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Abstract
Purpose: To recognize neuropathic pain as a complication of high-dose-rate (HDR) interstitial brachytherapy of 

oral tongue and to evaluate the possible causes of neuropathy. 
Material and methods: Twenty one patients who underwent interstitial brachytherapy for early cancer of oral 

tongue were evaluated. The patients either underwent primary brachytherapy (42-48 Gy at 3-4 Gy/fraction) or a boost 
(18-24 Gy at 3 Gy/fraction) after external radiation to 40 Gy. Lingual nerve was the nerve concerned and the sublingual 
space (SLS) was contoured as its surrogate. Dosimetric parameters were correlated with onset of pain. 

Results: Ten patients out of 21 (47.61%) developed painful neuropathy. Five patients of six (5/6) who underwent 
primary brachytherapy developed neuropathy. Five out of 15 (5/15) patients who underwent brachytherapy as a boost 
developed neuropathy. The patients who underwent primary brachytherapy were ten times more likely to develop 
neuropathy. Among the patients receiving boost treatment, the equivalent dose at 2 Gy/fraction (EQD2) to 2 cc of SLS 
was higher (39.25 Gy) in the patients who developed pain compared to those without pain (10.29 Gy). 

Conclusions: This is the first report to recognize neuropathic pain as a complication of HDR brachytherapy of oral 
tongue. Patients undergoing primary brachytherapy were more likely to develop pain. Among other factors like dose to SLS, 
number of catheters, size of the primary tumor, and the dose rate, only dose to 2 cc of the SLS correlated with onset of pain. 
The SLS (containing the lingual nerve) may be considered an organ at risk to prevent the occurrence of this complication. 
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Purpose 
Localized cancer of the tongue is an ideal indication 

for brachytherapy [1,2] because emphasis is laid mainly 
on local control while maintaining anatomical integrity 
and function. Though surgery is considered the standard 
of care, significant functional impairment may result af-
ter wide local excision of even the smallest tumors. Ra-
diotherapy has produced results comparable to surgery 
and is considered an acceptable alternative. Eighty five 
percent of the tumors involving the anterior two thirds of 
the tongue arise from the lateral border of the oral tongue. 
These are detected at an early stage as they become symp-
tomatic early, and are amenable to clinical examination 
and accessible to interstitial implant. In our practice, 
a complication often seen after interstitial implant of the 
tongue is development of painful neuropathy. The pain 
is perceived mainly at the local site and often radiates to 
the area of distribution of the ipsilateral trigeminal nerve. 
The pain develops after a successful outcome when there 
is no residual disease on clinical examination or imaging, 
which is quite distressing to the patient as well as the phy-

sician. The nerve concerned is the lingual nerve (branch 
of mandibular division of the trigeminal nerve V3), which 
carries general sensation including pain from the anteri-
or 2/3rd of the tongue. This nerve lies in the sublingual 
space (SLS) inferolateral to the root of the tongue where 
it could be damaged during brachytherapy [3,4] (Fig. 1) 
or get compressed due to massive edema of the tongue 
in some cases. Using high-dose-rate (HDR) brachythera-
py, the reported local control rates range from 53-100% 
[5-7]. Leung et al. [7] reported local control rate of 94.7% 
for early stage and only acute mucositis as a complication 
after HDR brachytherapy. Bhalavat et al. [8], based on 
low-dose-rate (LDR) brachytherapy, have reported local 
control of 59.7%. The two common complications report-
ed by them was soft tissue necrosis in 12.5% and osteora-
dionecrosis in 3.5%. 

So far in the literature, no study has reported devel-
opment of neuropathy after interstitial implant of oral 
tongue. In this study, we try to evaluate the cause of the 
pain, which persists in spite of excellent local control of 
the disease in the tongue. 
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Material and methods 
Twenty one patients who underwent interstitial 

brachytherapy for the mobile part of the tongue, either as 
a primary treatment or as a boost after external beam radi-
ation therapy (EBRT) were considered. They were treated 
in our institute between November 2009 and August 2013. 
Only T1 and T2 tumors (American Joint Committee on 
Cancer, AJCC stage I and II) of the oral tongue situated on 
the lateral border were included in this study. After biopsy 
confirmation of malignancy, all patients underwent thor-
ough clinical examination and computed tomography (CT) 
of the neck for staging of nodal disease. Only clinically node 
negative (N0) patients were considered for brachytherapy. 
The patients either underwent EBRT to dose of 40 Gy/20# 
followed by brachytherapy boost or were taken up for pri-
mary brachytherapy, if found suitable at the time of initial 
diagnosis. During brachytherapy, implantation was done 
under general anesthesia by the “push and pull technique” 
with the needle inserted below the jaw and medial to the 
mandible (Fig. 1) and by retrograde pulling plastic loops 
through the needle. Implantation was done following the 
rules of the Paris system [9], in single or double plane, giv-
ing 5-10 mm margin from all clinically palpable disease. 
Additional buttons were used to improve the dose to  
the surface of the tongue. A spacer was not used between 
the tongue and the mandible. Subsequent to implantation, 
the patients underwent a non-contrast CT scan for treat-
ment planning. The CT images were acquired on GE Light-
Speed CT Scanner (GE Healthcare, Chalfont St. Giles, UK, 
a unit of General Electric Company) with slice thickness 
of 2.5 mm. Treatment planning was done on the Oncentra 
Master Plan™ v3.0 software Nucletron, an Elekta compa-
ny (Elekta AB, Stockholm, Sweden) where catheters were 
subsequently reconstructed and dose was prescribed to 
a point 5 mm outside the plane of the implant. The length 
of loading of the catheters, which would determine the  
final volume of the implant was left to clinician’s discre-
tion. Subsequently, they were treated to a dose of 42-48 Gy 

at 3-4 Gy/fraction for primary brachytherapy treatment 
and a dose of 18-24 Gy at 3 Gy/fraction when brachyther-
apy was used as a boost after EBRT. Two fractions per day 
were delivered with a minimum gap of six hours between 
the fractions. Treatment was delivered with Iridium (Ir192) 
using a remote controlled after-loading machine (Nucle-
tron, an Elekta company). Retrospectively, contouring of 
the sublingual space (SLS) was done, which was used as 
a surrogate for the lingual nerve. Sublingual space was 
contoured as the low density fat containing space below 
the root of the tongue between the geniohyoid medially 
and the myelohyoid muscles laterally (Fig. 2). 

The case records of the patients were reviewed to 
determine the onset and nature of pain. The date of the 
first occurrence of neuropathic pain after a minimum of 
six weeks after completion brachytherapy in the absence 
of palpable disease/local ulceration/soft tissue necrosis/
osteoradionecrosis was considered as a primary end point 
of the study. The patients were followed-up with regular 
two-monthly clinical visits. The last follow-up visit or de-
velopment of local recurrence was considered a secondary 
endpoint of this study. The dose to the SLS was obtained 
as D2cc (minimum dose to maximally exposed 2 cc volume 
of SLS) from the dose volume histogram of the Oncentra 
Master Plan™ v3.0 software (Nucletron, an Elekta compa-
ny). The cumulative dose to the lingual nerve was calcu-
lated assuming α/β ratio of 3 for the SLS. The total dose 
was calculated from the linear quadratic model and ex-
pressed as EQD2 for the SLS. Statistical analysis was done 
using the Excel 2007 software package, and independent 
t-tests and Analysis of variance (ANOVA) were applied 
to find the differences between the means of those who 
developed pain and those who did not develop pain. 

Results 
Twenty one patients were evaluated (Table 1), out of 

which 6 (28.57%) underwent upfront brachytherapy. Fif-
teen (71.4%) underwent EBRT to dose of 40 Gy in 20 frac-

Fig. 1. Diagram showing how the lingual nerve can be injured when catheters are inserted through the sublingual via subman-
dibular space. Computed tomography is shown on the left and a corresponding schematic diagram on the right. SLS – sublin-
gual space 
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tions followed by brachytherapy implant as a boost. Me-
dian follow up period was 12 months (4-38 months). Ten 
(47.6%) patients had onset of neuropathic pain. The average 
time for onset of neuropathic pain was 4.23 months (1.8-7.2 
months) from completion of brachytherapy. Five out of 
six (83%) patients who had received primary brachyther-
apy developed painful neuropathy. Five out of 15 patients 
(33%) who received brachytherapy as boost after EBRT 
developed neuropathy. Using the odds ratio (Table 2), the 
probability of developing neuropathy was 10 times higher 
when patients underwent primary brachytherapy implant 
rather than an implant as a boost after EBRT. 

We could not compare the dose to SLS of patients 
who underwent primary brachytherapy with those who 

received brachytherapy as a boost because the dose pre-
scription at the time of brachytherapy was different. Also, 
the overall treatment time was different between the two 
groups (patients undergoing primary brachytherapy re-
ceived larger dose in a shorter period of time). Hence, 
they are described as two different groups. The average 
dose to 2 cc (D2cc) contoured SLS in the patients who un-
derwent primary brachytherapy was 56.49 ± 21.52 Gy  
(23.6-77.8 Gy) EQD2. Among patients undergoing brachy-
therapy as a boost the average D2cc to the SLS was 19.94 ± 
19.36 Gy (1.81-64.41 Gy) EQD2. Of the 15 patients who un-
derwent brachytherapy as a boost, five patients (33.3%) de-
veloped neuropathic pain. In this group, the average total  
D2cc to SLS was higher – 39.25 ± 18.74 Gy (21.74-64.4 Gy)  
EQD2 compared to patients who did not develop pain 
10.29 ± 6.08 Gy (1.81-16.74 Gy) EQD2. Independent t-test 
was used to compare the difference and was statistically 
significant (p = 0.04). ANOVA test applied for depth of 
prescription of the implant was not a statistically signifi-
cant factor in determining the onset of neuropathic pain 
(p = 0.11). Also, the ANOVA for the number of needles 
implanted or the dose rate between the two groups was 
not statistically significant (p = 0.16 and 0.77) respectively 
(Table 3). 

Fig. 2. Multi-planar reconstructed view showing the contoured sublingual space (SLS) below the root of the tongue between  
the geniohyoid and the myelohyoid muscles. The full thickness of the dorsum of the tongue is represented by the shaded 
structure 

Table 1. The age, sex, and clinical stage of the pa-
tients included in the study 

Factor Number (n = 21)

Age

20-40 6 (28.57%)

40-60 9 (42.85%)

60-80 6 (28.57%)

Sex

Males 15 (71.42%)

Females 6 (28.57%)

Stage

Stage 1 (T1N0) 9 (42.85%)

Stage 2 (T2N0) 12 (57.14%)

Table 2. The causative relation between upfront bra-
chytherapy and occurrence of neuropathic pain 

Onset of pain
10 (47.61%) 

patients

No onset of pain 
11 (52.38%) 

patients

Primary brachytherapy 5 1

Brachytherapy boost 5 10
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In seven of the ten patients who developed neuro-
pathic pain, the pain persisted up to the last follow-up 
date. Three patients had resolution of the pain after an 
average period of fifteen months (7-22 months). Overall, 
three patients developed local recurrence and two had 
nodal recurrence. These patients were referred for salvage 
surgery. Among those who developed local recurrence, 
only one of the patient had neuropathic pain, which per-
sisted till the date of documented local recurrence. In this 
patient, the neuropathic pain predated the recurrence by  
11 months. After a median follow up period of 12 
months (4-38 months), 16 (76.19%) patients were locally 
disease free. 

Discussion 
The injury to the lingual nerve during oro-dental pro-

cedures is a well-recognized complication. The injury 
usually occurs during the extraction of the mandibular 
3rd molar tooth where the lingual nerve runs in a close 
relation to the dental alveolus [10-12]. The complications 
after interstitial brachytherapy reported so far apart from 
acute mucositis have been soft tissue necrosis and os-
teoradionecrosis. Though the neuropathic pain has not 
been reported in literature on interstitial brachytherapy, 
we are seeing it in our practice (47.6% incidence in this 
study) due to the use of higher dose rates [13-15] and use 
of techniques where the needles traverse the sublingual 
space, which contains the terminal part of the lingual 
nerve as it ramifies to supply general sensation to the an-
terior 2/3rds of the tongue. As far as local control is con-
cerned, fractionated HDR interstitial brachytherapy has 
been shown to be an effective alternative to traditional 
LDR brachytherapy for early tongue cancer [5,16]. How-
ever, previous studies have cautioned regarding use of 
higher doses and dose rates, which was correlated with 
increased incidence of complications particularly necro-
sis [14-17]. It is generally accepted that the experience 
is much less with HDR and long time is needed to get 
the clinical and scientific experience that has been accu-
mulated for decades with the use of LDR technique [18]. 
High activity sources create dose-rate conditions that are 
different from LDR, making necessary new, more precise 
radiobiological tools for schedule inter-comparison [19]. 
In this study, we observed that patients who underwent 
primary brachytherapy had a 10 times higher risk of de-
veloping neuropathic pain, which suggests that the hy-
po-fractionated dose delivered at a higher dose rate injur-
ing the nerve is likely to be the main culprit. As CT scan 

cannot clearly identify the lingual nerve in this region, we 
have used the sublingual space, which is seen easily on 
CT scans as low density fat containing space as a surro-
gate for the lingual nerve [4]. Though the mere placement 
of a needle through the sublingual space could result in 
injury to the lingual nerve, the presence of a lag period of 
an average of 4.23 months for the onset of the pain sug-
gests radiation induced damage to the lingual nerve as 
the more probable cause (Fig. 3). The other factors that 
can be held responsible for the causation of pain are the 
development of edema in the tongue after radiation caus-
ing compression of the nerve similar to the ‘entrapment 
neuropathies’ seen in the extremities. 

Similar factors that can potentially increase the dose 
to the SLS have been evaluated; namely, the length of 
loading of the catheters, number of catheters implanted, 
and dose rate. These factors did not significantly correlate 
with the onset of pain. The only factor associated to the 
onset of pain apart from the use of HDR brachythera-
py was the increased total dose (EQD2) D2cc of the SLS, 
which would primarily be determined by the depth of 
the implant. In the era of CT/MRI based planning, the 
depth can be reasonably restricted and at the same time 
the tumor can be adequately irradiated. The data on the 
damage to the peripheral nerves from HDR radiation 
comes from mainly with the use of intraoperative radio-
therapy (IOERT) where peripheral nerve is the principal 
dose-limiting normal tissue for IOERT in the pelvis, ret-

Table 3. The dosimetric parameters in those who underwent brachytherapy as a boost 

Onset of neuropathic pain 
(5 patients)

No onset of neuropathic pain 
(10 patients)

Average dose EQD2 to the SLS 2 cc in the interstitial boost group 39.25 ± 18.74 Gy 10.29 Gy

Average depth of loading 40 mm (15-40 mm) 40 mm (18-44 mm)

Loading of SLS (source dwell position within SLS) 6 patients 4 patients

Dose rate 1.82 ± 1.02 Gy/min 2.01 ± 1.68 Gy/min

EQD2 – equivalent dose at 2 Gy per fraction, SLS – sublingual space, Gy – Gray 

Fig. 3. Showing how excess loading of the catheters to the 
depth may result in overdosing of sublingual space (SLS) 
and beyond by multiple catheters and leading to lingual 
nerve injury
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roperitoneum, and extremities [13,20]. Neuropathy was 
observed in 65% of the patients when they received doses 
of > 15 Gy and the onset of neuropathy was related to the 
length of the nerve irradiated [13]. 

The neuropathic pain resolved spontaneously in 
three (30%) patients and persisted to the last follow up 
date in the remaining seven suggesting that over a pe-
riod of time the pain may resolve by itself. However, 
this is a retrospective analysis and we are not able to de-
scribe the impact of pain on the quality of life. Though, 
a correlation between onset of pain and D2cc to SLS has 
been established in this study, definite correlation be-
tween the severity of the pain, requirement of analge-
sics, and the dose to SLS cannot be arrived at. Prospec-
tive studies are required with pain and quality of life 
questionnaires to know the impact of irradiated volume 
on occurrence of neuropathy as well as the quality of 
life. Also, the incidence of neuropathic pain may not be 
the true incidence of this complication as we were not 
able to objectively confirm presence of nerve damage. 
At the best excess irradiation of the SLS (determined 
primarily by the depth of the treatment volume) with 
high dose radiation, may be used as an indicator of de-
velopment of neuropathic pain. Also, it is important to 
realize that there are uncertainties due to development 
of edema when the implant is kept in-situ for a period of 
3-4 days, particularly if the treatment volume and dose 
to SLS is decided on the basis of the CT scan taken on the 
day of the implant. 

Considering the secondary endpoints of this study, 
76.19% of the patients were disease free till the last clini-
cal visit, which is comparable to what has been reported 
in literature [5-7]. Out of the 10 patients who developed 
neuropathic pain, only one had local recurrence, which 
predated local recurrence by 11 months. This suggests 
that the neuropathic pain was unlikely due to a smolder-
ing residual disease.

Conclusions
From this article, we would like to recognize neuro-

pathic pain as a complication of modern HDR intersti-
tial implant brachytherapy of the tongue and radiation 
induced injury to the lingual nerve as the most likely 
cause of neuropathy. The incidence of neuropathic pain 
was 10 times more when brachytherapy was used as 
a sole modality. In the patients who developed pain after 
brachytherapy for boost, the dose to 2 cc of the SLS cor-
related with the onset of pain. Use of sectional imaging 
like CT scan and an MRI at the time of brachytherapy will 
help to identify sublingual space, which may be consid-
ered as an organ at risk (OAR) to prevent overdosing of 
the lingual nerve. Also, the use of MRI or CT scan at the 
time of brachytherapy helps to define the CTV, to which 
the dose may be evaluated and the depth of the treat-
ment volume adequately restricted. Hence, a large dose 
to smaller area of the tongue may be delivered increasing 
the therapeutic efficacy of brachytherapy. 
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