS v.19.0 statistical software (SPSS, 
Chicago, IL, USA). All continuous data were 
expressed as mean ± standard deviation (SD) 
and categorical data were expressed as n (%). 
Survival rates were estimated by the Kaplan-

Figure 4. Overall (A) and staged (B) survival curves. T2: >2 cm, ≤4 cm; T3: >4 cm; T4: invade nearby tissues.

Table 2. The univariate and multivariate logistic regression to identify the key factors contribute to 
survival

Clinical features
Uni-variable cox Multi-variable cox

HR (95% CI) P value HR (95% CI) P value
Age (e%CI) able coxti 1.360 (0.213~1.657) 0.026 1.256 (0.085~1.855) 0.868 
Gender (Male/Female) 0.788 (0.143 ~4.328) 0.783 0.192 (0.007~0.526) 0.328 
Location (Left/Right/Root) 2.82 (0.394~6.202) 0.302 1.661 (0.219~1.255) 0.623 
Pathological type (Poorly/Moderately/Well) 0.467 (0.126~1.737) 0.249 0.682 (0.037~1.254) 0.796 
Pathological T stage (T2/T3/T4) 1.382 (0.557~3.425) 0.481 3.526 (0.517~4.059) 0.199 
Pathological N stage (N0/T1/T2) 2.488 (1.106~5.598) 0.016 4.162 (0.953~18.172) 0.058 
Radiotherapy (Yes/No) 0.955 (0.094~9.711) 0.969 0.1516 (0.002~0.282) 0.378 
Complication (Yes/No) 1.310 (0.153~3.240) 0.805 0.6095 (0.009~4.337) 0.820 
Recurrence (Yes/No) 1.804 (1.024~2.145) 0.0003 1.072 (0.543~1.364) 0.0065 
Preserve of mylohyoid muscle (Yes/No) 0.050 (0.004~0.555) 0.0006 0.03405 (0.003~0.897) 0.0024 



Effectiveness and safety of paramidline mandibulotomy approach

3626 Int J Clin Exp Med 2018;11(4):3620-3627

Meier method and the differences among dif-
ferent stages were tested using the log rank 
test. The difference in the complication rate 
was analyzed with Fisher’s Exact test. A two-
sided P-value of less than 0.05 was considered 
statistically significant. Univariate and multi-
variate logistic regression were performed to 
identify the key factors which contribute to sur-
vival. The thershold was set as P-value of less 
than 0.05.

Results

Surgical effect

All patients successfully underwent the para- 
midline mandibulotomy approach surgery with 
the preservation of integrity of mandible, lead-
ing to the fact that oral function recovered well 
and all the patients could eat normally and 
chew by the affected side teeth postopera- 
tively. 

Follow up

Of the 36 patients (Table 1), 7 were lost to fol-
low-up after half a year, with the follow-up 
range from 1 to 252 months. Recurrence and 
distant metastasis were respectively diag-
nosed in six (20.7%) and one patients, all of 
whom died during follow up, including 1 case 
within 6 months, 2 cases between 6 months 
and 1 year, 1 case between 1 year and 2 years, 
1 case between 2 years and 3 years, 1 case 
between 3 years and 4 years and 1 case after 
11 years. Consequentially, the overall survival 
rates at 3 years and 5 years of 76.4% and 
66.8%, respectively. Furthermore, we also ana-
lyzed a significant difference in survival rates 
among different stages (P = 0.008, T2 vs T3, 
Figure 4). The results showed that the 3-year 
and 5-year survival rates for stage T2 patients 
was 92.3% and 73.8%, but were 71.4% and 
35.7% for stage T3 patients; only 1-year sur-
vival rate was recorded for stage T4 patients, 
which was 37.5%. 

Key factors contribute to survival

Univariate and multivariate logistic regression 
were performed to identify the key factors 
which contribute to survival. The results sh- 
owed that the Age, Pathological N stage, 
Recurrence and Preserve of mylohyoid muscle 
were the critical factors contribute to survival 

(Table 2), in which the Recurrence and Pre- 
serve of mylohyoid muscle were independent 
factors.

Postoperative complications

Orocutaneous fistula complication occurred in 
2 patients, with a significantly lower rate in 
patients with mylohyoid muscle preserving 
than that of patients with mylohyoid muscle 
removal (9.3%, 3/32 vs 50%, 2/4, P = 0.029). 
In addition, partial skin flap necrosis was devel-
oped in 2 cases, but the rest of cases all had 
primary healing.

Discussion 

Although the optimal surgical approach re- 
mained controversial, mandibulotomy is one of 
the most common surgery methods to provide 
a wide exposure of the tumor and easy access 
to the whole oral cavity, thus reducing the recur-
rence rate and improving the survival rate. In 
this study, survival rates was more than 37.5% 
and recurrence developed in only six patients, 
which was in line with previous studies [6, 11]. 
Mandibulotomy can be performed via anterior 
(median or paramedian mandibulotomy) or pos-
terior (lateral mandibulotomy) to mental fora-
men. The latter one is seldom used nowadays 
because of injury to the inferior alveolar neuro-
vascular canal [8]. Although the continuity of 
the mandible can be both maintained by medi-
an or paramedian mandibulotomy, the parame-
dian procedure was performed in this study 
due to the conservation of the anterior belly of 
the digastric, the genioglossus and geniohyoid 
muscles, thus preventing a delayed recovery in 
masticatory function and healing [7, 8, 12]. As 
expected, oral function recovered well and all 
the patients could eat normally and chew by 
the affected side teeth postoperatively.

Preserving part of muscles at mouth floor can 
ensure continuous dissection and avoid the 
orocutaneous fistula. Compared to the classi-
cal mandibulotomy, we also modified this point. 
In the classical surgery, mandible must be cut 
apart and extorted to expose the surgical vision 
field, thus mylohyoid muscles must be cut off. 
But in our study, we preserved the continuity of 
mylohyoid muscles in the tongue cancer with-
out muscles at the mouth floor involved. 
Although the extorsion angle is small, the 
exposed vision during the surgery was good 
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enough (Figures 1-3) to complete the continu-
ous dissection. It could also decrease the rate 
of orocutaneous fistula while closing intraoral 
incision. As anticipated, orocutaneous fistula 
complication occurred in 2 patients in this 
study, with a significantly lower rate in patients 
with mylohyoid muscle preserving than that of 
patients with mylohyoid muscle removal (9.3%, 
3/32 vs 50%, 2/4, P = 0.029) [13]. 

There were some limitations in this study. First, 
the retrospective nature may result in data 
recording bias. Second, the sample size was 
relatively small, which may cause an under- or 
over-estimation of survival and complication 
rates. Thirdly, a control (such as mandibular lin-
gual release) is lacking. Accordingly, we believe 
our conclusions should be further evaluated 
and confirmed in a larger prospective, blinded, 
randomized controlled study.

Conclusion 

Our findings suggest paramidline mandibuloto-
my with mylohyoid muscle preserving may be 
an effective approach for continuous resection 
of tongue cancer, leading to higher survival 
rates, low complication rates and masticatory 
function preservation.
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